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ABSTRACT
THE NITROUS ACID DEAMINATION OF l,l;DISUBSTITUTED HYDRAZ INES
Adviser: Professor Paul Haberfield
The nitrous acid deamination of N-methyl-N-phenylhydrazine,
N-tert-butyl-N-phenylhydrazine, 1,l-diphenylhydrazine and 9-aminocarba-
zole was studied. Reactions were carried out in methanol, n-butanol
and benzene using isoamylnitrite/ﬂBFh and isoamylnitrite/acetic acid

as deamination reagents.

The deamination of Nemethyl-Ne-phenylhydrazine, 1,l-diphenylhydrazine
and 9-aminocarbazole gave as products N-methylaniline, diphenylamine
and carbazole respectively. N-tert-Butyl-N-phenylhydrazine gave

N-tert-~-butyl-aniline and phenylazide as products.

In addition, nitrous oxide was produced: in all reactions. The
yleld of nitrous oxide is much less than that of the secondary amine
formed in each reaction. It is shown that secondary amines are
produced by at least two processes, but only one of which produces

nitrous oxide.

The cleavage reaction which gives phenylazide from N-tert-«butyl-Ne
phenylhydrazine produces, in methanol, comparable amounts of methyl
tert-butyl ether. An N-diazonium ion is proposed to explain the

formation of phenylazide and methyl tert-butyl ether.
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The N-tert-butyl-N-phenylhydrazine deamination was studied in
detail. Authentic N-tert-butyl-g-anisidine was prepared. No trace
of this material was found when reactions were run in methanol. This
indicates that no singlet product was formed in this reaction. O-Acetyl-
N- tert-butyl-N-phenylhydroxylamine and O-methyl-N-tert-butyl-N-phenyl-
hydroxylamine were prepared. They were not detected as products. This
indicates that no reaction took place between a positive nitrogen and

avallable nucleophiles.
It has been proposed that the initially formed singlet nitrenium
ion quickly spin inverts to a triplet species. The triplet abstracts

hydrogen atoms to give secondary amines.

A mechaniem is proposed to explain the products.
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INTRODUCTION

1. General Statement

Trivalent electron~deficient carbon specles {carbonium lons) have
been extensively studied under a variety of experimental conditions.
The literature of organic chemistry amply attests to the Interest In-

trivalent carbon cations.! This Is In marked contrast to the chemistry

of the electron~-déficient divalent nitrogen aralog, the nitrenium lon.2

Prior to 1965 very little had been published on the formation
and reactlvity of nitrenium lons. Since then P. Gassman and co-workers
have published data which havehelped to elucidate the chemistry of

this Interesting class of Intermediates .38

This thesis presents evidence for the formation of nitrenlum lons
In the nitrous acld deamiration of 1,1-disubstituted hydrazines:

(PhRNNHz; R-CH3,C(CH3)3. Ph and 9-aminocarbazole).

Evidence Is presented for the formatlion of an N-dlazonium lon
(PhRN-N2+) which can lose nltrogen to glve a nitrenlum lon. Thls
N~-dlazonlum lon can undergo, in the case of N-tert-butyl-N-phenylhydrazine,
alky? cleavage to give phenylazide and methy! tert-butyl ether. The
N-diazonlum lon can undergo cleavage to elther a nitrealum lon and a

neutral fragment ("2) or a carbonium lon and a neutral fragment (phenyl-
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azlde). No other example of thls type has yet been reported.

This. work: also: shows that the decomposition of the N-dlazonium lon
glves a very unstable nitrenlum lon which quickly undergoes Intersystem
crossing to a triplet state. The chemistry of the nitrenlum fon

generated by nitrous acld deamination Is that assoclated with a triplet

nitrentum fon.

Thls thesls postulates a reaction pathway which has heretofore not
been reported for the reaction of 1,l-dlsubstituted hydrazines with

nitrous acid.

2. Formation of Nitrenlum lons

Nitrenlum fons have been obtalned from a variety of N-chloroamlnes.h’ 8, 9

They heve also been postulated as Intermedliates in the reaction of

10 M=k

azldes, and mono-gsubstituted hydrazines with aclds.'s

hydroxylamines,

-Cl Ag+ ;3 N
~AgC1
; R ;
Ph3c- =-0H -:4-0 Plzac-_.+
2

PhiN, :;; Phn+

Ph-x-m‘lz H+ > Ph-=,+
-Nﬂ3
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3. Reactlvity of Nitrenlum lons

A nitrenfum lon differs from a carbonlum fon In two ways:

(1) Nitrogen Is more electronegative than carbon; as a
result a nltrenium lon Is more reactive than a
carbonfum lon.2 No case has been reported In which
the electron=deficlient nitrogen reacts directly with
nucleophile. The positive charge Is qulckly shifted
to a sultable carbon atom elther by a skeletal rear-
rangement or electronic redistributlon. The carbonlum

fon formed then reacts with a nucleophlie,

A5 e A

-n+

H’H’ 2
& — & =

(11) Unllke the carbonium fon a nltrenium fon contalns a
pafr of non-bonded electrons. As a consequance the
nitrenlum lon can exist In elther a singlet or triplet

state.7' 16
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R, = R

1 ]

L A

N+ —_— &

"D N
R2 RZ
Singlet Tripiet
By Its mode of formation a nitrenium lon Is a slnglet.2
Intersystem crossing between singlet and triplet states
has been found to be catalyzed by heavy atoms,'7"9

and paramagnetic substances.zo

P. Gassman has been able to catalyze the conversion of singlet to trlplet.7
Each spin state has a different chemistry; the singlet has ''carbonium lon"
1ike propertles (It rearranges and then reacts with a nucleophlle); the
triplet behaves as a radical cation (abstracts hydrogen atoms). The
abllity to catalyze this interconversion Is also evidence for the
existence of a discrete nitrenium fon, Instead of a concerted mechanlsm

In which a full positive charge Is not generated at the nitrogen atom.7

A study of the thermal rearrangement of p-substituted-N-tert-
butylanilines Indicated that as the electron withdrawing power of the

substituent Increased so did the yleld of starting para-substituted-N-

tert-butylanlllne.2 The following table summarlizes the data:

Table |
Para Substltuent % Yield of Starting Anlline
CH 1
F o 8
H 16
¢l 17
C0,C,HH 19
¢ 275 29
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Electron withdrawing substituents on the ring lead to greater positive

charge on the nitrogen. It appears that as the nltrogen beqomes more

positive relative to the ring, the rate of singlet to triplet conversion

Increases relative to the rate of reaction of the singlet state with
nucleophlile. Thls leads to enhanced yields of triplet product, l.e.,

para-substituted-N-tert-butylanilines. The reason(s) for thils are

not Immediately obvious. Simllar results have been obtalned from the

silver catalyzed reaction.2?2 This work will be discussed more fully in

the main body of this wenk.

Two Independent theoretical molecular orbital calculations for the
simplest nitrenfum fon (N*Hz) have been published. The first indlcates
that the triplet state Is linear or almost llneap and Is 45 kcal/mol
lower Iih energy than the singlet state.23 The singlet state has an HNH
angle 8~115°. The second calculation glves the energy difference
between triplet and singlet as being 38 kcal/mol and minimum energy

angles of 140°and 120°respectlvely.2h

The following sections are reviews of the llterature pertinent to

thls theslis.

4, Reactlons of Hydrazines with Nitrosatling Agents

A. Moro~Subst!tuted Hydrazlnes

Mono-substltuted alkyl and aryl hydrazines react with nltrosating
agents In simllar ways to glve azldes.25, 26 The hydrazine Is Initlally
0
nitrosated on the substltuted nltrogen to glve: R-S-NHZ.ZS This has been

substantiated by trapping the specles with a ketone to glve an

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 6

o .
N-nitrosohydrazone: R- -N-CR2.25 In the presence of acid the initlally
formed N-nltroschydrazine rearraﬂgos to the fsomeric N-nltrosohydrazine:

Rz-z-NO. The following Is a proposed scheme for the formation of

phenylazide from phenylhydr,z|n°,27. 28
RN, _HONOS,  Ph-Niy e, Photlh-no
A
1 / . /( 3 .
+
NH, [z
s
Phen’ | S PN+ HO PhNH, + N0
N-OH
b 5 3

As yet no evidence has been presented In the llterature to substantiate

the existence of any of the Intermedlates in the above scheme.

B. 1,1-Disubstituted Hydrazines

Originally the reactlon of N-methyl-N-phenylhydrazine with nltrous

acld was found by E. Fisher to give N-nltroso-N-methlyanlllne.29 Closer
30

examination by J. Thiele revealed the following reaction scheme:
H H

; i

+

H
3
-EHz -N20:>> Ph-ﬁ-CH3 HONQ;> Ph~N-NO

PhN-N}\!2 - HON9> Ph-I

0

The N-nitroso-N-methylaniline Is formed In .the presence of excess nltrous
acld. It has also been found that 1-aminobenzimadozole Is deaminated by

3
nitrous acld to give benzimadozole.
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The rocket englnes of the lunar landing module utilize a fuel
consisting of 1, 1=dimethylhydrazine and nitrogen tetroxlde.32 The
exhawst gases contaln trace amounts (less than 0.1%) of the following
compounds : NH3. CH_N_, CZH5N3: CH52-3-N0 and Czﬂs-N-N-No. The system

33
was studlied by mass spectroscopy.

Subsequent to the start of this study P. Gassman reported the results

of the nitrous acld deamination of an:allphatic 1,1-disubstituted hydrazine:

2-amlno-3,3,h-trlmethyl-z-azablcyclo-(2.2.l)heptane.33

.—HONO_ + + N0
MHeOH n MeO, N
H’
67% 21%

He reported a large yleld: of secondary amine and Isolated nitrous oxide

"ohn,

as the major gaseous product.

C. 1,2-Disubstituted Hydrazlnes

This class of compounds react with nitrous acid to glve Isolable
compounds containing one or two N-nltroso groups.3°' 34 The N,Nl-dlnltroso

hydrazine formed readlly loses nitric oxlde glving an azo compound.

0

R-g-:‘-ﬂ HON0> R-zaz-R HONO > R-ua -R

> R-N=N-R + 2NO
A
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5. Reactlons In which the N-Dlazonlum lon has been Proposed to Explaln

Products or Kinetlcs

A._ Reaction of Arylazldes with Strong Mineral Aclds
Phenylazlde and substituted arylazides decompose In the presence of

strong acld to give baslc products and nltrogen. A kinetlc

Investigation showed the rate law for the decomposition of phenylazide
to be: rate = k(PhM3)H°.'3 Thls suggests the formation, In the rate
detenmlnlng step, of the conjugate acld of phenylazide (PhN-: +, an
N-diazonfum fon). The following Is a proposed scheme which accounts

for the products obtalned and some examples..

o+
PhN, bt PhNH=N, T N ot

HZSOI,
—22s HO~ M,
—Hor > sr—<(_§>m12
HBr
e PhO'@WHz

Para-substituted azides can be converted to 2,4-disubstituted
anl1ines, para-substituted anilines and polymers with the general

4
formula (X-CgHy=N),.
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B. Reactlons of Alkylazides with Aclid

The following is a proposed mechanism for the reaction of
alkylazides with acid:

R'\\ +

o 3 R|R2C‘N" + R'CH'NRZ

C. The Reaction of Alkylazides with Alkylating Agents

Alkylazides can be alkylated by powerful alkylating agents such as
6
trimethy! oxonlum fluoroborate. An N«diazonlum fon has been proposed

as a possible Intermedlate.

n=CyMg=N3 + (CH3)30%BF), AgC10y n=CyHg-N-Ny*

CHy
> Cyig-N+ 5 C3HpCHoNCHy 80%
2 3 CyyHgN=CHy 10%
* -
C3H7-%;CH28F~ 5-10%
3

D. As an Intermediate In the Schmidt Rearrangement

The Schmidt rearrangement Is a series of reactions employing as a
reagent hydrazolc acld In sulfurlc acld.37 One can effect the conversion
of a carboxylic acld to an amine containing one carbon less or a ketone
to an amlde. One of the intermedlates proposed In the rearrangement is

an N-diazonfum lon.
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6. Reactions of Hydrazine Derivatives with Nitrous Acid
38

A. Nitrosative Cleavage of Dlialkylhydrazines

=0
<<::>N.z-8-Ph Excess HNO, <:::SO + Ph-g-Ns
>

B. Converslion of Unsubstituted Amldazones to ldlnas39

ah h
Ph-&- -NH, _HONO, Ph-ﬁ\- -H
Ph Ph

The above reaction Is analogous to the deamination of 1,1-disubstltuted

hydrazines.
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RESULTS

The nitrous acld deamination of 1,1~dIsubstituted hydrazines has
been studled. The following equations !llustrate the hydrazines used

and thelr respective products.

.—Nﬁﬂa ’£:3
@ YN, HONO @ + N20
C(CH3)3 /C(CH
N ~NH
Sw,  _HoWoo @ v PhNg + MO

Hp

00 = TO .-

The following tables glve products and ylelds obtalned when the

reactions were run using Isoamyinitrite/fluoroboric acid In methanol
and IsoamyInitritey acetic acid/1ithium acetate In methanol, n-butanol

and benzene.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 12
Table |1
Deamination of 1,1-Disubstituted Hydrazine
IsoamyInitrl te;'l'i;:hﬂ- Methanol

Product Ylelds (%) @

b
Hydrazlne Run No.  PhN el © phino Ng0

N-Methy1-N-

phenylhydraz!ne 28 trace 58 5 10
N-tert-Butyl=N-

pheny lhydrazine 32 8 78 20
1,1-Diphenylhydrazine 36 80 20
9-Aminocarbazole 4o 65 4

a. Product yields as glven In Tables Il to VI are based on unrecovered
starting materlal.

b. Carbazole from 9-aminocarbazole.

Table 111
Deamination of N-Methyl=N=Phenylhydrazine
with
IsoamyInitrite/Acetic Acid/Lithium Acetate

Product Yields (%)

Solvent Run_Number PhECH3 !22
Methanc! 29 61 16
n-Butanol 3] €8 22
Benzene 30 90 15
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Solvent

Methanol
n=Butanol
Benzene

Solvent

Methano!
n-Butanol
Banzene

Solvent

Methanol
n~Butano!
Benzene

Table IV
Deamination of N-tert=Butyl-N-Phenylhydrazine
with
Isoamy Inltrite/Acetic Acld/LIithium Acetate

Product Yields (%)

Run Number PhNE PhﬂC(CH,)3
12 45
3 16 63
Table V

Deamination of 1,1=Diphenylhydrazine
with
Isocamyinitrite/Acetic Acld/Lithlum Acetate

Product Ylelds (%)

Run Number thNH
62
3 7
38 87
Table VI

Deamlnation of 9-Amlnocarbazole
. with
IsoamyInltrite/Acetic Acld/Lithium Acetate

Product Yields (%)

Run Number Carbazole
N 52
i3 5
42 72

page 13

21
21
L

N0

15
28
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DISCUSSION

1, Introduction

The reaction of primary amines with nitrous acid can be summarized

by the following scheme:ho

R -
R-NHz _HONOS R-N-NO S R-N=N-OH N RNo' + OH

; R+ + No

Primary aromatic amines give diazonium ions which can be isolated, secondary
amines yield N-nitroso compounds and primary aliphatic amines a variety of
deamination products. The stability of the aromatic diazonium ion has

been attributed to resonance structures such as:

—> “‘

No comparable resonance structures can be written for aliphatic diazonium
ions, No aliphatic diazonium ion with Né* bound to an sp3 carbon has as
yet been isolated, 1Its existence has been proposed to explain the

nitrous acid deamination of aliphatic primary amines., The diazonium ion
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Is thought to quickly decompose to give a carbonium fon and nitrogen.
The formation of a carbonium fon intermediate has been confirmed by
comparing the nature and stereochemistry of products obtained by nitrous

actd deamination to those obtalned from similar carbonium fons generated

by other reaction paths.

The analogous reactlon of a 1,1~disubstituted hydrazine with nitrous
acld should lead to an N-diazonium ion, On the basis of the resonance
contributors shown below, the N-diazonium fon should be intermediate In
stabljlfy between an allphatic and aromatic diazonium ifon. Resonance

contributor || would not be expected to contribute much to the stability

of the N-dlazonlum lon.

Simllarly it might be predicted that an N-diazonium fon could
decompose to give a nitrentum fon plus nitrogen. The formation of
a nitrenium fon could be demonstrated by showing that the products

obtalned were simllar to those obtained from nitrenium lons generated

by alternate routes.
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Tablles |1 through VI In the preceding section indicate that the
deamination of 1,1-disubstituted hydrazines leads exclusively to
-unsubstituted secondary amines. This Is In contrast to systems studied
by P. Gassman and coworkers where ring substituted products were
obtalned and explalned using nltrenlum ions.s' 21, 22 In some cases,
the nitrenium fon was ldentl;al to that expected in thls study. Only

with N-tert-butyl-N-phenylhydrazine was the pattern broken. Here a

small yleld of non-baslc compound, phenylazide, was obtained (pp 72-74).

The succeeding sectlions will dlscuss the mechanistic Implications of
the data presented in the preceding tables. These tables Indicated that
three types of products were obtained: nitrous oxide, phenylazide and
unsubstltuted secondary amines. Nitrous oxide and secondary amines can
be envisioned to come from N-N bond cleavage and phenylazide from C-N
cleavage. Each type of product will be discussed separately and a

unified mechanism presented in the final section.

2. Formation of Nltrous Oxlde

J. Thiele was the first to proposed nitrous oxide as one of the
products obtained from the nitrous acld deamination of 1,1-disubstituted
hydrazlnes.30 This was confirmed by P. Gassman and K. Shado in thelr
study of the nitrous acid deamination of dlalkylhydrazlnes.33 They
trapped and Identified nitrous oxlde as the major gaseous product. No
data were given to Indicate how much of the secondary amine was produced

In the same process which formed nitrous oxlde.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 17
In our work a vacuum system was developed to trap and determlne
quantitatively the yleld of nitrous oxlde produced under the reactlon
conditions employed In tils study. The vacuum system had a trapping
efficlency of at least 80-90% and could be used to determine If nitrous

oxlde and secondary amine were produced In a molar ration of 1:1. (pp 62-65)

An Infrared Spectrometer was used to determine both the trapping
efficlency of the vacuum line and the yleld of nitrous oxide In a
reaction (pp. 62-65). Infrared spectroscopy can be us?d to detect
from 0.003-3% by volume of nitrous oxide In a mlxture.‘ Nitrous
oxlde and simllar diatomic and triatomic gases do rot obey Beer's
law at all ¢:om‘:entratlon$."2 Absorbance is found to be a function of
both the partlal pressure of the gas and the total pressure of the
gas mixture. To get accurate quantitative results, It Is necessary
to use a callbration curve. This curve Is obtalned by plotting
absorbance versus partial pressure.of the gas (keeping a constant

total pressure by adding a non-absorbing gas). Using thls method

accuracies of better than 10% have been obtained for simple gases.

Tables 1! through VI summarize the data obtalned from nltrous
oxldg trapping experiments using a varlety of hydrazineg:...:.:ces

and reaction condltions.

These:-tables Indicate that the formatlon of nltrcus oxlde,while
a slignificant process, does not account for the bulk of amines observed.

The results Indicate that there are at least two distinct pathways which
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lead to secondary amlines.

It has been suggested that nitrous oxlde Is formad by the following

33, 43
process#i

RZN-:-NO > RZ-N-N-N-OH > RoNH  + N20

The formation of RoyN=-N=N-CH Is analogous to the formation of
R-N=N-OH (dlazotic acid) In the dlazot!zatlion of aromatlc primary
amines. No dlazotic acld has as yet been Isolated but spectroscoplc
evidence Indicates Its exIstence in solutlion. Also sodium salts of

dlezotic lon (R-N=N-0") have been lsolated.h“

3. Formation of Phenylazide

The deamination of N-tert-butyl-N-phenylhydrazine gives N-tert-
butylaniline and a small yleld of phenylazide. Formation of phenylazide
Is direct evidence of an N-diazonlum lon as one of the Intermediates In
the nitrous acld deamination of N-tert-butyl-N-pheny lhydrazine and by
analogy other 1,1-disubstituted hydrazines. Its formation can be

envisioned to come from the same dlazotlc acid Intermedlate which leads to

nitrous oxlde.

E(cu3)3 -ou'», ' I(cn3)3
an N o NG M o + -g- i .
Ph=N-N=N-0H _:20 Ph-R-N, — PN, + @ C(cu3)3

\ ;> Ph-zC(Cﬂa)3 + N20
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In the analogous deamination of aliphatic amines, a diazonium lon

has been proposed but direct evidence for Its existence has not been

published.

The cleavage reaction which produces phenylazide also gives a

carbonium lon fragment. The nature of this carbonium ion (free or

otherwlse) is not known.

It Is possible that another Intermediate might be responsible for
the formation of phenylazlde and a carbonium fon fragment. One possiblility
Is glven below. A simllar intermediate has been proposed for the
formatlon of phenylazide from phenylhydrazine (p 6). The analogous
reactions of primary aromatic and alliphatic amines seem to suggest
that the N-~dlazonium lon Is the more attractive intermediate.
t-Bu
s

N=-OH
A tert-buty!l carbonlum fon can give both substitution and elimination
(isobutylene) products.us‘ Formation of an ether has been shown to be the
chief product in ethanol Efl = 4.“5 In methanol the major product
should be methyl tert~but$¥ ether. Gas chromatographic analysis of the’

products of a reactlon run In methanol indicated that the ylelds of

phenylazide and ether are comparable ether = 1.2 (p 92). The ether
PhN
3
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was ldentified by comparing the mass spectrum of authentlc ether to
that of material having the same retention time as methyl .tert-butyl.-
ether (p 94). Isolation of both azlde and ether strongly Indicates the

Intermedlacy of an N-dlazonlum fon.

Phenylazlde can be expected only from an N-dlazanlum lon which
can cleave to glve a stable carbonlum ton. The followlng table of
carbonfum lon stabl1kis Indicates that methy! and phenyl carbonium
L6

lons are much less stable than tert-butyl carbonium fons.

Table Vi|

Heats of Formatlon of Barbonlum lons

lon AHg (kcal/mole)?®
CH3 + 258
tert=CyHg i+ 174
Ph + 285 '288

a.,{&ﬂf (1on) 1£\Hf (radical) + IP (radical)

Consequently little or no phenylazlide Is to be expected when the carbonlum
fon fragment Is elther methyl or phenyl cation. The experimental

evidence confirms thls.

Mono-substituted alkyl and ary! hydrazines react with nltrous acld to
glve azldes, primary amines and nltrous oxlde.25, 26 This reactlon Is
remarkably similar to the reactlon ufider study. In the reaction of

phenylhydrazine with nltrous acld it has been suggested that Ph-g-g-no
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is formed and decomposes to glve as products phenylazlde, anliine and

nitrous oxlde. There is no evidence to substantlate this mechanism.

An Interesting example has been published In which an Intermediate
simllar to that In our proposed mechanism has been found to cleave to
glve an azlde as one of the products.‘ The acld catalyzed hydrolysis
of vinyl azides can glve as one of the products a ketone with éoncomltant

formation of hydrazolc acld (Nus)."7

N+
M O :m‘
2 O
2 S
Z
> + HN3

: !
(CSHOSR

The formation of a ketone and hydrazolc acld Is similar to the C-N
cleavage observed In the deamination of N-tert-butyl=N-phenylhydrazine.
in addition N-N cleavage can take place to give a lactam. The
Intermediate leading to the lactam Is a positive specles but not a

nitrenium lon.
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It thus appears that the N-diazonium ion proposed in the acid
catalyzed hydrolysis of vinyl azides can undergo two different modes
of cleavage, This is similar to what we have proposed in our work.
In addition it should be noted that in the reaction of indanone with
hydrazoic acid and sulfuric acid (Schmidt rearrangement), a lactam
is isolated which is identical to that obtained from the acid catalyzed
hydrolysis of the above vinyl azide.hT Here too, an N-diazonium ion has

been proposed as one of the intermediates,

It is of interest that the reverse of C-N cleavage has been reported,

N-diazonium ions have been obtained by protonationll'lu or alkylation

of azides.36
The following evidence strongly indicates the formation of N-diazonium
ions during the deamination of 1,1-disubstituted hydrazines:
(1) Formation of phenylazide and methyl tert-butyl ether,
(11) Absence of phenylazide where an unstable carbonium
ion would also be”formed.

(111) Analogous reactions in the literature.

4. Formation of Secondary Amines: Introduction

It has been noted previously that the only deamination products isolated
have been secondary amines containing no substitution on the benzene nucleus.
Also the data show that changes in solvent polarity from methanol to
benzene or the addition of a stronger nucleophile (acetate ion) have

had no effect on the number of products observed. There have been
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changes only in the relative yields of the various products, The

results are not what are predicted for nitrenium ions,

The nitrenium ions expected from N-methyl-N-phenylhydrazine have
been obtained by other workers via the silver ion catalized methanolysis
of the appropriate N-chloroauiline.8 Methanolysis of N-chloro-N-tert-
butylaniline gave o and p-methoxy-N-tert-butylaniline, o and p-chlozo-N-
tert-butylaniline and N-tert-butylaniline as products, N-chloro-N-methyl-

aniline gave similar results, These results have been explained in terms

of a delocalized nitrenium ion:

=N-R

The isolation of 4-methoxy-4-methyl-2,5-cyclohexadienone from the
thermal rearrangement of N-chloro-N-tert-butyl-p-toludine is additional

evidence for the existence of delocalized nitrenium ions,

Since products of these types are not observed in our system, it is
mweamnable to doubt the formation of a delocalized nitrenium ion under
the reaction conditions employed. This does not preclude the formation
of a non-delocalized nitrenium ion, i.e., nitrogen bearing a full positive

charge. A non-delocalized nitrenium ion might be expected to have properties
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not shared by a delocalized and more stable nitrogen cation. This is
analogous to the so called "hot" carbonium ions obtained from the nitrous
acid deamination of aliphatic amines, Carbonium ions formed by this

process have unique properties which are attributed to their mode of

formation.

The rate determining step in the diazotization of amines is the
formation of an N-nitroso compound, Formatiqn of a diazonium ion from
the N-nitroso compound is rapid and probably does not require much activation
energy. The decomposition of the diazonium ifon simultaneously produces a
carbonium ion and nitrogen. It appears that the carbonium ion contains
most of the energy contained in the transition state common to both
producta.u6 This results in a carbonium ion which has been labeled "hot"
or "unsolvated", Products are then formed which are not normally obtained
by simple heterolysis., In addition, the lifetime of the ion can be very
short, tHe solvent shell of the cation being essentially the same as

that of the diazonium ion.

A nitrenium ion formed by the decomposktion of an N-diazonium ion

might be expected to have different properties than one obtained by the

heterolysis of an N-chloroamine, Nitrenium ions are formed as singlet species
but can undergo intersystem crossing to a triplet state. Triplet nitrenium ions

have been shown to be good hydrogen atom abstractors and give unsubstituted
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secondary amlnes.7 It Is possible that a nitrenlum fon produced by
the nitrous acid deamination of a dl-substituted hydrazine undergoes
intersystem crossing much faster than it reacts with an avallable
nucleophile. This would result in larger ylelds of unsubstituted amines.

This possibility will be further explored In a subsequent section.

Before we can completely rule out a delocalized nitrenium fon as
an intermediate, it Is necessary to establish that small ylelds of
product derfved from this species could have In fact been detected. It
Is also necessary to preclude the exisience of N-substituted products
resulting from the direct attack of nucleophile on the positive nltrogen,

R R
e.q., Ph-h-OCH3 or Ph-ﬁ-o-ﬂ-CH3.

5, Search for Substltuted Secondary Amines

Only the methyl and tert-buty! compounds gave any evidence of
producing small amounts of unidentified minor components. P. Gassman
has reported that side reactlions took place In the silver catalyzed
methanolysis of N-chloro-N-methylaniline which lowered the total yleld
of recovered materlal.8 The nitrenium fon obtalned from N-chloro-N-
methylanlline can undergo elimination to give an Imine. The Imine can
undergo hydrolysis or possibly react with nitrous acid (oleflns are
known to react In this fashion). Thls Is not possible for the tert-butyl
compound. To simplify the analysis of slide products the N-tert-butyl

compound was chosen for further study.
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The substituted amlnes expected from the deamination of N-tert-butyl-
N-phenylhydrazine in methanol are o and p-methoxy-N-tert-butylaniline.
Previous work, by P. Gassman, on N-chloroanilines Indicates that the
p-methoxy compound is the major product. Therefore, p-methoxy-N-tert-

butylaniline was prepared (p 51).

An analytlcal procedure was developed which could detect a 1% yleld
of the p-methoxy compound (p 84). Analysis of the product mixture under
the same condltions as a standard Indicated that, within the
limlts of detectabllity previously established, no p-methoxy-N-tert-
butylaniline is formed (p 87). This Indicates that no product Is

obtalned from a singletnitrenium ifon.

6. Search for N-Substituted Products

The compounds expected from direct attack on the positive nitrogen
of N-tert-butylanilenium lon are O-acetyl-N-tert~butyl-N-phenylhydroxylamine
and 0-methyl-N-tert-butyl-N-phenylhydroxylamine. Nelther compound has
been previously reported in the literature. They were prepared from
the corresponding hydroxyiamine (p 49). The hydroxylamine was syntheslized
in 2% yield by a route previously used to make N-ethyl-N-phenylhydroxyl-
amlne.48 The O-acety! compound (p 51) was obtained pure while the O-methy!

compound (p 53) was obtained 90% pure.

It was necessary to determine If these compounds were stable to the
reactlon conditions employed in the deaminatlon procedure. The scant
Information in the literature Indicated the possibility of rearrangement

under the reaction conditions used.
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Hydroxylamine derlvatlives analogous to the O-acetyl compound have
been previously prepared only from M-et:hyl-N-phemylhydroxyI'amlne.l'9 This

compound In refluxing benzene rearranges to:

Bt Et
N-0- (- CH, NG 3
O b e [::::Lou

'

Attempts to prepare simllar derlvatives from other phenylhydroxylamines
i
resulted In the Isolation of phenolic compounds. 2 Aliphatic derfvatives

are Isolable and well known.>°

Similarly very little has been published on 0-alky! derivatives of
N-substituted phenylhydroxylamines. A. C. Cope has prepared 0-s-butyl-
N-methyl-N-phenylhydroxylamlne.S' Hydrolysls of thls compound in hydro-
chlorlc acld gave : s-butylalcohol, N-methylanlline and_g;chloro-N-

methylani 1Ine as products.

In our work It was found that the O-acetyl-N-tert-butyl-N-
pheny lhydroxy lamine was completely stable to the reactlion conditlions
(p 80). In contrast 21% of the O-methyl-N-tert-butyl=N-phenylhydroxylamine
did not survive the reactlon conditlons (p 82). Ths wma!n decompostion
product was N-tert-butylaniline. If formed, enough of the O-methyl

compound would have remalned to be detected.

An analytical procedure was developed to detectal% yleld of

elther the 0-acetyl or O-methyl compound (p83 ). Analysis of the
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product mixtures under the same conditlons as the standard solutions
Indlcated that, within the 1imits of detectabllity previously establlshed,
no @-methyl or O-acetyl compound was formed (pp 86-87). This would
seem to Indicate that If a locallzed nltrenium lon Is formed, spin

Inverslon Is much faster than direct attack on the positive nitrogen.

7. Effect of Solvent

Our Initfal work was In methanol. No evidence was obtalned in
thls medium of singlet nitrenfum fon. The reaction was studied In the
presence - of an added nucleophlle (acetate lon). This should lead to
an Increase In the rate of reaction of singlet nitrenfum lon with a
nucleophile relative to the process which produces unsubstltuted secondary

amines. Np new products were observed in methanol when this was done

(p 87).

The reaction was run In three different solvents:: methanol, butanol
and benzene. As one goes from methanol to benzene the degree of assoclatlon
of a nitrenfum lon and Its counter lon (acetate) should increase. This
should have the effect of Increasing the relative nucleophlle concentra-
tion (acetate fon) around the nitrenfum fon. An Increase In the rate
of a reactlion Involving the nucleophlle mlight be expected relative to
the process which produces secondary amines. No new products were

obtalned when the solvent was changed.

The only effect noted was that diphenylhyrazine (4 hr) reacted

faster relative to the other hydrazines (20 hr). This might be caused by

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 29
ia difference In basicity. In the dlazotizatlon of anlllnes 1t has
been noted that the weaker bases react faster.s2 The attacking species
In the diazotlzation of anllines Is usually No*. This reaction Is faster
when a greater proportion of the amine remains unprotonated. In the
absence of complete basiclty data for the four hydrazines used, no

order of reactivity can be proposed.

8. Formation of Secondary Amines: Mechanism

The following processes could each be responsible for the formation
of secondary amines:
(1) Hydrogen atom abstraction by a triplet nitrenium ion.
(11) Hydrogen abstraction by a nitrogen free radical.
(111) Hydride abstraction by anextremely reactive
singlet nitrenium lon.

Each wl1l be discussed in turn.

P. Gassman has demonstrated that triplet nitrenium lons can lead
to unsubstituted or unrearranged amines. He has catalyzed the Inter-
system crossing from the singlet to the triplet state by the addition

of heavy atom solvents (halogenated hydrocarbons).7

The thermal and sllver catalyzed rearrangementsof para-substituted
N-chloio-N-tert-butylani lines has been studled.ZI’ 22 The products
have been explained in terms of nitrenium fon Intermediates. The

following are tables based on data published by P. Gassman and co-workers.
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Table Vii|

Product Distribution for Silver lon Promoted
Methanolysis of N-Chloro-N-tert-Butylanlllnea

Yield (%) of Yield (%) of
Para Products due to 0-Chloro=N-tert~ Yield (%) of
Substituent Nucleophillc Attgckb Butylanliline Starting Anlline
CH 70 17 2
Ph3 62 5 c
H Ls 28 6
C1 36 25 12
002Et 0 58 26
N02 0 65 d

a. P. G. Gassman, G. A. Campbell and R. C. Frederick, J. Amer. Chem.
Soc., 94, 3884 (1972).

b. Para-substituted amines glve 2,5-cyiclohexadienone Imine as the
Initlal product. This product hydrolyzes to give the appropriate

2,5-cyclohexadlenone.
€. No data avallable.

d. p-NO,-N-tert~butylaniline reported byt no yleld is glven.

Table IX

Thermal Rearrangement of N-Chloro-N-Sert-
_.. Butylaniline In Buffered Ethanol

Yield (%) of

Para Yield (%) of Yield (%) of Products due to
Substituent o=Chloro=-Aniline Starting Amine Nuchleophilic Attack
CH3 85 1 10
F 84 8
H 64 16
Cl 72 17
Co 8¢ 78 19
CeN 64 29

a. P. G. Gassman and G. A. Campbell, J. Amer. Chem. Soc., 94, 3891 (1972)
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These data indicate a change in product distribution as the para
substituent becomes more electron withdrawing. As the pargvsubstituent
is changed from H to electron withdrawing groups, the follewing occurs:

(1) Charge density on the nitrogen increases.

(11) Yield of triplet product increases (using P. Gassman's

criteria for triplet product’).

Electron donating substituents have opposite effects and produce

increased amounts of singlet product.

It is possible that changes in the charge density on nitrogen and
intersystem crossing are related. Increased charge density on the
nitrogen might be lowering the energy difference between the singlet

and triplet states. This would tend to increase the rate of intersystem

crossing.

The transition state for the silver catalyzed solvolysis of N-chloro-

N-tert-butylaniline has been depicted by P. Gassman as follows:8

( +  )=N-t-Bu

The above indicates delocalization of the positive charge into the ring.
Decomposition of an N-diazonium ion would put the positive charge

directly on the nitrogen (this is analogous to the formation of a "hot"
carbonium ion), and intersystem crossing is enhanced. We conclude that

secondary amines are derived from the triplet state.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 32
In the absence of theoretical work on nitrenlum fons as complex as

the ones proposed In thls study, the above statement kust be consldered

as a working hypothesis.

There has been some criticism of Gassman's nitrenium fon mechanism.
It Is felt that not all of the products come from the nitrenium lon
precursors--particularly the o~chloroanilines. This criticism Is based

on a study by P. Haberfleld and D. Paul on the thermal rearrangement of

53

N-chloroani1ines In polar and non-polar aprotic solvents. The results,

for N-chloro-N-tert-butylanllines, are briefly stated belows
(1) Rearrangement Is acld catalyzed and the N-chloroaniline
is stable In base.
(11) N-€hloro=-N~tert-butylaniliine can ring chlorinate
other anl!ines.
(111) Products are o and p-chloro-N-tert=butylaniline;,
2,4=dichloro-N-tert~butylanlline and N-tert=butylaniline.
(lv) Ylelds of N-tert-butylaniline and dichloro-N-tert-
butylanlline are about the same.
(v) There Is no apprecliable change In the yleld of
N-tert-butylaniline when the rearrangement Is carried
out In carbon tetrachloride or in dichlorobenzene.
The data Indicate an acld catalyzed electrophlilic reaction in which
no nitrenlum lons appear to be Involved. N-tert-butylaniline results

from the chlorination of mono-chloro-N-tert-butylaniline by a molecule

of N-chloro-N-tert-butylaniiine.
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The following equations summarize the above results:

t-Bu
t=-Bu t
Em wNt-c
H+ >
t- %" -Bu t-pu
HN-CI
t=-Bu t-Bu t- 3 t-Bu
HNt=C1 H H

Cl
53-8 &
1

The above reactions need a catalytic amount of acld to start. The
acld can be added or It maybe present as an impurity. In addition,

It Is not yet known whether ring chlorination is an Inter~or Intra-

molecular process.

The above data would seem to indicate that more than one process Is
responsible for the products observed by Gassman in the rearrangement of
para-substituted-N-chloro-N-butylaniline. There appear. to be three

different reaction pathways:

(1) A singlet nitrenlum lon glving products incorporating

solvent and possibly ring chlorinated products.

t-fu

t-gg
- O

(11) An electrophllic reaction giving ring chlorinated products.
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t-Bu t-Bu
o b
Cl
H+ ; ‘ + H
X

(141) A process which produces starting para-substituted-N-tert-

butylanilines.
t-?u t-Pu
+
[:ii:] [:j?i] .
Singlet Triplet

The unpublished data of P, Haberfield and D, Paul indicates that
starting anilines can not be produced by an electrophilic mechanism. An
electrophilic process would also produce comparable amounts of dichloro-

anilines., Dichloroanilines have not been reported as products by P. Gassman,

There is published evidence for the intermediacy of triplet nitrenium ions
in the formation of unsubstituted amines.7 P. Gassman has been able to
catalize intersystem crossing between singlet and triplet states by the use
of heavy atom solvents. The ratio of triplet to singlet product is 0,0885
in pure methanol and 45.9 in a 50:50 mixture of bromoform and methanol,

A free radical mechanism can also be used to explain the formation of
secondary amines, It has been reported that the nitrous acid deamination
of strained bridgehead amines results in products which can be explained
in terms of free radical 1ntermediates.5h Formation of a bridgehead ion
is unlikely in the above case. These workers envision radical formation as
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follows:
ReN=N-OH NOCI;:, R=N=N-0NO :>> R + N2 + No2

A simllar mechanism could be proposed for the deamination of hydrazines.
The driving force would be the formation of a more stable (compared to

a nitrentum lon) Intermediate.

Nitrogen radicals of the type expected In our reaction have been

prepared by the thermolysis of tetrazenes .55
R, N=N=N-NR

+
2 2 > RN+,
They glve secondary amines as products but most of the products come from

the coupling of two or more radicals. No products of this type were
encountered in this study for reactions run In a nltrogen atmosphere.
(compare results In experiment 36 to those In experiment 54). The

absence of coupling products would seem to rule out nitrogen radicals

such as: RzNo.

The following equation traces the path from triplet nitrenium lon to

secondary aminet
R' ) Rz —H R H
RN _SH > R§N+ —SH RSN AT

Triplet Aminlum lon | Product
Nitrenfum lon

As can be seen two different radical llke specles are Involved In hydrogen
atom abstraction. Evidence for the existence and chemistry of triplet

nitrenlum lon has been published by Gessman.” The aminium radical catlon
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has been proposed as the intermediate in the Hoffman-Loffler réaction.56
This reaction is a rearrangement in which N-chloro-aliphatic amines are
cyclized to pyrrolidine derivatives in the presence of trifluoroacetic
acid and sulfuric acid (preferred reaction conditions). A free radical

58

mechanism has been proposed.57’

3
e’ }&\ cx” i\n H R

H c1

. RoNC1 NaOH
R g ) qu Thor” [Nj

e B ROH R

An experiment was designed to determine the extent of radical chemistry
associated with a triplet nitrenium ion., The deamination of N-tert-butyl-N-
phenylhydrazine was carried out in cumene, If the triplet nitrenium ion
behaved in the same manner as a carbon free radical, it could abstract a
hydrogen atom from cumene and give bicumyl. No bicumyl was found when the
reaction was run in cumene (p 89). This result does not rule out a triplet

nitrenium ion as an intermediate. It would only seem to indicate that a

triplet nitrenium ion does not behave like a carbon radical.

This result is similar to results reported for some nitrogen free radicals,
The thermal decomposition of N,Nl-diphenyl-N,Nl-d1-2-napthy1tetrazene glves
55

nitrogen free radicals:
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e A o

“ @O—-—;\' 2'5?

In benzene there 18 a 5% yield of secondary amine resulting from hydrogen
atom abstraction from solvent, In cumene a 6% yield of amine is obtained,
There is no noticeable change even though cumene is much more readily
oxidizable than benzene, In ethanol, a 9% yield of amine is obtained

ardin 1,4-cyclohexadiene, a 90% yield. R, Bridger concluded that the stereo-
chemistry of the transferred hydrogen atom was the ddterming factor not the
degree of activation, Similarly E., J. Cory has proposed two factors to
explain the propensity of an aminium radical to intramolecular g-hydrogen

58

abstraction:

(1) The tendency of the hydrogen transfer to be linear

+
in the transition state, i.e.,, for the Ne¢*H-*C
angle to be about 180°,

(11) The minimization of angle strain and steric

replusions involving non-bonded atoms in the transition

state for rearrangement,

There 18 evidence in the literature that hydrogen atom transfers to
nitrogen radicals and radical cations are sensitive to steric effects.

Whether the triplet nitrenium ion (diradical cation) is sensitive to
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the steric environment of the transferred hydrogen is as yet unknown;
however, this is not an unlikely possibility, The steric effect should
be most evident for anilenium ions derived from 1,l-diphenylhydrazine and
N-tert~N-phenylhydrazine. The steric requirements for these ions should
be similar to that of the radicals obtained from the thermal decomposition
of N,Nj-diphenyl-N,Nz-di-z-napthyltetrazene.

A problem in our work is to explain the source of hydrogen atoms
abstracted by the radical like species, when the reactions are run in
benzene or cumene, The reaction mixtures also contain acetic acid. In a
solution containing benzene and acetic acid the N-diazonium ion would be
expected to be solvated preferentially by acetic acid. The solvent cage

would probably not be altered when the N-diazonium ion decomposes to give

a nitrenium ion and nitrogen.,

Cases have been reported in which the Hoffman-Loffler reaction was
used in the attempted preparation of conanines (azasteriods) using a § N
solution of sulfuric acid in acetic acid.59 No product was isolated,

Only starting amine was recovered, The data led to the conclusion that
acetic acid itself might be chlorinated, i.e., it was serving as a source
of hydrogen atoms, It would appear that at least in some instances the
hydrogens in acetic acid have the proper steric requirements for successful

hydrogen transfer to a radical cation.

We feel that in a solution containing benzene and acetic acid,
the latter is probably the source of hydrogen atoms, This would also

explain why no bicumyl was observed when the reaction was run in cumene.

’
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It is harder to dismiss the possiblity of hydride abstraction by a
singlet nitrenium fon, Carbonium ions are known to abstract hydride ions
and the rate increases as the life time of the carbonium ion decreaaes.6o
The carbonium ion also gives substitution products, it is difficult to
picture a nitrenium ion which could abstract a hydride but not react with

nucleophile.

We feel that the bulk of the experimental and literature data indicate
that a triplet nitrenium ion is responsible for the formation of secondary
amine, It is possible, but much less likely, that hydride abstraction

leads to the formation of some of the amine,

9., Conclusion

We propose the following scheme to explain our results:

% : '
RoN-NH _ HONO RoN=N-NO > RN~ NeNN-OH

?1
=-N20 > RoNH
?1
RoN=NaN-OH
Ry
O . |
H RoN-Ne N+
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RyNg + R2+ where Ry=Ph and R,=tert-butyl

R N-N"=N | 1” 3'

singlet triplet

1 ,_ |
R z» SH R §.+ SH R NH oH” R zu
2N —SH > 7 —SH > 23' 2 ————_H20> 2

triplet

To support this scheme, we report the following experimental observations:
(1) Nitrous oxide has been quantitatively trapped and
identifled. In all cases the yleld of nitrous oxlide
Is less than the ylield of secondary amine. At least
two pathways are responsible for formatlon of secondary
amine, only one of which leads to nitrous oxlide
concurrently,

(11) tsolatlion of phenylazide and methy!-tert-butylether
strongly Indicates the formation of an N-dlazonlum lon
in the deamlnatlion of N-tert=butyl=N-phenylhydrazine.
The absence of phenylazide In the other cases Is
expected If the mechanlsm for 1ts formatlon Is
correct.

(111) wWithin the limlits set, no Incoporation of solvent
has taken place to give ring substituted products.

This argues against fhe formation of delocallzed

nétrenlum fons.
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The ondy Intermediate which appears to explain the formation of
secondary amine satisfactorily Is a triplet nitrenium fon. The evidence
in the literature supports the bellef that this type of intermedlate

glves unsubstituted products.

To conclude, this study has:

(1) Reported a cleavage reaction not previously reported.
for 1,1=-disubstitutéd hydrazines.

(t1) Found direct evidence for an N-dlazonlum fon.

(111) Described some of the properties of a non-delocailzed
singlet nitrenium lon-=a species which appears to
have a very short life time.

(1v) Proposed a mechanism for the nltrous acid deamination

of 1,1~disubstituted hydrazines.
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EXPERIMENTAL

1.__Instruments

Infrared spectra were taken on a Perkin Elmer 236 spectrometer, nmr
spectra on a Varlan A60-P spectrometer and HA-100 spectrometer and mass
spectra on a Varlan M66 spectrograph. Quantitative analysls of reactlon
mixtures was done on a Hewlett Packard 5750 gas chromatograph and a
Varlan 1520 Autoprep gas chromatograph. The Varlan Autoprep was also

used for preparatlve purposes.

2. Purlfication of Solvents

Methano! (Fisher Spectronallzed), benzene (Flsher Spectronallzed),
and anhydrous ether were used without further purlfication. Anhydrous
tetrahydrofuran was obtalned by distl11ing Baker reagent grade
tetrahydrofuran from lithlum aluminium hydride uﬁder a btatketblanket
of nltrogen?' Cumene (Eastman yellow label) was purifled by washing
with small portions of concentrated sulfurlc acid unti] the washings
were colorless to llght yellow. The cumene was washed with two 100-m!
portions of water, 100 m! of 10% sodium blcarbonate, 100 ml of water,
drled over anhydrous potassium carbonate, flltered and distilled from

Hthium aluminlum hydride under a statlic blanket of nitrogen, bp

62

151°, 1t. bp 151-52°.

3. Purification of Anilines

N-Methylanl 1ine was obtalned from Aldrich. Prlor to use It was
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distilled from zinc dust, bp 60~61° (3.5 mm), Ilt.63 bp 81-82° (14 mm).
Diphenylamine was obtained from Baker (reagent grade) and used without
further treatment, mp 52°, llt.6u mp 53°.
Simllarly carbazole was commerically avallable and used withiut further

purification, mp 243-46°, llt.65 mp 246°,

L. Synthesis of N-tert-autylanlllne‘66

A 67.0 g (0.354 mol) sample of tert-butyl lodide was combined with
16.5 g (0.177 mol) of anilline (Baker reagent grade). The mixture was
stirred for 12 hr. To the resulting solld mass there was added 200 ml
of a concentrated sodlum hydroxlide solution. The baslc mixture was
extracted with three 250-m] portions of benzene. Benzene was removed
under reduced pressure using a rotary evaporator. Analysls of the crude
mixture by gas chromatography (using the relative peak areas of the
two components) Indlcated the presence of ca. L40% starting anillne. To
the crude mixture there was added 50 m! water and 20.0 ml (0.4 mol)
of acetlc aohydride. The mixture was stirred for 15 min, basiflied
with sodlum carbonate and product Isolated by steam distillatlon.
Vacuum distillation gave a 12.1 g (46%) yleld of N-tert-butylaniline,
bp 30° (0.2 mm), 11£°% bp 97° (19 mm); mur (6DCL3) £ 1.33 (s,9),

3.23 (s,1), 6.73 (m,5); Ir (neat) 3410, 3060, 2980, 750, 695 cm™'.

5. Synthesls of tert-Buty] lodlde67

A 100.0 g (1.35 mol) sample of tert-butyl alcohol (Baker reagent
grade) was combined with 907.2 g (4.00 mol) of 48+50% hydrolodic acld.
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The solution was refluxed for 2 hr. The layers were separated and the
tert-butyl lodide was washed twice with an equal volume of cold concen-
trated hydrochloric acld and dried over sodlum carbonate. A 87.0 g
(32%) yleld was obtalned. The lodide was used without further purlfl-
catlon.

6. Synthesls of N-Nltrqgo-N-Methylanlllne63

A 35.03 g (0.328 mol) sample of freshly distilled N-methylanl!ine
was added to 48.0 ml (0.58 mol) of concentrated hydrochloric acld and
100 g of Ice water was added to the mixture. To the cooled mixture,
there was added a solutlion containing 22.6 g (0.328 mol) of sodium
nitrite In 10000 ml of water. Addition took 15 min. The reaction
mixture was extracted with 200 m! of benzene. The benzene phase was
distilled under reduced pressure to glve a 41.96 g (94%) yleld of
N-nl troso~N-methylani1ine, bp 83°,(1.3 mm), llt.63 bp 133-35°(13 mm);
nmr (coc|3) § 3.45,(s,3), 7550 (m,5); Ir (neat) 3020, 2960, 1600,
820, 760, 690 cn™'.

7. Synthesls of N=Nltroso=N-tert-Butylanlline

A 12.1 g (0.0812 moi) sample of N-tert=butylanl!ine was combined with
8.0 ml (0.096 mol) of concentrated hydrochloric acid and 50 ml water.
The solutlon was cooled to 0° In an Ice-salt bath. To the cooled
sodution there was added, In a 5 min perlod, a solution of 5.61 g
(0.0812 mol) of sodium nitrite in 50 ml of water. The mixture was
stirred for 30 min and then fllitered. The product was washed with water,

alr drled and left overnight In a desliccator contalning phospherous
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pentoxide. There was obtdined a 11.25 g (79%) yleld of N=nltroso-N-tert-

66

butylaniilne, mp 59-60°, 1it. ~ mp 60-61°,

8. Synthesis of N-Nitroso-1,1=Biphenylamine

To a 17.0 g (0.10 mol) sample of 1,1=diphenylamine In 100 m] of bolllng
ethanol, there was added 38.0 ml (0.46 mol) of con:entrated hydrochloric
acld. This mixture was cooled to -5° In an lce-salt bath. To the cooled
mixture, with vigarous stirring, was added 6.9 g (0.10 mol) of sodlum
nitrite In 40 ml of water. Addition took 30 min. The crude product was
Isolated by filtration and recrystallized from petroleum ether to give a
yleld of 16.7 g (83%) of N=nitroso~1,1~diphenylamine, mp 60-61°, llt.68

mp 61°,

9. Synthesis of N-Nltrosocarbazole65
A 17.0 g (0.10 mol) sample of carbazole was dissolved in 250 m! of

glaclal acetic acld. The solutlion was quickly cooled and gave a
precipltate of very fine white crystals of carbazole. To this stirred
mixture there was added 12.0 g (0.15 mol) sodium nitrite In 100 ml of
water. The mixture was cooled In an Ice=salt bath, stirred for 2 hr and
200 m! of water added. The product was transferred to a Bichner funnel,
washed with water and sucked dry to glve a 15.5 g (81%) yleld of N=-
nitrosocarbazole, mp 80-82°, llt.65 mp 82°.

10. _Synthesls of N-Mathyl-N-Phenylhydrg;lne63

To 85.0 g (1.30 g atoms) of zinc dust there was added 100 m] water and

suffictent Ice to lower the temperature to 10-20°. To the stirred mixture
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there was added, over a 30 min period;, a solutlon containing 41.96 g
(0.309 mol) of N-nitroso-N-methylaniline in 80.0 ml (1.38 mol) of glaclal
acetlc acld. Temperature during addition was kept between 10-20° by the
addition of Ice. The reaction was stirred for an additional hour. The
mixture was heated to 80° on a steam bath and filitered hot. The zlnce
residue was washed with three 50-ml portions of warm 6 N hydrochloric
acld. The flltrate was cooled and solid sodium hydroxide pellets added
unti! all the zinc hydroxide initlally precipitated dissolved. The mixture
was extracted with three 200-m] portions of benzene. The benzene was
removed by evaporative distlllation and the residue was distllled under
reduced pressure to glve a yleld of 14.02 g (40%) of N-methyl-N-phenyl-
hydrazine, bp 55-57° (0.35 mm), llt.63 bp 106=09° (13 mm); nmr (CDCI3) 5
300 (s,9), 3.52 (s,2), 6.99 (m,5); Ir (neat) 3420, 3025, 2950, 760, 690 cm .

11. N-tert-Butyl=N=Phenylhydrazine: Method A

AL4.0 g (0.023 mol) sample of N-nitroso=N=tert-butylaniline in 100 ml]
of anhydrous tetrahydrofuran was added slowly to 200 ml of gently refluxing
tetrahydrofuran contalng 1.7 g (0.045 mol) of 1ithium aluminium hydride
(98+%, Alpha Inorganics). The reactlon mixture was refluxed for 16 hr.
Tetrahydrofuran was partlally removed by evaporative distlllation and
excess lithium aluminfum hydride destroyed by the careful addition of
water. The reactlion mixture was flltered and the solld residue washed
with benzene. The benzene phase was removed by evaporative distl1latlion
and the resldue was disttlled to glve a 2.1 g (62%) y;ild of N=tert=butyl-
N=pheny lhydrazine, bp 91-93° (5.0 mm), llt.69 bp h7-h$bg(0.3 mm); nmr X

1.12 (s,9), 334 (s5,2), 7.10 (s,5); Ir (neat) 3325, 3050, 2960, 770, 700 en”'.
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12. Synthesis of N-tert~Butyl-N-Phenylhydrazine: Method B

Tn 500 ml of water there was combined 216.0 (2.0 mol) of phenylhydrazine
(Baker reagent grade), 106.0 g (1.0 mol) of sodium carbonate and 116.0 g
(1.0 mol) of tert-buty!l bromide (Aldrich). The reaction mixture was
stirred for 5 days at room temperature. Materlal bolllng below 100° was
distliled off. The resldue was extracted with three 200-ml portions of
benzene. The benzene was removed by evaporative distillation and the
residue was distilled to glve a 6.92 g (4%) yleld of N=tert=butyl-N=
pheny lhydrazine, bp 91-93° (5.0 mm). Spectral propertlies were Identical

to those of materlial obtalned by method A.

13. Synthesis of I.I-Dlphenylhydrazlne68

A 20.0 g (0.10 mol) sample of N=nitroso-diphenylamine was combined with
32.0 g (0.5 g atoms) of zinc dust and 100 ml of absolute ethanol (Rossville
Gold Shield). The mixture was cooled In an Ice=salt bath. To the cooled
mixture there was added 83.0 g (1.40 mol) of glackal acetic acid over a 2
hr perfod. During the addition of solld the reaction mixture was stirred
vigorously and the temperature kept at 0-5°. The reactlon mixture was
flitered and the filtrate diluted with an equal volume of water. The
aqueous solution was cooled and 500 ml of concentrated hydrochlorlc acid
added glving blue white needles of 1,1-diphenylhydrazine hydrochloride.
The salt was flltered, baslfled with 30% sodium hydroxide solutlion and
extracted with three 150-ml portions of benzena. The benzene was removed
by evaporative distlllation:and the residue was distilled to give a 9.2 g

(50%) yleld of 1,1-diphenylhydrazine, bp 121=23° (0.5 mm), Iit. 68 bp 220°

(40-50 mm); ir (neat) 3320, 3090, 1600, 760, 700 cm".
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14, Synthesis of 9-Amlnocarbazole65

A 10.09 g (0.051 mol) sample of N-nitrosocarbazole was dissolved in
115 m) of ether (previously saturated with water) and 25.0 ml (0.44 mol)
of glaclial acetic acid added. The solution was cooled In an ice-water
bath and 40.0 g (0.62 g atoms) of zinc dust added to the vigorously
stirred solution. The reaction mixture was stirred for 1 hr, flltered and
the zinc: residue washed with ether. Filtrate and ether washings were
combl ned, sflrred with 60 g sodium carbonate, filtered and dried with
calclum chloride. To the ethereal solution 50 ml of concentrated
hydrochloric aclid was added and 6.4 g of the hydrochloride salt was
Isolated by filtration. The salt was dissolved In the minimum amount
of ethanol and the calculated amount (2.0 ml) of concentrated ammonium
hydroxide added. The solution Was cooled and the product precipitated
out. The crude product was transferred to a Biichner funnel, sucked dry
and recrystallzed from ethanol to give a 5.4 g (50%) yleld of 9~-aminocar-

65
bazole, mp 150°, lit. mp 151° (dec); Ir (KBr) 3430, 3025, 1600, 750,

700 cm™!.

15, Nitrosobenzene’9

A mixture of 100.0 m! (0.68 mol) of nitrobenzene (Baker reagent grade)
and a solution of 60.0 g (1.12 mol) of ammonium chloride in 2_/70f water
In a 549 3-necked flask was stirred vigorously, and 149.0 g (2.20 g atoms)
of zinc dust was added in small portions over 5 min periods. After the
additlon of zinc was completed the temperature rose. When the temperature
reached 60-65° enough ice was added to lower the temperature to 50-55°.
Stirring was continued for 20 mirn after the addition of zlnc. The

solution was flltered and the zinc oxide restdues were washed with l.p of
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bol 1ing water. The flltrate and washings (containing phenylhydroxylamine)
are combined In a 8 £ battery jar and quickly cooled to =2-0° by the

addition of Ice. Enough Ice was added to leave approximataely 500 g of lce

unmelted.

To this cooled and vigorously stirred suspension there was added a
solutlon of 300 ml concentrated sulfurlc acld and sufficlient ice to
lower the tempprature to -5°. An lce-cold solution of 68.0 g (0.23 mol)
of sodium dichromate dihydrate In 300 ml of water was added as quickly
as possible Into the stirred mixture. After 2=3 min the yellow preclp!tate

of nitrosobenzene was collected on a Blichner funnel and washed with l,é?of

water.

The reactlion sequence was repeated and the crude nitrosobenzene from
both reactions was combined and steam distilled. The distillate was
collected In a recelver cooled by Ice. The product obtalned was trans-
ferred to a Buchner Funnel and washed with water untll the flltrate was
no longer brown. Product was sucked as dry as possible and then pressed
betwsen layers of fllter paper. The crude nltrosobenzene was flnely
ground In a mortar and recrystalized from a small amount of ethanol
(with good cooling) to glve a 109.0 g (75%) yleld of pure nltrosobenzene,
mp 64-66°, llt.7D mp 64=67°.

16. N-t:ert-lig,t:yl-M-Phewlhydroxzlamlune"8

A mixture of 200 m} of absolute ether and 18.4 g (0.79 g atoms) of

magnesium turnings In a 2 £ 3-necked flask was stirred vigorously and
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10 ml of a solution of 86.0 ml (0.76 mol) of 2-bromo-2-methylpropane in
200 m] of absolute ether was added. The mixture was stirred vigorously
until reaction begins (5-10.m1n) and the balance of the ethereal solution
was added at such a rate as to maintaln a gentle reflux of ether. Stirring

was continued for an additional 30 min after all the alkyl halide had

been added.

To the stirred solution of tert-butyl magnesium bromide there was
added a solution of 36.0 g (0.34 mol) of nitrosobenzene in 500 ml of
absolute ether. The ethereal solution was added as such a rate as to
maintain a gentle reflux of ether. The reactlon mixture was stirred
overnfght and then cooled in an ice-water bath and an ice-water mixture
was added to the reaction mixture. Sufficlent ice-water was added so that
the magnesium hydroxide forms a thick paste and a clsar ether solution
was obtained. The layers were separated and the aqueous fraction was
extracted twice with 200-m1 portions of ether. The combined ether
fractions were dried over calcium chloride, flltered and reduced In
volume under reduced pressure. The concentrated ethereal solution was
cooled In an ice-water bath and extracted three times with 15-ml portions
of ice-cold 1 N hydrochloric acid solution. The aqueous layer was
quickly basified with a 50% sodium hydroxide solution and then extracted
with three 200-ml portions of ether. The combined ether extracts were
dried over calcium chloride, filtered and concentrated under reduced
pressure to give a solid residue of crude hydroxylamine. Crude product
was transferred to a sublimator and sublimed at 50° and 0.05 mm. The
sublimed material was collected, transferred to a Buchner funnel, washed

with a small amount of petroleum ether (cooled to -72° tn a dry-ice~2-
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propanol bath) and sucked dry to give 1.1 g (2%) of pure N-tert-butyl-N-

pheny 1hydroxylamine, mp 115-17°, Ilt.7' mp 115-17°.

17. N-tert-Butyl-p-AnlsldineZI

A mixture of 12.5 g (0.084 mol) of p-anisidine hydrochloride and 25 ml
of tert-butyl adcohol was sealed In a steel bomb and heated for 24 hr,
The bomb was cooled to -72° in a dry-ice-2-propanol bath and opened.
The reactlion mixture was dissolved in 250 ml of water, made basic with
aqueous ammonium hydroxide solution and extracted with three 200-ml
protfons of ether. Ether extracts were combined, dried over anhydrous
magneslum sulfate, filtered and concentrated under reduced pressure to
leave a red oi1. To the oll there was then added a solution of 5 g of
acetic anhydride in 75 ml of water and stirred for 3 hr. Excess sodium
bicarbonate was added, and the mixture was steam distilled until the

distillate was neutral to lithmus paper.

The distillate was extracted with three 100-ml portions of ether. The
ethereal extracts were combined, dried over athydrous magnesium sulfate,
fractionally distilled to give a 3.2 g (21%) yield of pure N-tert-butyl-p-
anisidine, Bp 59° (0.09 mm), llt.2| bp 54-56° (0.05 mm); nmr (CDCIB)

1.52 (s,9), 3.25 (s,1), 4.00 (s,3), 7.05 (s,5).

18. O-Acetyl-N-tert-But;y,l-N-Phe:nylhydroxylamlnel’9

A mixture of 2.07 g (10.0 mmol) of N-tert=-butyl=-N-phenylhydroxylamine,
0.83 m! (10.2 mmol) of pyridine and 25 m]l of absolute ether was cooled In

an Ice-water bath and a similarly cooled solution of 0.72 ml (10.1 mmol)
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of acetyl chloride In 25 ml of absolute ether added to it. The reaction
was kept at 0° for 48 hr. The reaction mixture was washed with two 50-ml
portions of lce-cold 1 N hydrochloric acld solutfon and two 50-ml portlons
of lce~cold 10% sodlum hydroxide solutfon. The acldic aqueous solutfion
was basifled with 10% sodlum hydroxide solution and starting hydroxylamine
precipitated out. This material was collected on a Bighner funnel, washed

with water and sucked dry to glve 0.41 g (20%) of recovered starting

material.

The ethereal solution was drled over anhydrous sodium sulfate, flltered
and concentrated under reduced pressure to a dark oll. The oll was
recrystallzed by adding five times Its volume of petroleum ether, cooled
in an dry-ice-2-propano} bath, filtered, washaed with cold petroleum ether,
cooled to -72°and sucked dry to glve 0.89 g (54%) yleld of pure O-acetyl
compound, mp 35-37°; nmr (COC15) & 8.77 (3,9), 7.90 (s,3), 2.68 (s-broad, 5);
Ir (neat) 2960, 1790, 800, 695 cn .

19. Attempted Synthesis of O-Methyl=tert=Butyl=N-Phenylhydroxylamine 72

A mixture of 1.04 g (6.4 mmol) of N-tert-butyl-N-phenyhydroxyiamlne.
75 m1 of ethanol and 75 ml of 20% sodium hydroxide solution was cooled
and 1.40 m! (15.0 mmol) of dimethy! sulfate (Eastman practical grade)
was added. The heterogenous mixture was stirred and heated at 37°for 24
hir. The reaction mixture was di luted with 500 ml water and extracted with
three 100-m! portions of ether. The combined extracts were washed twice
with an equal volume'of water, drled over anhydrous sodium carbonate,
flitered and concentrated under reduced pressure to give 0.77 g (81%)

of a red oll whose nmr and ir spectra were ldentical to that of authentlc
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N-tert-bugylaniline.

20. 0-Méthyl-N-tert=-Butyl=N=~Phenylhydroxylamlne

A 0.0756 g (0.63 mmol) sample of potassium hydride (33% oll dispersion)
was placed In a sintered glass funnel and washed with two-50-ml portions
' of dry hexane, sucked dry under an atmosphere of dry nitrogen, transferred
with 50 ml of dry methy! sulfoxide Into a flask and 0.0981 g (0.55 mmol)
of N-tert-butyl=N-phenylhydroxylamine added. To this oll frees solution
there was added 0.17 ml (1.02 mmol) of dimethyl suifate. Upon addition

of dimethyl sulfate, the reaction mixture turned red. The mixture was
let stand at room temperature for 30 min, then diluted with 500 ml water
and extracted with three 100-ml portions of ether. The combined ethereal
extracts were extracted twice with 50-ml portions of Ice-cold 1 N hydro-
chloric acid solutlon, twice with equal volumes of water, drled over
anhydrous sodium carbonate, filtered and concentrated under reduced
pressure to glve a red oll. The red oll was purlfied by molecular
distillation at 0.10 mm and 20° to give 00357 g (36%) of a red liquld
contalng O-methyl=N-tert=butyl=N~phenylhydroxylamine, nmr (CDCIB) J‘

8.88 (s,9), 6.55 (s,3), 2.73 (s~broad, 5); Ir (neat) 2970, 1205,

770, 700 cm .

The nmr spectrum of this llquld Indlcated the presence of several
unidentified minor components. The ratlo: of aromatic to methoxy
protons was 47:25. The expected ratio Is 47:28 (5:3) and the purlty
Is equal to é& X 100 = 90%.
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21. Synthesis of Blcumyl

A mixture of 100 m! of purified cumene and 6.0 g (0.041 mol) of
di-tert=butyiperoxide was heated at reflux for 18 hr. The bulk of the
cumene and tert-butanol was distllled off at atmospheric pressure. The
residue was cooled In an Ice~water bath and 10 ml of ethanol added. The
addition of ethancl precipitated out the product. Product was collected
on a Biichner funnel, washed with cold ethanol and sucked dry. A 5.5 g
(57% based on peroxide used) yleld of bicumy! was obtalned, mp 113-14°,
e mp 115°,

22, Synthesls of Methy! tert-Butylether7u

in a 500 ml 3-mecked flask equiped with an addition funnel, a
fractlion cutter and a thermometer, there was combined 100 ml of water,
10 m1 of concentrated sulfuric acld and 30.0 ml (0.74 mol) of methanol.
The mixture was heated to 70° and 35.0 m] (0.37 mol) of tert=butyl
alcohol added in 5 ml portions over a 30 min perlod. The temperature
of the reaction vessel was kept at ca. 70° so that only the ether
distilled off (49-50°). The product was slowly collected in this
manner over a 3 hr perlod. The product was washed ten times with 10-m}
portions of water. The organic phase was dried over sodium carbonate
and distilled to give a 3.63 g (6%) yleld of methyl tert«butylether,
bp 54-56°, e J* bp 55°3 nmr (mc13) §1.15 (s,9), 3.22 (s,3); mass
spectrum'm/e (relative Intensity) 87(2), 74(2), 73(40), 59(4), 58(1),
57(25), 56(k), 55(5), 45(15), 44(2), 43(48), 42(10), 41(100), LO(6),
39(35), 31(18). The parent peak (88) was of the same magnltude as the

background noise.
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23. Product Analysis by Gas Chromatograph

The products obtained In the reactions of N-methyl-N-phenylhydrazine,
N-tert=butyl-N=-pheny lhydrazine and 1,1=diphanylhydrazine with Isoamyl=-
nitrite and acid ware separated using 2 Varlan 1520 Autoprep and a Hewlett
Packard 5750. Product mixtures contained components of widely varying
volatility. The resulting large differences In retention times made
Isothermal operation of the gas chromatograph Impractical in the analysis
of N-methy!~N-phenylhydrazine and N-tert=butyl=N-phenylhydrazine product

mixtures. Sharp peaks and reasonable retention times were obtalned

using temperature programming.

The 1, 1-diphenylhydrazine system was analyzed wsing a solld support
consisting of 5% by welght potassium hydroxide on chromosorb/W (HP),
the llquld phase was 5% by welght carbowax 20 M.

The N-methyl=N-phenylhydrazine and N-tert-butyl=N-phenylhydrazine
reaction mixtures were analyzed on 5'X4" aluminlum column packed with
20% SE-30 on Dlataport S. Sultable conditlons were not found to effect
a successful gas chromatographlc separatlion of the compounds obtalned from
the deamination of 9-aminocarbazole. Sclld supports and liquid phases

were obtained from Varlan Aerograph.

The quantitative determination of each component was made by the

method of Internal standatds. The analyses were carried out In the

following manner:

A callbration mixture contalning a known welght of standard
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(naphbhalene or chlorobenzens) and each of the expected componmests
was prepared In 1.00 ml of benzene. The callbration mixture was
analyzed under the same conditions as the reaction mixture. An
Intergration constant (Kx) was determined for each component in

the mixture using the féllowing formula:

s - )

Where Ax was the area of the peak of compound x In the calibration
mixture, As the area of the Internal standard peak, Wx the welght
of the compound x In the callbration mixture and Ws the welght of
the internal standard In the callbratlon mixture. Several call-

bration mixtures were prepared and an average Intergration con-

stant (Kx) obtalned.

A knewn amount of standard was added to a previously worked up reaction
mixture. The mixture was chromatographed and the welght of each component

obtained by solving for Mx in the formula previocasly given. Ylelds were

obtalned from the welght.

2li., cConditlons for Gas Chromatographlc Analysis of Reactlon MIxtures

A. N-Methyl=N-Phenylhydrazine Reaction Serles
Analyzed using a. 5&ait aluminlum column packed with 20% SE-30 on

Diataport S using the following Instrument parameters:
Injection port temperature 200;, carrler flow 60 cc/min,
column temperature (Programming) Initial temperature 110°

held 3 min, and then ralsed 10°/min untl] column reached

150° and hald there.
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B. N-tert-Butyl-N-Phenylhydrazine Reactlon Serles

Analyzed using same column as methyl series. Also Injection port
and flow conditions Identical. Column temperature (Programming) held

at 110° for 3 min then ralsed 10°/min untll colimn reaghed 160° and held

there.

C. 1,1=Diphenylhydrazine Reactlion Serles

Analyzed on a 6'X}" aluminium column packed with 5% carbowax 20 M
and 5% potasslum hydroxide on chromosorb/W (HP) using the following
conditlons:

Injection port 250°, carrler gas flow 100 cc/min and

column (Isothermal) at 190°,

Table X

Relaetive Retentlon Times? Obtalned In a
Typlcal Gas Chromatographlic Analysis:

N-tert=Butyl=N=Phenylhydrazine Reaction Serles

‘Betention Time Peak Width at
Compound (min) Half Helght (min)
Chlorobenzeneb 1.57 0.27
Phenylazide 3.73 0.54
N-tert~Butylani!line 5.68 0.40
N-tert-Butyl=N=-Phenylhydrazine 7.36 0.62
Other®

a. Relative to alr.
b. Internal standard.

c. Unknown small peaks at 8.47, 9.95 and 11.04.
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Table X|

Analytical Data Obtained In a Typlcal
Gas Chromatographlc Analysis:
N=tert-Butyl=N-Pheny lThydrazine Reactlion Serles
1) Callbration Mixture

Welght of Area fAx)® Welght (Ws b lntergratlon

Compound Sample (q) Ratlo Ratlo Constant 5
Chlorobenzene 0.0436 e wnmm- -
Phenylazide 0.0438 1.18 0.995 1.17
N-tert-Buty!-

anliine 1.0363 1.04 1.20 1.25
N=tert=Butyl=N-
pheny lhydrazine  0.0376 0.535 1.16 0.620

a, Ax = area of component
As = area of standard

b. Wx = welght of component
Ws welght of standard

“ K -(ﬁ:s)(wx)

Table X1

Analytical Data Obtained In a Typlcal
Gas Chromatographic Analysis
N-tert=Buty|=N=Pheny lhydrazine in
Methanol/Acetic Acld/Lithium Acetate

2) Reactlon Mixture

Welght ofn
Componen
Area {A;? Ws b
Compound Ratlo Yield (%)

Phenylazide 0.140 5
N-tert=Butylani 11ne 0.64h 25 6 19
Netert=Butyl=N~

Phenylhydrazine 1.04 85.4 57

a. Based on 49.3 mg of added Interna! standard (shlorobenzene).

b. Based on 149.9 mg (0.91 mmol) of starting hydrazine.
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25. lsolatlion Procedures

The products obtalned from reactions run in the same solvent were

Isolated iIn the sams manner.

A. Benzene

At the conclusion of the reaction time the mixture was basifled by
the additlion of 2 g of anhydrous sodium carbonate. The mixture was stirred
over sodium carbonate for 3060 min. The benzene phase was decanted and
the sodium carbonate dissolved in a small amount of water and extracted
with two 25-m1 portions of benzene. The benzene fractions were comblned
and the volume reduced to approximately 5 ml by distillation on a steam
bath using a 10 cm column packed with glass helices. The internal

standard was added and the mixture analyzed by gas chromatography.

B. Methanol

The reaction mixture was baslified as previously described. The methanol
phase was decanted and the sodlum carbonate was washed twice with small
volumes (10-20 m1) of methanol. The methanol fractlons were combined and
300 m! of water added. The aqueous solution was extracted flve times
with 50-ml portions of benzeme. The benzene phase was washed twice with
an équal volume of water and reduced In volume and analyzed by gas

chromatography as previously described.

C. n-Butano!

Procedure was ldentical to that used for methanol.
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These procedures were used for the methyl, tert-butyl and pheny!
serles which were analyzed by gas chromatography. The 9=aminocarbazole
reaction series was analyzed by isolatingthe products. Isolatlion

procedures were modified as described below.

D. 9-Amlnocarbazole

Isclation procedures were identical to those described above
except that the benzene solution contalning the product mixtures was
first dried by azeotropic distillation of water and then the volume
reduced to 75 mi. HCl gas was slowly bubbled through the benzene
solution for 300 sec where upon a white solld precipitated. The
hydrochloric salt was dissolved In 50 ml of water. The benzene phase
was separated and washed with 25 ml of water. The benzene phase
containing neutral material was concentrated to dryness under reduced
pressure using a rotary evaporator. The residue was transferred to a
seml-micro sublimator and sublimed at 60° and 0.1 mm. Materlal was

obtalned whose melting polnt and Infrared spectrum indicated It was

carbazole.

The aqueous phase containing basic materlal was cooled In an
ice-salt bath and basified with a concentrated sodium hydroxide solution
and extracted with two 25-ml portions of benzene. The benzene was
removed under reduced pressure to glve a crystalline resldue whose

melting point and Infrared spectrum Indicated It was 9-aminocarbazole.
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Table XI11

Results Obtalned In a Typical Isolation
Procedure: 9-Aminocarbazole In
Benzene/Acetic Acld/fLithium Acetate

Compound Watght Yield (%)® mp_(°)
Carbazole 56.1 36 242-45
9-Aminocarbazole 79.8 50 148-50

a. Based on 161.2 mg (0.88 mmol) of starting hydrazine

In subsequent descriptions the phrase 'products Isolated" will mean

one of the procedures described In this section.

26. Proof of Structure
The products obtalned In the deamination of N-methyl=N=phenylhydrazine,

N-tert=butyl=-N-phenylhydrazine and 1,1-diphenylhydrazine were Isolated as
follows:
A deamination reaction run In methanol/HBFh was concentrated
to a volume of ca. 0.5 ml by evaporating the excess benzene
with a stream of dry nitrogen. The compounds were Isolated
using a Varlan 1520 Autoprep. Infrared spectra were taken
of the following trapped materlals and compared to spectra
of authentic materlals:
N-Methylaniiine
N-tert=-Butylaniline
Diphenyiamine
N-Methyl=N=Phenylhydrazine
N~tert=Butyl=N-Phenylhydrazine

1, 1=Diphenylhydrazine
N-Nitroso=NoMethylanl line
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In other solvents a peak with the same retention time as a samplexof

authentic materlal was assumed to be Identlical to the authentic sample.

The following were isolated as prévéously described and 1dentifled

by their melting points and Infrared spectra:

Carbazole
9-AmInocarbazole

A, Phanzlazlde75
It was flrst ldentified by Its relative retention time. Phenylazide

was unstable to high temperatures and decomposed on the vpc detector
(300°). The peak with the same retention time as authentlc phenylazide
was collectdd and an Infrared spectrum taken. The spectrum of the
decomposed material was Identical to that obtalned from authentlc

phenylazide which had been Injected and collected under ¥dentical

conditions.

The reaction mixture obtalned from the deamination of N-tert-butyl-
N-phenylhydrazine In benzene was concentrated by rotary evaporation. A
drop was put on a salt plate and any further traces of solvent were
removed by evaporatfon. An Infrared spectrum was taken of the residue.

The spectrum contafned a strong doublet at 2090 cm". A peak In this

reglon has been shown to be characteristic for azldos.76

27. Nitrous Oxide¥ Isolation and Analysls

Authentic nltrous oxide was obtalned from Matheson. Samples of

gas were obtained by the displacement of water In a graduate cylinder
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whose bottom had been cut and replaced by a rubber septum. Samples were

removed through the septum with a gas tlight syringe.

The ldentification and analysis of nitrous oxfde was done by Infrared
spectroscopy. Nltrous oxide has Intense peaks at 1300 and 2250 cm-l.
Thesexpeaks were used for the quantltative determinatlion of nitrous
oxide. Nltrous oxide does not follow Beer's Law and callbration curves
were needed (Fig 1 and 2). (Note: It was necessary every 6-8 weeks to

plot new callbration curves.)77

Spectra were taken by injecting known volumes of nltrous oxide Into
a 10.0 cm gas cell which had been previously evacuated to less than 1.0 mm.
The cell was brought to atmospheric pressure by syringing In alr. Infrared
spectra were taken of knswn volumes In thls fashion and absorbance was

plotted agalnst volume.

A vacuum system was devised for the quantitative trapping of nltrous
oxide (Flg 3). A 250 ml flask contalning a magnetlc stirring bar was
connected to the wacuum 1l&e at male joint A with stop cock | closed.

The line was evacuated to h'or better with a two stage mercury diffusion
pump. Trap B was cooled In llquld nltrogen and the reactlon flask In dry-
lce=2=propanol. The reactlion wos slowly evacuated and condenslble
material was trapped In B. Stopcock | was closed and the reactlon flask
warmed up to room temperature wlth stirring. The flask was then cooled

to -72° and evacuated. Freeze-thaw cycles were continued untll the
vacuum gauge showed llttle or no change when stopcock | was opened.

Three cycles were usually necessary to get complete degassing. Condensible
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material was then In trap B. Trap B was warmed up to room temperature
and brought back to atmospheric pressure by Introducing alr through a
septum at socket C. The trap was equllibrated overnight. Gas was
transferred from trap B to an evacuated (less than 1.0 mm) Ir gas
cell, connected to the trap at polnt C. The gas cell was brought to

atmospheric pressure and a spectrum taken of the gaseous products.

From the known volumes of gas cell and trap It was possible to
calculate what fraction of trapped gas was transferred to the Ir cell.
The volume of the gas cell was calculated to be 152 ml. Trap B was
filled completely with water and Its contents welghedi It had a

volume of 194 ml. Hence % transfer was equal to:

%%XIOO-A-M%

It was necessary to gauge the trapping efficiency of the vacuum
line. This was done as follows:

In a 250 m! flask there was put 50.00 ml of benzene and a magnetic

stirring bar. The flask was covered with a septum and 5.00 m!

of authentic nitrous oxide Introduced through the septum with a

10 m! gas tlight syringe. The solution was frozen In a dry-ice-

2-propanol bath and the flask was attached to the vacuum lline

at point A. The partled! vacuum In the flask prevents gas

from escaping when the septum was removed prlor to attachment

at point A. The flask wasddegassed and an Ir spectrum taken

of the condensed materlal.
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A. Sample Calculation: Trapping Efficiency in Benzene

Absorbance at 2250 em™! = 0.68

Volume from callbratlon curve = 1.9 ml

Percent recovery = 1.9 X 100 = 86%
5.0)(0.

This was repeated and trappling efficliences of 80-90% obtained for
benzene. Values for alcohols were 90-100% recovery. Reactlon mixtures

were degassed and analyzed in this manner.

B. Sample Calculation: Nltrous Oxide Obtained from the Deaminatlon of

N-tert-Butyl-N-Phenylhydrazine in Benzene/Acetic Acid/Lithlum Acetate

Absorbance = 0.45
Volume from callbratlion curve = 0.65 ml

Total volume = 0.65 = 1.48 ml

OI
Volume of 1.0 mmol of N,0 at 20°C = /22.4 mi 298°K] = 24.4 m)
2 ( mmob(Z?B K) mmo |
Volume for 100% yield of N,0 = (24.14 ml ) (0.93 mol) - 22.7 ml
mmo

Percent Yteld = 1.48 X 100 = 7%
22.7

In the descriptions of reaction conditions the phrase ''gaseous products
collected and analyzed' wl 1] mean procedures described In this section

have been followed.

28. Deamination of N-Methyl-N-Phenylhydrazine: Methanol/HBFl+

in a 250 ml flask there was combined 0.2191 g (1.79 mmol) of

N-methy 1=N-pheny lhydrazine, 0.2421 g (1.96 mmol) of isoamylnitrite
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Figure 1

Absorbance of Nitrous Oxide at 2250 cm™'
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Figure 2
Absorbance of Nitrous Oxide at 1300 cm
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(Eastman yellow label - 95% minimum purity), 1.00 m! (12.0 mmol) of
fluaroboric acld (50% - 12 M our analysis) and 50.00 m! of reagent grade
methanol. The solution was cooled in a dry-lce~2=propanol bath and
deaerated by bubbling dry nitrogen through the solution for 5 min. The
solution was evacuated to a pressure of 0.5-1.0 mm and then heated for
20 hr at 50:2° in an oll bath. Gaseous products were collectedaand
analyzed. The reaction mixture was basifled with 2 g of anhydrous
sodlum carbonate. Products Isolated and analyzed by gas chromatography

with the following results.

Table XIV

Product Yields for the Deamination of
NaMethy 1=N=Pheny lhydrazine In

Methanol/HBFh
Compound Yield (%)
Phenylazlde trace
N=-Methylaniline 35
N-Methy1-N-pheny thydrazine 4o
N-NItroso-N-methylani 1lne g

Nitrous Oxide

29. Deamination of N-Methyl-N-Phenylhydrazine: Methanol/Acetic Acld/

Lithium Acetate

In a 250 m1 flask there was combined 0.2200 g (1.80 mmol) of N-methyl-
N-phenylhydrazine, 0.241 g (1.97 mmol) of lsoamylnitrite, 12200 g of
lithfum acetate, 0.68 m! (12.0 mmol) of glaclal acetic acid and 50.00 mi
of methanol. The solution was cooled In a dry-ice-2-propanol bath and
deaerated by bubbling dry nitrogen through the solutlon for 5 min. The

solution was evacuated to a pressure of 0.5-1.0 mm and then heated for
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20 hr at 50%2° in an ofl bath. Gaseous products were collected and
analyzed. The reactlion mixture was basifled with 2 g anhydrous sodium
carbonate; products Isolated and analyzed by gas chromatography with the

following results.

Table XV

Product Ylelds for Deamination of
N-Methy | =-N-Pheny lhydrazine in
Methanol/Acetic Acld/LIthlum Acetate

Compound Yield
N-Methylanl line 20
N-Methy 1-N-pheny lhydrazlne 51

10

N-Nltroso-M-methylanl line
Nitrous oxide

30. _Deamination of N-Methyl-N-Phenylhydrazine: Benzene/Acetic Acld/

Lithlum Acetate
In a 250 ml flask there was combined 0.2196 g (1.80 mmol) of N-methyl-

N-pheny lhydrazine, 0.2391 g (1.9% mmol) of Isoamylnitrite, 0.20 g of
lithlum acetate, 0.68 m! (12.0 mmol) of glaclal acetic acid and 50.00 ml
of benzene. The solution was deaerated by bubbling dry nitrogen through
it for 5 min. The solution was frozen in a dry=~ice-2-propanol bath and
evacuated to a pressure of 0.5-1.0 mm. The reactlion mixture was heated
for 20 hr at 50%2° In an oll bath. Gaseous products were collected and
analyzed. The reaction mixture was basifled with 2 g of anhydrous

sodlum carbonate and products isolated and analyzed by gas chromatography

with the following results.
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Table XVi

Product Yields for Deamlination of
N-Methy | =N-Pheny lhydrazine in
Benzene/Acetic Acld/Lithlum Acetate

Compound Yield (%)
N-Methylani line 50
N-Methy 1-N=pheny lhydrazine 4
N-NItroso-N-methylani 1ine 3
Nitrous oxlde 9

31. Deamination of N-Methy!l=N-Phenylhydrazine: n~Butanol/Acetic Acld/

Lithium Acetate
In a 250 ml flask there was combined 0.2187 g (1.80 mmol) of Némethy!-

N-pheny lhydrazine, 0.2407 g (1.96 mmol) of Isoamlynitrite, 1.00 g of
1ith8um acetate, 0.68 m1 (12.0 mmol) of glaclal acetic acid and 50.00 ml
of n-butanol. The solution was cooled In a dry-ice-2~propanol bath and
deaerated by bubblling dry nltrogen through the solution for 5 min. The
solutlon was evacuated to a pressure of 0.5~1.0 mm and heated for 20 hr
at 50%2° In an ol) bath. Gaseous products were collected and analyzed.
The reaction mixture was basifled with 2 g of anhydrous sodium carbonate;
products Isolated and then analyzed by gas chromatography with the
following results.
Table XVI|
Product Yields for Deamination of

N-Methy1=N=Pheny lhydrazine In
n=Butanol/Acetlc Acld/Lithium Acetate

Compound Yield (%)
N-Methylanlline 22
N=Methy l1-N=pheny lhydrazine 50

12

N=NItroso-N-methylani line
1

Nitrous oxlde
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32. Deamination of N-tert-Butyl-N-Phenylhydrazlne: Methanol/HBﬁu

In a 250 ml flask there was combined 0.1500 g (0.91 mmol!) of N-tert=
buty1-N-pheny lhydrazine, 0.1261 g (1.02 mmol) of Isoamylinitrite, 0.50 ml
(6.00 mmol) of fluoroboric agl@ qnq‘ZS.OO ml of methanol. The solution
was cooled In a dry-lce-2-propanol bath and deaerated by bubbling dry
nitrogen through the solution for 5 min. The solution was evacuated to
a pressure of 0.5'«1.0 mm and then heated for 20 hr at 50%2° In an ol
bath. Gaseous products were collected and analyzed. The reaction
mixture was basifled with 2 g of anhydrous sodium carbonate} products

Isolated and analyzed by gas chromatography with the following results.

Table XVIII

Product Yields for Deamination of
N-tert-Buty |-N-Pheny lhydrazine in

Methano1/HBF),

Compound Yield (%)
Phenylazide 3
N-tert-Butylanlline 31
N-tert-Butyl=N-phenylhydrazine 60
Nitrous oxlde 8

33. Deamination of N-tert-Butyl~N-Phenylhydrazine: Methanol/Acetic Acld/

Lithium Acetate

In a 250 ml flask there was combined 0.1499 g (0.91 mmol) of N-tert-
butyl-N-phenylhydrazine, 0.1238 g (1.01 mmol) of IsoamyInitrits, 6.00 g
of 1ithium acetate, 0.34 ml (6.0 mmol) of glaclal acetlc acld and 25.00
m! of methanol. The solutlon was cooled In a dry-lce-2-propanol bath
and _deaerated by bubbling dry nitrogen through the solutlion for 5 min.

The solutlon was evacuated to a pressure of 0.561.0 mm and then heated
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for 20 hr at 50%2° In an ol bath. Gaseous products were collected and
analyzed. The reaction mixture was basified with 2 g of anhydrous
sodlum carbonate; products Isolated and analyzed by gas chromatography

with the followlng results.

Table XIX

Product Ylields for Deaminatlon of
N-tert=-Butyl-N-Phenylhydrazine In
Methanol/Acetic Acid/LIthlum Acetate

Compound Yield (%)
Phenylazide 5
N-tert=-Butylaniline 19
N-tert=-Buty |-N~pheny lhydrazine 57
Nitrous 6xide 9

34. Deamination of N-tert-Butyl=N-Phenylhydrazine: Benzene/Acetic Acld/

Lithlum Acetate
In a 250 ml flask there was combined 0.1523 g (0.93 mmol) of Natert-

buty1-N-pheny lhydrazine, 0.1299 g (1.05 mmol) of Isoamyinitrite, 0.20 g
of lithium acetate, 0.34 m! (6.0 mmo!) of glaclal acetlc acid and 25.00 m!
of benzene. The solution was deaerated by bubbling dry nltrogen through
It for 5 min. The solution was frozen In a dry~ice-2-propanol bath and
evacuated to a pressure of 0.5-1.0 mm. The reaction mixture was heated
for 20 hr at 50%2° in an ol bath. Gaseous products were collected and
analyzed. The reaction mixture was basifled with 2 g of sodlum carbonate.

Products were Isolated and anlyzed by gas chromatography with the following

results.
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Tabls XX

Product Yields for Deamination of
N-tert-Butyl~N-Phenylhydrazine In
Benzene/Acetic Aclid/Lithlum Acetate

Compound Yield (%)
Phenylazide 8
N-tert-Butylaniline 28
N-tert-Butyl=N-phenylhydrazine : 51
Nitrous oxlde 7

35. Deamination of N-tert-Butyl-N-Phenylhydrazine: n=Butanol/

Acetic Acld/Lithium Acetate

In a 250 m! flask there was combined 0.1439 g (0.88 mmol) of N-tert-

butyl=N-pheny lhydrazine, 0.1204 g (0.98 mmol) of !soamylnitrite, 0.50 g of
lithlum acetate, 0.34 m! (6.0 mmol) of glaclal acetic acid and 25.00 mlof
n-butanol. The solution was cooled In a dry~lce=2~propanol bath and deaer-
ated by bubbling dry nltrogen through the solution for 5 min. The solution
was evacuated to a pressure of 0.5-1.0 mm.and heated for 20 hr at 50%2° in
an ol ] bath. Gaseous products were collected and analyzed. The reaction
mixture was baslifled with 2 g of anhydrous sodlum carbonate. Products

were Isolated and analyzed by gas chromatography with the following results.

Table XXl

Product Yields for Deamination of
N-tert=~Butyl=N=-Phenylhydrazine In
n-Butanol/Acetic Acid/Lithium Acetate

Compound Yleld (%)
Phenylazlde 7
N-tert-Butylaniline 27
N-tert-Butyl=-N-phenylhydrazine 57
Nitrous oxide 9
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36. Deamination of 1,1-Diphenylhydrazine: Methanol/HBF

In a 250 m! flask there was combined 0.3312 g (1.80 mmol) of
!, 1-dIpheny lhydrazine, 0.2435 g (1.97 mmol) of Isoamylnitrite, 1.00 m!
(12.0 mmol) of fluoroboric acld and 50.00 ml of methanol. The solution
was cooled In a dry-ice~2-propanol bath and deaerated by bubbling dry
nitrogen through the solution for 5 min. The solution was evacuated to
a pressure of 0.5-1,0 mm and then heated for 30 min at 5012° in an ol!
bath. Gaseous products were collected and analyzed. The reaction mixture

was basifled with 2 g of anhydrous sodium carbonate. Products were

Isolated and analyzed by gas chromatography with the following results.

Table XX11

Product Ylelds for Deamination of
1,1-Diphenylhydrazine in

Methano1/HBF,

Compound Yiold (%)
Diphenylamine 53
1,1-Dipheny lhydrazine 34

13

Nitrous oxlde

37. Deaminatlon of 1,1-Diphenylhydrazine: Methanol/Acatlic Acld/

Lithium Acetate

In @ 250 m! flask there was combined 0.3363 g (1.83 mmol) of
1,1-dipheny lhydrazine, 0.2400 g (1.94 mmol) of Isoamyinitrite, 12.00 g
of 1ithium acetate, 0.68 m! (12.0 mmol) of glacial acetlc acid and
50.00 m] of methanol. The solution was cooled In a dry-lce-2-propanol
bath and deaerated by bubbling dry nltrogen through It for 5§ min. The
solution was evacuated to a pressure of 0.5-1.0 mm and then heated for

4 hr at 50%2° in an ol1 bath. Gaseous products were collected and
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analyzed. The reaction mixture was basifled with 2 g of anhydrous sodium
carbonate. Products were Isolated and analyzed by gas chromatography

with the following results.

Table XXI111

Product Ylelds for Deamlnatlon of
1,1-Diphenylhydrazine in
Methanol/Acetlc Acld/Lithium Acetate

Compound Yield
Diphenylamline :; - ; 33
1,1-Dipheny lhydrazine L7
Nitrous oxide 7

38. Deaminatlon of 1, l=Diphenylhydrazine: Benzene/Acetlc Acld/

Lithlum Acetate

In a 250 m] flask there was combined 0.3359 g (1.83 mmol) of
1,1-dlpheny lhydrazine, 0.2430 g (1.89 mmol) of Isoamylnitrite, 0.20 g
of lithlum acetate, 0.68 m! (12.0 mmol) of glacial acetlc acld and
50.00 ml of benzene. The solution was deaerated by bubbling dry nitrogen
through the solution for 5 min. The solution was frozen In a dry-lce-2-
propanol bath and evacuated to a pressure of 0.5~1.0 mm. The reaction
mixture was heated for & hr at 50%2° in an oll bath. Gaseous products
were collected and andlyzed. The reaction mixture was baslfled with 2 g
of sodlum carbonate. Products were Isolated and analyzed by gas

chromatography with the following results.
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Table XXIV

Product Ylelds for Deamination of
1, 1-Diphenylhydrazine In
.Benzene/Acetic Aclid/LIithium Acetate

Compound Yield (%)
Diphenylamine 28
68

1,1=Dipheny lhydrazine

Nitrous oxlde 12

39. Deamination of 1,1-Diphenylhydrazine: n-Butanol/Acetic Aclid/Lithlum

Acetate

In a 250 m! flask there was comined 0.3382 g (1.84 mmol) of
1,1-dipheny lhydrazine, 0.2409 g (1.98 mmol) of Isoamylnitrite, 1.00 g
of 1ithlum acetate, 0.68 m! (12.0 mmol) of glaclal acetlic acld and
50.00 m! of n-butanol. The solution was cooled In a dry-ice-2-propanol
bath and deaerated by bubbling dry nitrogen through the solution for
5 min. The solution was evacuated to a pressure of 0.5-1.0 mm and
heated for 4 hr at 50%2° In an oll bath. Gascous products were
collected and analyzed. The reaction mixture was basiflied with 2 g

of anhydrous sodium carbonate. Products were Isolated and analyzed by

gas chromatography with the following results.

Table XXV

Product Ylelds for Deamination of
1, 1~Diphenylhydrazine in
n-Butanol/Acetic Acld/Llithlum Acetate

Lompound Yield
Diphenylamine 34
1, 1-Dipheny lhydrazine 52

Nitrous oxlde 10
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4O. Deamination of 9-Aminocarbazole: Hethnnol/HBFh
In a 250 m1 flask there was combined 0.1644 g (0.90 mmol) of

9~aminocarbazole, 0.1230 g (1.05 mmol) of iscamylinitrite, 0.50 ml

(6.0 mmol) of fluoroboric acld and 25.00 ml of methanol. The solution
vwas cooled In a dry-ice-2-propanol bath and deaerated by bubbling dry
nltrogen through the solutlion for 5 min. The solution was evacuated
to a pressure of 0.5-1.0 mm and then heated for 20 hr at 50%2° in an
ol 1 bath. Gaseous products were collected and analyzed. The reaction
mixture was basifled with 2 g of anhydrous sodium carbonate and

products were Isolated with the foiiowlng results.

Table XXVI

Product Yields for Deamination of
9-Aminocarbazole In

Methanol/HBFh
Compound Yield 1}!
Carbazole 27
9~Amlnocarbazole 58

Nitrous oxlde

k1. peamination of 9-Aminocarbazole: Methanol/Acetic Acid/Lithium Acetate

In a 250 m! flask there was combined 0.1622 g (0.89 mmo!) of
9-aminocarbazole, 0.1219 g (0.99 mmol) of Isoamylinitrite, 6.00 g of
lithlum acetate, 0.34 ml (6.0 mmol) of glaclal acetlc acid and 25.00 ml}
of methanol!. The solution was cooled In a dry-ice-2-propanol bath and
deaerated by bubbling dry nitrogen through the solutlion for 5 min. The
solution was evacuated to a pressure of 0.5-1.0 mm and then heated for

20 hr at 50%2° In an ol! bath. Gaseous products were collected»‘gd
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analyzed. The reaction mixture was basifled with 2 g of anhydrous

sodlum carbonate. Products were Isolated with the following results.

Table XXVII|

Product Yields for Deamination of
9-Aminocarbazole In
Methanol/Acetlic Acid/Lithium Acetate

Compound Yield (%)
Carbazole 25
9-Aminocarbazole 52

Nitrous oxlde

42. Deamination of 9-Aminocarbazole: Benzene/Acetic Acld/LIthium Acetate

In a 250 m! flask there was combined 0.1612 g (0.88 mmol) of

9-aminocarbazole, 0.1242 g (1.00 mmol) of isoamyinitrite, 0.20 g of
Tithium acetate, 0.34% m] (6.0 mmol) of glaclal acetlc acld and 25.00 m!
of benzene. The solution was deaerated by bubbling dry nitrogen through
the solution for 5 min. The solution was frozen In a dry~lce~2-propanol
bath and evacuated to a pressure of 0.5-1.0 mm. The reaction mixture
was heated for 20 hr at 5012° In an oll bath. Gaseous products were
collected and analyzed. The reactlion mixture was baslfied with 2 g

of anhydrous sodlum carbonate and the productswere isolated with the

following results.

Table XXVili

Product Ylelds for Deamination of
9-Aminocarbazole In
Benzene/Acetic Acld/Lithlum Acetate

Compcund Yield QZQ
Carbazole 36
9-Aminocarbazole 5¢C

Nitrous oxlide 22
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3. Dpeamination of 9-Aminocarbazole: n=Butanol/Acetic Acild/

Lithium Acetate

In @ 250 m] flask there was combined 0.1627 g (0.90 mmol) of
9-aminocarbazole, 0.1251 g (1.01 mmol) of isoamyinltrite, 0.50 g of
1ithlum acetate, 0.34 ml (6.0 mmol) of glacial acetic acid and 25.00 ml
of n-butanol. The solution was cooled In a dry-lce-2-propanol bath and
deaerated by bubbling dry nitrogen through the solution for 5 min. The
solution was evacuated to a pressure of 0.5-1.0 mm and heated for 20 hr
at 50%2° In an ol bath. Gaseous products were collected and analyzed.
The reaction mixture was basified with 2 g of anhydrous sodium carbonate

and the products were Isolated with the following results.

Table XXIX

Product Yields for Deaminatlion of
9-Aminocarbazole In
n-Butanol/Acetic Acld/Lithlum Acetate

Compound Yield (%)
Carbazole 27
9-Aminocarbazole 6L
Nitrous oxide 10

L4, Attempted Solvolysls of 0-Acety i=-N~tert-Butyl«N-Pheny lhydroxy lamine:

Methano!

A mixture of 0.0936 g (0.45 mmol) of O-acetyl-N-tert-buty!-N-
phenylhydroxylamine, 1.75 g of lithlum acetate, 0.17 m! (3.00 mmol) of
acetic acld and 12.5 ml of methanol (reagent grade) was deaerated by
bubbling dry nitrogen through It for 5 min. The solutlon was cooled In
a dry-lce~-2-propanol bath and evacuated to a pressure of 0.5~1.0 mm. The

evacuated flask was heated for 20 hr at 50%f2°, The mixture was cooled to
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room tempenature, baslfied with 10% sodium hydroxide solution, diluted with
250 m! of water and extracted with three 100~ml portions of benzene. The
combined benzene extracts were drlied over anhydrous sodlum carbonate,
filtered and reduced In volume by evaporative distillation (on a steam
bath using a 10 cm column packed with glass hellices). Any benzene
remaining In the residue was evaporated using a stream of dry nitrogen
gas. There was obtained 0.0909 g (97% recovery) of a yellow residue whose

nmr and ir spectra showed it to be pure starting O-acdty! compound.

45, Attempted Solvolysis of O-Acetyl-N-tert-Buty!-N-Phenylhydroxylamlne:

Benzene

A mixture of 0.0929 g (0.45 mmol) of O-acetyl=N-tert«butyl-N-
pheny lhydroxy lamine, 0.0250 g of lithlum acetate, 0.17 m! (3.00 mmol)
of acetic acld and 12.5 ml of benzene was deasrated by bubbling dry
nitrogen gas through It for 5 min. The sclution was frozen In a dry-
lce~2-propanol bath and evacuated to a pressure of 0.5-1.0 mm. The
evacuated flask was heated for 20 hr at 50%£2°. The mixture was cooled
to room temperature, basifled with 10% sodium hydroxide solution and the
benzene layer separated. The aqueous fractlion was extracted twice with
25-m] portlons of benzene. The comblned benzene fractions were dried
over anhydrous sodium carbonate, flltered and reduced in volume by
evaporative distlllation (on a steam bath using a 10 ¢cm column packed
with glass helices). Any benzene remalning in the residue was evaponatdd
under a stream of dry nitrogen. There was obtained 0.0889 g (96%‘recovery)

of a yellow residue whose nmr and Ir spectra showed It to be pure starting

O0-acetyl compound.
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46. Solvolysls of O-Methyl-N-tert-Butyl-N-Phenylhydroxylamine: Methanol

A mixture of 0.1153 g (0.66 mmol) of O-methyl=-N-tert-butyl-N-~
pheny Thydroxy lamine, 0.50 g 1ithium acetate, 0.26 ml (4.60 mmo!) of
acetlic acld and 20.00 m! of methano! was deaerated by bubbling dry nitrogen
through It for 5 min. The solution was cooled In a dry-ice-2-propanol
bath and evacuated to a pressure of 0.5-1.0 mm. The evacuated flask was
heated for 20 hr at 50f2°. The mixture was cooled to room temperature
and basified with 10% sodium hydroxide, dlluted with 250 ml of water
and extracted with three 100-m] portlions of benzene. The combined benzene
extracts were drled over anhydrous sodium carbonate, filtered and reduced
In volume by evaporative distillation (on a steam bath using a 10 cm
column packed with glass helices). Any benzene remaining In the residue
was evaporated under a stream of dry nitrogen. The residue was diluted

with deuterochloroform (1% v/v TMS) and examined by nmr spectroscopy.

The nmr spectrum of starting materfal contained peaks cerresponding
to aromatic and methoxy protons In a ratlio of 30:19 or 5:3 respoctively.
A broad singlet was obtained In the aliphatic reglon but Its Integral (81)
was larger than expected from a single tert-butyl group. From fts
Integral the materlal appeared to be ca. 70% pure, with the Impurlty
being non-basic and meutral. The Impurity appears to be an ol which

was not completely washed out with the pentane.

The nmr spectrum of the product showed an Increase In the ratlo of
aromatic to methoxy protons from the value of 30:19 (5:3) for starting

materfal to 23:11 (5:2.4). This Indicated a disappearance of 21% of
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starting matertal. The expected ratlo. was 23:14 (5:3) so that the loss
of methoxy equals l#&ll X 100 = 21%. The stabllity of thls cohpound
may be greater than indlcated. Small traces of unremoved benzene would
lead to an Increase in the ratlo. of aromatic to methoxy protons.

The deuterochloroform solution contalning the product mixture was
diluted with 100 m! benzene and extracted with two 50-ml portions of Ice-
cold 1 N hydrochlorlc‘acld solution. The benzene fractlon containing the
neutral products was dried over sodium carbonate, flitered, reduced In
volume under reduced pressure, diluted with deuterochloroform and its
nmr spectrum taken. The nmr of the neutral material has a value of 5:3.5
for the ratio of aromatic to methoxy protons. The aqueous fraction was
basified with 10% sodlum hydroxide solution and extracted with two 50-ml
portions of benzene. The combined benzene extracts were dried over
anhydrous sodium carbonate, filtered and reduced In volume under reduced
pressure. The benzene free residue was diluted with deuterochloroform
and its nmr spectrum taken. The spectrum of basic material had no peaks
Indicative of the presence of methoxy protons and hence no N-tert-butyl-
p-anisidine was formed in the reaction. The bulk of the material

appeared to be N-tert-butylaniline.

The spectra of both neutral and basic fractions Indicated the

formation of small quantities of other unidentified products.

47. Detection Limlts of Gas Chromatography

Standard solutions were prepared (as described below) and analyzed by
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gas chromatography on a 5'%L" aluminium column packed with 20% SE-30
on Diateport :S (80-100 mesh) using temperature programming (Initial
temparature of 110° for three min and then raised 10°/min until 160°

reached and kept there until analysis was completed).

A. N-tert-Butyl-p-Anisidine
A solution containing 0.0166 g (0.093 mmol) of N-tert-butyl-p=

anisidine, 0.0535 g of chlorobenzene and 5.00 ml of benzene was prepared

and 10 41 of solution analyzed by gas chromatography with the following

results.
Table XXX
Peak Width at

Retentlon Attenuation Helght Half Helght Area

Compound . Time (min) Factor (cm) (cm) (em2)

Chlorobenzene 1.56 4 11.8 0.4o 18499

N-tert-Butyl-
p-anisidine 11.00 ] 5.2 1.05 5.25

Reactlons were run using 1.8 mmol hydrazine. A 1% yleld of any
product would be 0.018 mmol. The N-tert-butyl-p-anisidine contalns the
equivalent of 5% yleld. A 1% yléld would give a peak of 1.0 cm and

could be easlly detected. A peak as small as 0.5 cm can be detected.

B. 0-Acetyl=N-tert=-Butyl-N-Phenylhydroxylamlne

A solution containg 0.0174 g (0.085 mmol) of O-acetyl-N-tert-butyl-N-
phenylhydroxylamlﬁg, 0.0531 g of chlorobenzene and 5.00 m1 of benzene was
(o)
prepared end l.ul solution analyzed by gas chromatography with the

following resutls.
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Table XXXI

Peak Width at
Retention Attenuatlon Helght Half Helght Areg
cm

Compound Time (min) Factor (cm) (cm)
Chlorobenzene 1.56 " 11.5 0.40 18.9
0-Acety!=N=

tert-butyl-N-
pheny thydroxy1-
amine 11.70 1 1.h 2.90 1.26

In the case of 0O-acetyl compound extensive decomposition was observed
as evidence by the hligher arearatio of chlorobenzene to O-acety!

compound when compared to that of the anisidine.

Using a peak helght of 0.5 cm as the minium detestable vpc peak, only
2-3% of the 0-acetyl compound can he detected under the same conditions

as 1% of the anisidine. To observe a 1% yleld of O-acetyl compound an

Injection of 20-30 41 would be required.

C. O-Methyl-N-tert~Buty!~N-Phenylhydroxylamine

A sample of O-methyl=N-tert-butyl-N-phenylhydroxylamine, dissolved in
benzene, decomposes when analyzed under conditions Identlical to those used
for N-tert-butyl-p-anisidine and the O-acetyl compound. The chromatogram
shows four major peaks plus several minor components. This Indicates

extensive decomposition at the temperatures utllized for gas chromato-

graphlic analysls.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page 86
48. Detection Limlts of Nuclear Magnetic Resonance Spectroscopy

A._Methoxy Group
A solution contalning 0.0045 g of N-tert-butyl=p-anisidine in 1.00 ml

of deuterochloroform (1% v/v TMS) was prepared. The spectrum of the

solution was taken wsing a Varian Instrument T-60 Nuclear Magnetic

Spectrograph. The following results were obtained.

Table XXXI|

Spectrum Peak Helght
Amplltude
50 2.7
100 5.1
200 10.4
250 12.8

Thesstandard solutlion corresponds to a 1.5% yleld of methoxy contalning

compound. The above table Indicates that as llittle as one-flfth of this

amount could be detected.

9. Dpetection of Minor Products

A. Benzene

A previously analyzed reaction mixture obtained from the reaction of
N-tert-butyl-N-phenylhydrazine with IsoamylnitsBthd/ acetic acid In the
presence of benzene and added acetate lon, was rechromatographed under
the same conditlons as the standard contalning O-acetyl-N-tert=butyl-N-
pheny lhydroxylamine. The chromatogram revealed no peak whose retention
time matched that of thea&thentic O-acetyl compound. From this It can
be concluded that within the limits of detectabllity previously

established, no O-acety! compound was formed In this reactlion.
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B. Methanol

A previously analyzed reaction mixture obtained from the reaction of
N-tert-butyl=N-pheny lhydrazine with isoemylnitrite/acetic acld In the
presonce of mathano!l and added acetate lon, was rechoomatographed
employing the same experimental conditions wa tha standard sélution
contalning O-acetyl=N-tert-butyl«-N=phenylhydroxylamine and N-tert=butyl=
p-anisidine. The chromatogram revealed no peaks whose retentlion time was

Identical to that of elther known compound.

A stream of dry nltrogen was used to remove the benzene In which the
reaction products were dissolved. The benzene free reslidue was dliuted
with 1.00 m! of deuterochloroform (1% VZv TMS) and an nmr spectrum taken
using Instrument settings ldentical to that employed for the standard
solution of N-tert-butyl-p-anisidine. The nmr spectrum revealad a
small broad peak wlthaa chemical shift In the same reglon as the methoxy
group of the anisidine. From Its broad shape, It appeared to be that of
N~H protons present In the reaction mixture. A fow crystals of trl=-
chloroacetic acld were added to the deuterochloroform solution and the
spectrum retaken. The broad psek previously described had dlsappeared
and a small multiplet was found In this reglon. The peak heights

(1.3 cm) Indicated very little (less than 1%) of a compound which could

contain a methoxy group.
C. Butanol

A previously onalyzed resction mixture obtained from the resction

on N-tert~butyl-N-phenylhydrazéne with Iscanyinitrite/scetic scld,
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In the presence of butanol and added lon, was rechromatographed under
the same conditlions as the standard containing O-acetyl=N-tert-butyl=-N=-
pheny lhydroxylamine. The chromatogram revealed no peak whose retentlon
time matched that of the authentlic O0-acetyl compound. From this It can
be concluded that within the limits of detectabllity previously established,

no O-acetyl compound was formed In this reaction.

The following table summarizes the gas chromagraphic data

obtatned from the above reactions.

Table XXi11

Detection of Minor Products
Gas Chromatographic Data

Benzene Compound Retention Time (min)

Chlorobenzene 1.56
Phenylazlde 3.65
N-tert-Butylanlline 5.40
N=-tert-Butyi=N-phenylhydrazine 7.02
Unknown 9.40
Unknown 10.71
OrAcetyl=N=tert-butyl-N-

pheny thydroxy lamine 11.70

Methanol Compound

Retentlon Time (min)

Chlorobenzene '1.57
Pheny lazlde 3.73
N-tert-Butylant!ine 5.68
N-tert-Buty1-N-phenylhydrazine 7.36
Unknown 8.47
Unknown 9.95
Unknown 11.04
N-tert-Butyl-p-anisidine 11.428
0-Acety l=-N=-tert=butyl=N=

11.96P

pheny lhydroxy lamine

a. Separate Injectlion
b. Separate injcetion
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Table XXi11 (cont)

n-Butano! Compound Retentlon Time (min)
Chlorobenzene 1.52
Phenylazide 3.65
N-tert-Butylanlline 5.36
N-tert-Butyl-N-phenylhydrazine 7.00
Unknown 9.12
Unknown 10.71
0-Acetyl=-N-tert=butyl-N-

pheny lhydroxylamine 11.70
Unknown 12.40

50. Blcumyl Recovery Control

A mixture contali . ) 50.00 m1 of cumene and 0.1113 g of blcumy! was
prepared. The cumene was distllled off leaving a residus of 1=2 ml.
The resldue was tranferredcto a vial and the distillation flask was
washed with 2-3 ml of benzene. The benzene and cumene fractlons were
combined and 0.1021 g of chlorobenzene added (internal standard). The
distillatlon residue was analyzed by gas chromatography using a 5'X&"
aluminium column packed with 20% SE-~30 on Dlataport S and using
temperature programming (inlftial temperature of 120° held for 3 min and
then ralsed 50°/min untl] 190°reached and held there). A 95% recovery

of blcumyl was effected.

51. Deaminatlion of N-Methy!-N-Phenylihydrazine In Cumene/Acetic Acld

A. Reactlion Condlitions

In a 250 m1 flask there was combined 0.2184 g (1.78 mmol) of
N-methy 1-N-phenylhydrazine, 0.2359 g (1.93 mmol) of Iseamylnitrite,
0.68 ml (12.0 mmol) of glaclal acetlc acld and 50.00 ml of cumene. The

solution was deaerated by bubbling dry nitrogen through it for 5 min.
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The mixture was frozen In a dry-lce-2~-propano! bath and evacuated to a
pressure of 0.5~1.0 mm. The heterogenous mixture was stirred and heated
for 20 hr at 50%2°. The solutfon was cooled and extracted three times
with 50-m! portions of 10% sodium hydroxide solutlon. The cumene phase
was extracted with three 50-ml portions of 1 N hydrochloric acld. The
organic fractlon, contalning neutral materlal, was washed with an
equal volume of water, dried over anhydrous sodlum carbonate and distilled.
The resldue was analyzed by gas chromatography For bicumyl. The aqueous
phase, conitaining basic products, was basifled with 10% sodium hydroxide
solution and extracted with three 50~-ml portions of benzene. The benzene
phase was dried over sodium carbonate and concentrated by evaporative

distlilation. The residue was analyzed by gas chromatography.

Table XXXIV

Product Ylelds for Deaminatlion of
N-Methy1=N-Phenylhydrazine In
Cumene/Acetlic Acld

Compound Yield (%)
N-Methylaniline 21
N=Methy 1 -N-pheny lhydrazine 68

0

Blcumy]

B. Cumene Control
in a 250 m! flask there was combined 0.2318 g (1.88 mmol) of Isoamyl-

nitrite, 0.68 m! (12.0 mmo!) of glaclal acetic acid and 50.00 m! of cumene.
The control reaction was carried out, products Isolated and analyzed In a
manner ldentical to the previous reaction. No trace of bicumy! was

detected In the control reactlion.
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52. Deamination of N-Mathyl-N-Phenylhydrazine In Cumene/Benzene/Acetic Acld

A. Reactlon Condltions
in a 250 m! flask there was combined 0.2297 g (1.87 mmol) of N-methyl-

N-pheny lhydrazine, 0.2540 g (2.06 mmol) of Isoamylnitrite, 0.68 m!

(12.0 mmol) of glaclal acetic acid, 10.00 ml of benzene and 40.00 ml of
cumene. The solution was deaerated by bubbling dry nitrogen through It
for 5 min. The mixture was frozen In a dry=ice~2~propano! bath and
evacuated to a pressure of 0.5-1.0 mm. The homogenous solution was heated
for 20 hr at 50%2°. The products were isolated and analyzed In the same

manner as the previous reaction In pure cumene.

Table XXXV

Product Yields for Deaminatlion of
N-Methy1=N-Pheny lhydrazine In
Cumene/Benzene/Acetic Acld

ound Yield (%)
N-Methylani1ine 42
N-Methy1=N-pheny lhydrazine 47
0

Blcumy!

B. Cumene/Benzene Control

In a 250 m1 flask there was combined 0.2511 g (2.03 mmol) of Isoamy!l-

nitrite, 0.68 ml (12.0 mmol) of glaclal acetic acid, 10.00 m! of benzene
and 40.00 m! of cumene. The control was carried out, products Isolated
and analyzed In the same manner as the deamination reaction In the same

solvent mixture. A trace (less than 1%) of bicumyl was detected In the

control reaction.
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53. Isolation and !dentification of Methyl tert-Butyl Ether from the

Deamination of N-tert-Butyl-N-Phenylhydrazine: Methanol/Acetic

Acld/Lithlum Acetate

A.___ Reactlon Cond]tons

In a 250 ml flask there was combined 0.3035 g (1.85 mmol) of N-tert-
buty 1-N-pheny lhydrazine, 0.2436 g (1.98 mmol) of Iscamylnitrite, 12.00 g
11thlum acetate, 0.68 m! (12.0 mmol) of glaclal acetic acid and 50.00 m]
of methano!. The solution was cooled in a dry-lce-2-propanol bath and
deasrated by bubbling dry nitrogen through it for 5 min. The solution
was evacuated to a pressure of 0.5-1.0 mm and then heated for 20 hr at
50%2° In an ol bath. The reaction mixture was basifled with 2 g of
anhydrous sodium carbonate and aulyzed for methyl tert-butyl ether. The

nltrogenous products were isolated and analyzed by gas chromatography.

Table XXXVI

Preduct Yields for Deamination of
N~tert~Buty !=-N~Phenylhydrazine In
Methano1/Acetlic Acld/Lithlum Acetate

Compound Yield (%)
Methyl tert-Butyl Ether 6
Phenylazlde . 5
N-tert-Butylaniiine 19
N-tert-Buty!=-N-phenylhydrazine 61+

B. Gas Chromatographlc Analysis of Methyl tert=Butyl Ether

The yleld of ether could not be readlly determined using the method
of Internal standards. A callbration curve (Flg 4) was used to obtaino
the yleld of ether from the peak height. The callbration curve was
obtained by dissolving a known amount of ether !n 100.00 ml of methanol

and plotting welght of ether versus helght obtained whem 50 ol of

solution was injected.
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The yleld of ather, In a re;ctlon, was obtained by Injecting 5041
of the basifled reaction mixture; this was done prior to the Isolation
procedures described In sectlion 25. The welight of ether was read off
the callbratlon curve. (The reaction was run in 50.00 m! of methanol

and peak helghts were obtalned using anaattenuatlion factor of two.)

€. Structure Proof of Methyl tert-Butyl Ether

The basifled methanol solution was distilled and 1-2 ml collected
in a cooled flask. The material was analyzed on a Varlan Aerograph 2700
series gas chromatograph connected to a Varlan CH7 mass spectrometer.
A 5'X1/8" column packed wlth 5% carbowax 20 M and 5% KOH on chromosorb P
was used with the column temperature at 65°, the Injection port at 95°
and the flow at 20 m1/min. The methanol solution contained two components:
A major component with a retention time of 50 sec and a mlinor
component at 80 sec. The major component had the same retention
time and mass spectrum as an authentic sample of methyl tert-
butyl ether. There was not enough of the minor component to

analyze in the mass spectrograph.

D. Methyl tert-Butyl Ether Reaction Control

In a 250 m} flask there was combined 0.0167 g (0.19 mmol) of methyl
tek-buty! ether, 24.00 g of Iithlium acetate, 1.36 ml (24.00 mmol) of glacial
acetic acid and 100.00 m! methanol. The solution was cooled In a dry-ice-
2-propanol bath and deaerated by bubbling dry nltrogen through it for §
min. The solution was evacuated to a pressure of 0.5-1.0 mm and then

heated for 20 hr at 50%2°iin an oll bath. The reaction was basifled with
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k g of anhydrous sodium carbonate and analyzed for recovered ether. A

93% recovery of methyl tert-bugy! ether was effected.

54. Deaminatlion of 1,1-Diphenylhydrazine: Methanol[HBF“ In Alr
in a 250 ml flask there was combined 0.6849 g (3.56 mmol) of 1,1~

diphenylhydrazine, 2.00 m! (24.0 mmol) of fluoroboric acid, 0.4422 g
(3.59 mmo1) of isoamylnitrite and 100.00 ml of methanol. The solution
was heated for 15 min at 50%2° in an ol1 bath. The reaction mixture was
basified with 4 g of anhydrous sodium carbonate, The products were

Isolated and analyzed by gas chromatography with the following results.

Tabla XXXV

Product Yields for Deamlnation of
1, 1-Diphenylhydrazine In
Methanol/HBFh In Alr

Compound Yield (%)
Phenylazide ]
Diphenylamine 60
l,l-DIqhenylhydrazlne 7
N,N',N -Trlphenyl-phenylenedlamlnea 21

a. Thls compound was Isolated by preparative gas chromatography and
Identifled on the basls of the following spectral data:

nme (100 Mh,/COC1;)  5.28 (s,1), 6.90 (m,19)
Ir 3400, 1600, 1500, 855 cm”

mass spectrum m/e (relative Intensity) 336(5), 260(1),
245(15), 244(k), 182(52), 167(100)

There Is some uncertainty as to whether the compound Isolated Is the
ortho-zor para-phenylenediamine derivative.
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