Hydroxylamine-O -sulfonic
acid — a versatile synthetic

reagent

Synopsis
Hydroxylaming-O-sulfonic acid
{HOSA) has only recently become widely
commercially available despite the fact that
it has proved to be a valuable synthetic
reagent in preparative organic chemistry.
Unfortunately, however, information
regarding the use of HOSA in organic syn-
thesis has remained scattered in the
literature, and it is to focus attention on the
versatility and potential of this reagent that
this information has been brought together
now in the form of a short review article.

Important among the areas of applica-
tion of HOSA are amination and reductive
deamination reactions, nitrile and oxime
formation, and the preparation of amides
and diazo compounds. These and other
reactions, including the use of HOSA for
the synthesis of heterocycles such as ox-
aziridines, diaziridines, pyrroles, isethi-
azoles, benzisoxazoles, benzodiazepines,
isothiazolo- and pyrazolopyridines, and

imidazolinones and related derivatives are
discussed in the review., Many of these
preparations can be carried out in high
yleld

Hydroxyiamlne O—sulfumc ac1d
NH,+OS0,H (abbreviated to HOSA in
this article) has become in recent years
commercially available. Although much
fruitfu} chemistry has been carried out us-
ing HOSA, to this author's knowledge,
there has been no systematic review in
English* of its use as a synthetic reagent. It
is a chemically interesting compound
because of the ability of the nitrogen center
te act in the role of hoth nucleophile and
electrophile, dependent on circumstances,
and thus it has proved to be a reagent of
great synthetic versatility.

H,N-Nu
{as an electrophilic
center} Nu
2
H,N-O-ﬁ-OH
o]
¢E
(a5 a nucleophilic
center} o
E-N-0-5-OH
H O

Besides being directly involved in reac-
tions, it may serve as an f1 ity source of
other chemical entities (e.g., imene) which
then yndergo reaction with a given sub-
strate. Reference will be made (rom time 1o

*For a short review in lapanese see ref. |
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time to these various modes of reaction,
The uses of HOS A as a reagent are organiz-
ed below according to the different syn-
thetic transformations that it can bring
about.

Probably by far the most well known
and explored reactions of HOSA are
amination reactions, illustrating elec-
trophilic attack by HOSA, with amination
on nitrogen being the most important,
although a significant number of
aminations on both carbon and sulfur have
been reported. Amination on phospherus
also occurs,

AMINATION

(a) At a nifrogen atom

(i) Preparation of mono- and di-
substituted hydrazines and trisubstituted
hydrazinium sglts

~ ~
_N-H o /N—NH;
Ay 1+
N —> -N-NH,

Monosubstituted hydrazines can be
prepared in yields of the order of 50% by
treatment of a primary amire with HOSA
in agueous solution in the presence of base
{eq. [).2* Similarly, secondary amines
react to give 1,1-disubstituted hydrazines
{eq. 2).45

An alternative route for mono- or di-
substituted hydrazines uses an aqueous
sotution of the amine and a ketone, or the
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corresponding Schiff’s base, instead of the
amine alone and involves diaziridine ring
formation ( vide infra) which avoids the use
of a considerable excess of amine to sup-
press further reaction of the hydrazine
product and has additional advantages (for
a discussion see reference 6 and references
cited therein).

L1 1-Trisubstituted hydrazinium salts
are formed when tertiary amines are
treated with HOSA under basic conditions
inaqueous or alcoholic media {egs. 3,4).%%7

(i) Masked hydrazines - amination on
the nitrogen heteroatom of nitrogen
heterocycles

~
O+ —>
Y
)N —
/

Many nitrogen heterocycles can be
aminated on nitrogen using HOSA. These
include azetidine® pyridine.*® quinoline s
pyridazine,® pyrimidine,” pyrazine?
tetrazole,'” indole, .12 benzimidazole, 1213
triazineg,’* benzoxazole,'S and purine!Z:té
ring systems (egs. 5-16). (The pyrimidine
ring system, however, will often undergo
ring opening and rearrangement reactions
as alternative reaction pathways:® a specific
example of this is given under mis-
cellaneous reactions,) Here, as in the syn-
thesis of the simple hydrazines. the m-

trogen of the HOS A acts as an electrophilic
center in the reaction.

(e

):N’—NH,

[n the case of the l-aminopyridinium

cation,®¥ l-aminoindole.! and 1,2-di-
aminobenzimidazole’® especially, the
method constitutes an important

preparative procedure since the reaction
either fails with other reagemts {pyridine} or
the HOSA synthesis provides' a more
straightforward route to the compoundsin
question (indole, benzimidazole). 1-
Aminobenzotnazole' forms a convenient
benzyne precursor.

(i) Preparation of 2-tetrazenes
N\ ~ /
(/N-H —> (/N-N—N-N\)

Piperidine and pipercolines react with
HOSA in aqueous solution, in the presence
of sodium hydroxide, to give 1,1,4,4-tetra-
substituted 2-tetrazenes {eq. 17).'7 Pre-
sumably, the simple hydrazine is initially
formed and is subsequently oxidized to the
tetrazene.

{b} At a carhon atom

HOSA will aminate on aliphatic,
aromatic and heterocyclic carbon atoms
under a variety of conditions.

(9) Aliphatic carbon

A ~
—C-H —P»  —C-NH,

RNH, HOSA/KOR/H,O y,  RNHNH, R=CH, 49-53%  (eq. 1)
70°/10min R=CgH; 81-88%
HOSAKOH/H,0 _
(n-CqHg),NH > (n—CiHg),NNH,  34% {eq. 2)
i) HOSA/KOR/H,0/A * -
CH)N :::) HI == [CHJNNH, § 85% (eq. 3)
ch,
HOSA/EtOH + =
(cHa)zN(CHZ)QOH m‘) HO(CHz)z_CNI;‘NHZ 304 £6% {eq. )
2 .
2
CNH HOSAMNSOH/HO o <:NNH3 26% .5
0 f1hr
3 ) ) 2
| (i} HOSA/H,0/90°/20min » |
- {ii) K;COq/room temp. L 50, (eq. 6)
N {iii) H17-20° /1he N+ 63-72%
NH,
- ,
(i} HOSA/KOH/H,0/80° /45 min >
NZ (i) HI7-10° At N7 ;B {eq. 7}
)
OH OH  NH,
R TS
| o {i) HOSA/KOH/H,0/70° /4hr NI . (eq. 8)
N CH, (0 F > T W%
N 3 ) i R=CH, 56%
NH, R=CH,0 50%
0 1
NN __HOSAMaOH o L . (. 9
Oi\ N room temp. ol\N g,;:,’:’i’Nﬁ?_H
" XL R'=H, R"=NH,
~N-_ R, N R,
| {i} HOSA/KOH/MH,0/70° /ahy ,
RS i HI > g SN - feq.10)
TN L U Re=R,H 34%
NH, R,=R,=CH, 55%
R].I— I?I']'I HOSA/MNa,CO5(pH 7-8)/H,0 » R]I—N’NH’! .
N\N¢N 70-75" 20min/at reflux, 20-30min N\Nj':l
R]—T' 35% {eq. 11)
N‘:"\N/N‘NHZ
R=n-C3H7 26%
R R'
I HOSAKOH/DMF > |
N R room temp./1hr N R? (eq. 12)
H NH, Pi=RI=H 96%

4
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R'=CH,C¢Hs, R2=H 84%



http://eq.11

H
R N HOSAMKOH/H,0
/>_ NH, room temp.
R; N
N
Il HOSA/KOH/HO
1
H
Q
>= o HOSA )
(ne details)
N
H

HOSA/pH 7"

i
H,NJQ‘N o CHOH |

H OH

*MNote: pH 2-4 gives C-8 amination

R R
< : HCSA/MNaOHMO
R’ N-H G0-70° /20y )

:

RCH,CO:H LiN{i- Pr) o/ HMPT/THF-hexane

»

RCH{NH,}COH
CH, HOSA/AIC,
CHS 95-105°/30min I

CH,
HOSA/AIC!, )

100-105°/30min

OCH,

HOSA/Fe,504MeOH ]
raom termp./ i
p./1amin

H,

HOSA/diglyme

{CsHy),B8 T00 242

R N/NHz
7 NH,
Ry

{eq.
R,=R,=H 76%
N
Il
N ~N {eq.
NH,
v
@h“ (eq.
NH,

O

HN, | N\)
——

{eq.
OH
almost quantitative
R R R’ r?
R¥ N-N=N-N >R (eq.

R'=R?=R3=H 18%

RCHLICOLI  —oty,
(eq.
RZCSHs 33“;0
CH,
H;N 21% {eq.
CcH, ’
CH,
NH, 50% {eq.
OCH,
NH, {eq.
34%
CH, {with respect to HOSA)

T, HNH, 35%

ieq.

13).

14)

15)

16)

17)

18)

19)

20)

21}

22)

One of the most successtul of these
precedures is the elegant one-step synthesis
of a-amino acids from carboxylic acids.
The acid is lithiated in a mixed solvent
system and afterwards treated with HOSA
{eq. 18)'¥ to give the a-amino acid. HOSA
will also aminate active methylene com-
pounds as is demonstrated in the synthesis
of substituted pyrroles' from B-keto esters
and S-diketones.

(i}) Aromaric carbon

) NS

Je-H —>» )/C—NH,
Two main methods have been employed

to bring ahout direct amination in

aromatic systemns using HOSA. In both

cases the yields tend to be on the low side.

The first employs aluminum chloride as
a catalyst and has been fzirly extensively
investigated by Keller?® and Kovacic.!
There appears to be a number of points of
variance between the work of the two
authors. The precise aminating species is
nel known, Examples from both authors’
work are given below (egs. 19,20).2%2t

The second method is a homolytic
amination procedure developed by Minisci
and his co-workers,22 whereby what is
thought to be a protonated amino radical is
generated in a redox system {H.N-
*O830;H/Fe} at room temperature and
this then attacks an aromatic substrate.
Yields of between 10 and 40% of mono-
aminated product are reported {eq. 21). (In
many instances the yields are guantitative
with respect to the aromatic substrate ac-
tually consumed.} In certain cascs the reac-
tion shows a degree of stereospecificity.

A third method,?* from the very recent
literature, is based on H.C. Brown's
procedure {or the conversion of alkenes via
the organoborane to aliphatic amines { vide
infray. If an arvl organoborane is sub-
stituted Tor the alkyl borane in the reaction
(the paper gives triphenylboranc as an ex-
ampie -- preparcd from phenylmagnesiom
bromide and horon trifluoride) an aryl-
amine is produced {eq. 22). The disadvan-
tage of the method is that. unlike trialkyl
boranes, which utilize two of the three alkyl
groups in amine formation, triphenyl-
borane uses only one phenyl group and
thus the overall vield with regard to amina-
tion on the aromatic ring is not high.

(4ify Heterocyclic carbon

X\ x\

et —>» )E-NH,
Certain heterocyeles will react with

HOSA 1o pgive a C-substituted amino

denivative. For instance, | 3-dimethyl-
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uracil reacts with HOSA at pH 2 over 40

hours to give the C-amino product in
almost quantitative yield {eq. 23).2¢ Guan-
osine (eq. 16) aminates at the §-position'®
at pH 24 (70°) and 5-nitroquinoline {¢f. §-
hydroxyquinoline) aminafes at the 6- and
8-positions under basic conditions {eq.
24).18

That the mechanism of some of these
reactions may be one of addition followed
by elimination is suggested by the fact that
quinazolines, unsubstituied in the 4-
position, react with HOSA at 60-65° over
5-10 minutes to give N<3,4-dihydro-4-
quinazoelinyDhydroxylamine-O-sullonic
acids, which can be isolated in good yield

~ CH
CHyy | HOSA/pH 2 N | NH, (eq. 23
OJ\ 37 /4Dhr ) ,J.\ eq. 23)
N o N
éH, CH:  aimost quantitative
NO, NO,
=~ HOSA/KCH/95% EtOH HN AN
o _> *
- 50%/2hr .
N N
NO. 6% (eq. 24)
-~
N
NH,
13%
H._ NHOSOMH
= -
@f\/’f HOSA/H,0 i‘ H (eq. 25)
- 5665 /5-10min P -
N~ R N“R p=H,CH, 50-86%
R N X
R,Jﬁ[ HOSAMNaQH{NH,} KHCO,/H,O/EtOH > Rmcrl
reom temp. f15min (eq. 26)
Ry z ] Ry~ N~ 5~ NH,
R,=CH,, Ry=H, R,=C4H; 80%
HOSA/NaOMe/MeOH f
R,S room temp./several hr > E‘zSNHEl SO {eq. 27)
2 R=CM; 59%
ArCOSNa —HOSANAOHMIO o A(COSNH, Ar-34-CLCH, 95%  (eq. 28)
<20 Ar=2-furoyl 70%
HOSA/NaOM/H,0 g
RCSNHAr — »  RC(:NArSNH, (eq. 29)
R:CHQ, AI':C5H5 B88%
HOSA/NaOHM,0
ArCSSNa = > ArCSSNH, (eq. 30)
Af:4'0|05H4 87%
HOSA/MeOH Y.
(C‘Hslgp room temp /5min ’ ECSHSJ:PNHJ HSO; 69% {eq. 31)
RNH, H‘SOQlepyridinle > RNHSO:R' HOSA/MNaOH/M,O/EtOH ) RH
steam bath/30min distill
{room temp. if B'=CH,) (eq. 32)
R=C¢HsCH,, R'=C¢H 85%
R=n-CgH 3, R':4-CH3CGH4 =90%
RNH, |-n::-smmaon—uwi,oa RH R=(CH,)sCOH 55% (aq, 33)

0°/1.5hr

R=2- COQ HCaHd 7%
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equivalents of HOSA, in the presence of |

(eq. 25).% However, prolonged treatment
with HOS A (70°, 4 hours) gives principally
the 4-aminoguinazoline and no dihydro
compound. {Interestingly, benzimidazoles
and ortho-disubstituted benzenes are also
products of the reaction under these con

ditions).2s ' :

{¢) At a sulfur atom

=% and -8 ——P —S-NH,
Y N+
/5 —> S—NH,

Amination of sulfur in a variety of
organic sithations can be carried out using
HOSA. Thus thiols{ones),?” thioacids,?
thioamides, 228 dithicacids® and thio-
ethers® undergo amination to give the cor-
responding hydrosulfamines and hydro-
sulfonium salts (egs. 26-30), The yields for
the reactions are generally good and, as
with most HOSA transformations, the ex-
perimental procedure is relatively simple.

Sulfilimines, in particular, have proved
to be very useful intermediates in organic
synthesis.3!

(d) At a phosphorus atom

N\ N+

—P —» —P—NH,
Triphenylphosphine, when treated with

HOSA in methanol, gives triphenylphos-

phiminium hydrogen suifate (eq. 31} in

699, yield 2

HEDUCTIVE DFEAMINA-
TRON

Two methods of bringing about the
transformation RNH, — RH using HOSA
are available: an indirect method vig the |
sulfonamide’ and a direct route* which
has appeared in the literature only recently.

Reductive deamination refers to the
transformation of an amine to a product of
lower oxidation level {in the sense propos-
ed by Robinson} and involves the net

replacement of an amin¢ group by
hydrogen.
In the indirect route,¥® a primary

aliphatic or aromatic amine is treated with
sulfonyl chloride (typically benzene-, p-
toluene- or methanesulfonyl chloride) in
dry pyridine and the mixture warmed on a
steam bath. The sulfunamide, which is
isolated, is dissolved in NaOH and then
treated with HOSA and the reaction mix-
ture distilied to give the alkane or arene.
Yields of product are usually high{eq. 32),

Doldouras and Kollonitsch®  have
shown that there is no need to proceed vig
the sulfonamide, since the primary amine
will react directly with 2-3 molar




base, at 0°, to give the deaminated product
in yields in excess of 50% (eq. 33). The
authors have shown that the reaction
works for a variety of structural types in-
cluding amines containing other func-
tignalities, and claim that it is a selective
and general method. They have coined the
name ‘hydrodeamination’ for the process
and furthermore have illustrated how it
may be extended to the conversions RNH,
— RD and RT.

In both methods a common mono-
substituted diimide (RN=NH) is pro-
posed as an intermediate (their mode of
formation differing) which readily decom-
poses to RH and nitrogen.

REDUCTION

HOSA alone, or in conjunction with
other reagents, provides under basic con-
ditions a source of diimide which will
reduce double bonds. Thus, HOSA with
cyclohexanone gives |, l1-dihydroxyazo-
cyclohexane, an unstable substance,
which, il allowed to decompose at room
temperature (which it does rapidly by way
of diimide) in the presence of quinone or of
azobenzene, yields hydroquinone and
hydrazohenzene respectively ** HOSA and
hvdroxylamine sulfate together form an in
siru source of diimide capable of selectively
hydrogenating conjugated multiple bonds
(eqs. 34, 35).% Using HOSA alone, Appel
and Biichner? give examples of the reduc-
tion of both conjugated and noncon-
jugated multiple bonds but the yields tend
to be lower (eq. 36).

HYDROXYMETHYLATION

x\ x\
)/C-l-l —>»  )C-CHOH

Quinolines can be hydroxymethylated in
the 2- and/or 4-position using HOSA in
methanol {eq. 37).% The discovery arose
when a desired amination on nitrogen us-
ing the standard HOSA method could not
be achieved owing to insolubility of some
quinolines in the aqueous mediumand, asa
resutt, the solvent was changed to
methanol. The reaction has been found to
be genera! for quinolines substituted in the
carbocyclic ring and having eithera 2-or4-
position (or both) vacant.

FUNCTIONAL GROUP

TRANSFORMATIONS:
Loss of carbon
—CO,H —) —NH,

Numerous attempts have been made™#
10 prepare amines in high vield by the reac-
tion of carboxylic acids ot their derivatives
with HOSA. The best results to date have
been yields of the order of 20-30% and have
been obtained by heating the acid (or its

HOSA/INH0H),50 2 /NaOH/MH,0

HO,CC=CCO;H 36° (3 » HO,C(CH,,,COH 77% (eq. 34)
NO,C4H,CH=CHCO,H HOSA/[NHZOH) SO 2 /NaOH/H,O ’
40°/ghr (eq. 35)
NOQ,CyH,(CH,),CO.H 87%
HOS A/ NaOMe/eOH
<i> room temp. /16hr ) Q 30-40% (eq. 36)
™~ HOSA/M
N/
CH,OH
AN SN eq. 37)
R R, +» R R,
N~ "CH,OH N
H:R;‘:H 58% ' 25Y, :
R=7-Cl, R4=2-CH; 95%
HOSA/mineralt oii
n-C;HyCOH —W n—C;H;;NH, 23% (eq. 38)
(CH 0) CoH _..H_Qi‘i’fp'“_) (CH 0) NH,
"I C 115-120%/10r X s-methoxy 35% (eq. 39
x=—1,2,3 2. 4-dimethoxy 25%
12 e fi} BHg/THF/room temp./thr Yo d
RR'C=CH, (1) HOSA/a! refiux/3hr » RIRCHCH,NH, (eq. 40)
R':=0-CoMyg, RZ-H  64% )
R1=CeHs, RZ=CH; 58%
{i} NaBH/BF, etherate/diglyme/room temp./3hr ~NH,
sgo,  (°9- 41

(i} HOSANDD® /3hr

anhydride} with HOSA in mineral oil at
160-180° {eq. 38)* or polyphosphoric acid
at 115-125° {eq. 39).4 However, the con-
ditions for this transformation clearly still
need to be optimized.

Addition to double bonds
Alkenes

(i) >= —p >—<NH,

H.C. Brown has developed a simple one-
step conversion of alkenes into primary
amines wa the corresponding organo-
borane using HOSA (cqg. 40).4! The method
is applicable 10 a wide variety of alkenes,
and in a later paper.*? he has shown that it
can be applied to relatively hindered
atkenes with equal success by conducting
the reaction in diglyme, in which HOSA is
soluble, rather than in tetrahydrofuran as
in the earlier work {eq. 41). In both cascs
the organobotane s prepared in sitn
either by the addition of diborane to the

alkene or by the addition of boren

trifluoride etherate to the alkene and
sodium borohydride in diglyme. The reac-
tion is  highly stereospecific as 15
demonstrated in the conversion of nor-
barnene and a-pincne to the isomerically
pure exco-norbornylamine and isopino-
campheylamine, respectively.®? Oceasion-
ally @ rearranged amination product s
observed

iy =X ——» CrH—<NH,
and related lransformations

i a related but mechanistically quite
different process. the metal salt redox
system  of Minisci (¢f. amination on
aromatic carbon - - method two} is used to
bring about the addition of the clements
NH,; and Cl across a double bond *44* The
addition occurs when HOSA is decom-
posed by FeCly in the presence of the
alkene:

H,N—OSOH + Fe Ci,
‘NH,; + 8O, + Fe

Aldrichinica Acia, Vol 13, No. f. (V80 7




HOSA/FeCl,/MeOH _
RCH: 2 RCHCIC R=n-C,H, 8% . 42
“CH; 0° > HiNH, R=C.H; 130 (% %%
CH=CH.  HosasFeso MecH > CHCH;NH, 4
OCH, {eq. 43)
C=CH CCI=CHNH
HOSA/FeCly/MeOH 2 H,0
(eq. 33)
CHCHO
ol * NH,
HOSA/K,CO; or KOAG
RyR,C=0 e  RiRLCNOSOK
Ry=n-CHg, R;=CH, 55% (89 49)
R,=CH,CO,CH,, R,=CH, 55%
' HOSAM,O '
ArCHO room temp, » ArCH=NOSQH Ar=subst. benzene, (eq. 46)

‘R.G. Wallace, unpublished observations.

Examples are given in eq. 42. It would
appear that the amino group attaches itself
to the least-substituted carbon atom. The
addition differs from the organoborane
method in not being stereospecific.

If addition is carried out in methanolic
solution with FeSQ, instead of FeCl,, an
amino ether is produced {eq. 43)* and if
sodium azide is also present an azido amine
is formed .+

Phenylacetylene with FeCl; yields a-
chlorophenylacetaldehyde by hydrolysis of
the corresponding intermediate enamine

(eq. 44).4
Carbonyl compounds

(H >=0 —F» =N-0SOX

Both ketones and aldehydes react with
HOSA 10 give oxime-P-sulfonic acids and
salts (eqs. 45, 46).4047 In the case of ketones
and some aldehydes, these derivatives can
be isolated and are well defined, reasonably
stable, crystallizable solids. They can be
prepared in good yield and undergo a
variety of further reactions. This transfor-
mation illustrates the alternative role of the
HOSA nitrogen as nucleophile,

The condensation reaction to give the
oxime-(-sulfonic acid or salt forms a com-
mon first stage in 4 number of related and
synthetically very useful transformations.

(i) —cHo —p

Aldehydes, in agqueous solution/suspen-
sion, can be smoothly converted in high
yield into mitriles (of the same carbon
numberj with HGSA . The precise con-
ditions depend on the naturc of the
aldehyde (details are given in cys. 47-49),

—CN

pyridine or imidazole*

the important factor being for them to be
sufficiently rigorous to bring about the
elimination of sulfuric acid from the in-
termediate oxime-O-sulfonate,

(i) >0 —P  EN-OH

Aliphatic ketones react exothermically
when warmed together with HOSA in a
water bath to give the corresponding oxime
in very good yicld (eq. 50).% The reaction is
accompanied by the loss of nitrogen.

Aryl alkyl ketones, under the above con-
ditions (eg. 51), vield N-aryl aliphatic
amides, again in good yields, %

According to Sherk er al® diaryl
ketones do not react under these con-
ditions, but Ho* has reported the forma-
tion of amides in tetrahydrofuran.
Schmidt- and Beckmann-type mechatisms
are proposed for these rearrangement reac-
tions, the precise details of which have not
been resolved.4#%

In a very recent extension of this syn-
thetic transformation, (Mah and Fungst
have shown that alicyclic ketones can be
converted to their corresponding lactams,
in high vield, by heating the ketone and
HOSA under reflux in formic acid for
several hours (eq. 32). Benzophenone, un-
der simifar conditons, gives benzanifide (n
68% yield »

Enamines

S=CHNR,) ———»  CH-CN

An additional nitrile synthesis using
HOSA has recently been reported.® This
time the precursor is an enamine. The
method is extremely useful since enamines
can be prepared readily from a variety of
active methylene compounds and ketones.
The enamine and HOSA are stirred
together for 1 hour at room temperature,
whereby the nitrile 1s obtained in good
vield (eqg. 53}

Forster reaction

S=N-OH  ——» =N,

O
iy 0 ’ - . . 4 .
{iv) >= ﬁ Oximes react with HOSA in aqueous
base fo give diazo compounds.s? Thus,
Aliphatic aldehydes
HOSA/M,0 R=n-CgH,; 87%
—> g "
RCHO 20-40° /20min RCN R=HOCH, 71%  (¢9-47)
Aromatic or heteroaromatic aldehydes
(i} HOSA/HO/room temp. Ar=4-CH,C:H, 85%
ArCHO — s Taomn P ACN ar_3.CH,0, 4-CH,CH, 89% (©3-98)
Aromatic or heterparomatic aldehydes
\\ i ) \
fi) HOSA/M,O/Ar, 0 CN .
- . 4
I T CHO GG NG [} 3-cyano 76%  (eq. 49)
N N
HOSA —Ri1—
=0 Ry, 1o R=R'=CH, 0% (eq. 50)
RRIC=0 X Twater batn) RRIC=NOH R=CH,, R1=C{CH,), 85%
Ar, HOSA ArNH . 8
- e PTTRE C=0 Ar=CgHs; R=CH, 90% (eq. 51
R/c O awater path) R” Ar=4-CH,0CH,, R=CH, 90% (ea. 51)
7N CH,
HOSA/MHCOH N
(CHJI‘? }:Hz at reflux/3-7hr » (CHZ)-'] NH (eq. 52)
€0 n=a.10 "0 n=10 87%
AR C=CHNR) —HOSAMO ) Arfnp oy Area-NO,CoHy, RI=CH 78% (o 53

R~ room temp./hr R~

8
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fluorenone oxime gives diazofluorene in
60% yield and benzophenone oxime gives
diphenyldiazomethane (30%). The reac-
tion also works well for fully conjugated
e Bunsaturated 1, 4-ketoximes (eq. 54).53

Fragmentation reactions

)&5=NOH —> x + —C=C—

In a sagacious extension of the diazo
functionality formation reaction just
described, Wieland, Kaufmann and Es-
chenmoser* have demonstrated in the field
of steroidal chemistry the facile conver-
sion of an &, B-oxido oxime to analkynone
(eq. 55). A further example and a discus-
sion of the mechanism of the reaction is
given in a later paper.

Mlscellaneous

—— -N=N=N

Nitrosobenzene will react with HOSA in
tetrahydrofuran in the presence of base to
give phenyl azide (<f. Forster reaction} (eq.
56).5¢

(i) N-Oxide formation

Certain d-substituted pyrimidines® and
condensed pyrimidines (quinazolines)
react with HOSA to give N-oxides. For ex-
ample, 4,6-dimethylpyrimidine, with the
potassium  salt of HOSA in aguecus
methanol over 4 hours at 70°-72° pives
4 6-dimethylpyrimidine-1-oxide (eq. 57).7
A mechanism involving addition of
HOSA, lollowed by ring opening and then
recyclization and, finally, loss of sulfur
trioxide and ammonia is proposed for the
reaction.?

HETEROCYCLE FORMA-
TION

(a) Cyclization reactions

(f) ~N=0

Oxaziridines

The oxaziridine ring system can be
prepared by the reaction of HOSA with an
atiphatic ketone’™® or benzaldehyde® in
2N NaOH at 6-8°. Thus, 3-ethyl-3-methyl-
oxaziridine is obtained in 96% yield {eq.
58)%7 from 2-butanone. The oxaziridine is
stable only at very low temperature. More
stable oxaziridines are generally obtained
by acylating the unsubstituted oxaziridine
in situ>
Diaziridines

Related to the preparation of ox-
aziridines and probably another of the
most widely explored areas of HOSA
chemistry has been the synthesis of
diaziridines. Both simple®® and complex
diaziridines such as those with steroidal®!
and multifused®? ring structures have been
described. Principal references are given in

R
HOSA/NaOH/H,0 .
R-¢-C=CH-C-R" ; % R-¢-C=CH-C-R"
1] i 4°/2hr 1] I eq. 54)
) OH S N, (ea.
R'=C,H;, R"=CH,, R"'=H 78%
HOSA/NaOH/H,0/EtOH
room temp_M16hr )
{eq. 55)
9/‘\?
HO :
]
0.0 &%
Il o
HOSA/NaOMe/THF ‘.
CeH,-N=0 oomtemp P CeHiN=N=N 25% (eq. 56}
ch, CH,
<N HOSA/KOH/H,0 ~ |N 57
- )l W’ CH \N) 91% (eq. 57)
CH3 N 3 ‘
0
CHy., HOSA/2N NaOH/Et;0 CH NH
=0 2 i I 969 eq. 58
csz/c 6-8° > ¢H ™o ’ (ea- 58)
HOSAKRNHZIHQ
D°/overnight R=H 61-70% (eq. 59)
\R R=CH, 62%
HOSA/K,CO4/H,O NH, )
CH:,COCH!COR roaom temp. fovernight , [E:H CO(I:HCOR:I
CH COR (eq. 60)
RC]:0 N:[CHs R=QCH; 34%
& R=CH, 28%
NG HOSA/M,0 NC NH,
g L || (eq. 61)
NC™ S ™ temp-/Ehr RN R=CH; cag5%
M=Na, K 178 R,=SCH, ca.70%

reviews by Schmitzé4* who notes that by
1964, fifty or so disziridines had heen
prepared by the HOSA method.

The diaziridine is formed by reaction of
HOSA with ketone/ammonia mixtures.
Schiff’s bases or a mixture of a carbonyl
compound and a primary amine. A typical
synthetic procedure, described in Organic
Syrcheses?s is illustrated in eq. 59. The
diaziridines may easily be oxidized to
diazirines.

The pyrrole sysiem

Tamura. er al.'® have described a simple

one-step method for the preparation of
tetrasubstituted pyrroles. A S-diketo com-
pound is treated with HOSA in aqueous
potassium carbonate solution overnight 1o
give a syminetrically substituted pyrrole
{yiclds 28-34%. eq. 60). Pyrroline is formed
in low yield when HOSA is treated with
NaOMe in methanol in the presence of 13-
butadiene.* The | d-addition of imene
(NH) to the diene is invoked in this reac-
tion.

Isothiazoles

[)mvanmhmdlkene salts* (eq. 61, thcsc

» I he wcld\ from mmmqqnommpoundwrc very low.

.4!:1’”'(‘.11{”::'('(: A('m. l"m', J’.f. ,\"o_ J’. ,"98()
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can easily be prepared in yields of over 70%
by the thicacylation of malononitrile by es-
ters of dithiocarboxylic, thionocarboxylic,
xanthic or trithiocarbonic acids at room
temperature) react with HOSA in aqueous
solution to give 3-aminoisothiazoles.”.c
The yield of crude reaction product is
generally good but isolation of the pure
isothiazole may in some cases present
technical difficulties.

Benzisoxazoles

Kemp and Woodward® have described
how benzisoxazole can be prepared in 95%
yield when salicylaldehyde is combined
with HOSA in water, followed by treat-
ment with sodium bicarbonate for | hour
at room temperature (eq. 62). A similar
preparation was reported eleven years after
the publication of Kemp and Woodward’s
paper, by Suwiriski,’® who seems to have
been unaware of the former authors’ work.
The reaction invelves nucleophilic attack
by the HOSA nitrogen. The preparation of
Kemp and Woodward is suited to large-
scale reaction.

Benzodihydro-[].2)-diazepines

5~Amino aromatic aldehydes (seeeq. 63)
can be cyclized in low yield using HOS A to
give diazepines.”" The major product of the
reaction, however, is the aromatic nitrile
(vide ante). The yields of diazepines,
nevertheless, can be increased by in-
creasing the nucleophilicity of the nitrogen
atom of the aniline function (see eq. 63)
andfor by employing mesitylsulfonyl-
hydrexylamine in place of HOSA in the
reaction (yields up to 76%).

The proposed mechanism for the
cyclization involves a ring cxpansion step;
an additional benzodiazepine ring syn-
thesis, which is a direct ring expansion of a
preformed starting material, is described a
little later,

Isothiazolopyridines

In an extension of the isothiazole syn-
thesis described above, J-cyanopyridine-2-
thiones are found to cyclize on treatment
with HOS A in the presence of base 10 give
3-amincisothiazolo[$.4-pJpyridines  (eq.
64).27 The yields in this reaction are good.

Pyrazolopyridines

Pyridines with a S-carbonyl functionali-
ty in the 2-position undergo ring closure
with HOSA o give pyrazolofl,5-«]-
pyridines {eqs. 65.60)™-2in good yield. The
reaction would seem to occur by clec-
trophilic attack of the HOSA on the car-
bonyl function to give a derived oxime-(-
sulfonate, with subsequent clectrophilic at-
tack of the oxime nitrogen on the nitrogen
of the pyridine ring.

(k) Ring expansion

i
Ceo (i) HOSA/N2,S0Q/H;0O/Mew min » @Cﬂ 95%  (eq. 62)
{ii) NaHCOy/H,0/CH,Cl,/1hr /
oM
HOSA
mHAr ____“___) P'Ar Ar=CgHs 14% {eq. 83)
CHO ""N Arﬂ-NO;Cqu 7“!0
R' r'
RL~0yCN  HOSA/KHCO,/NaOH/H,O/EtOH R~ NH,
3 | room temp./16min » e | |N {eq. 64)
R NS R N 5~
H RI=R¥*=CH,, R2=H  72%
-
- i (i} HOSAM,O/<room temp. —
> _N o fii) NaHCOa/room temp. > N N“‘N/ {eq. 85)
. very good yield
L o, (=), o we
pom t 30h ° )
N oc,H, O™ lemp/aohr SN
R R
AN HOSA/30% NHay/abs. MeGH =N
. room temp./3-dhr > | / (eq. 67)
N~ -
éHI R=H 72% N
3 R=CH, 17% CH,
RZCGHS 19“;0
N ;
- \TO HOSAMNaOHMO -
) >=0 87%  (eq. 68)
\N/N\H B0-70"/30min l’l
H
40 HOSA/NaOH/M,0
oo » o 32%  {eq. 69}
\N/N"H N
H
0, .0
___HOSWPPA_ o s
(CH30 X BO-1T0°/Z-3500 T (cH,O); {OCH,),, (eq. 70)
x=1,2,3 24-45%

Dibenzo|1,4])-diazepines

Treatment of A-methylacridinium
derivatives with HOSA in  absclute
methanol containing 30% ammeonia for 3-4
hours at room temperature results inanex-
pansion of the heterocyelic ring. The
resulting  5-methyldibenzo{f.e]-(1,4)-di-
azepines™ are obtained in variable yield
(eq. 67).

(c) Ring contraction

their benzo

Imidazolin-2-ones and

derivatives
1,2.4-Triazin-3-ones, when treated with
HOSA in aqueous alkali at 70°, undergo a

ring c¢ontraction reaction to  give
imidazolin-2-ones in high yield.” Thus,
5.6-diphenyl-1.2,4-triazin-3-one gives 4.5-
diphenylimidazolin-2-one (68%7). 1.2.4-
benzotriazin-3-one gives benzimidazolin-
2-ane (87%, eq. 68) and phenanthro[9,10-
¢]-[1.2,4]triazin-3-0ne (requiring
aqueous/ethanolic NaOH} gives 13-
dihydrophenanthro[%.10-d)imidazol-2-
one (7495, N-Aminotriazincs are con-
sidered 10 be intermediates in these ring
contractions.

Oxindole

Cinnolin-}-one, under similar ¢on-
ditions 1o those above, reacts with HOSA

10
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to give oxindole in 32% vield (eq. 69).M
MISCELLANEOUS

Most of the preceding reactions describ-
ed have involved the incorporation of the
nitrogen of the HOSA in the reaction
product. One reaction which differs from
all of these is that between aromatic ethers
and HOSA in polyphosphoric acid. Here,
sulfur is incorporated and the product is a
diaryl sulfone (eq. 70).% It is suggested that
HOSA is cleaved to give H,SO, and it is
further reaction of this that gives rise to the
sulfone.

CONCLUSIONS

HOSA has proved to be a reagent of
diverse synthetic utility, its multifarious
uses having been amply illustrated in the
foregoing paragraphs. Such versatility is a
consequence of the inherent ability of
HOSA to act as both a nucleophile and
electrophile and also to provide an in siru
source of other chemical entities, factors
referred to at the beginning of this article.
These properties have led to its exploita-
tion in such a vanety of situations.

Clearly there is scope for its application
in further organic transformations, and in
particular, it must have a further part to
play in new heterocyclic synthescs.
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Aldrich offers HOSA and many of the
reagents cited by Dr, Wallace;

(i,

Last year, Professor G.R. Wyatt of the
Department of Biology at Queen’s Univer-
sity wrote to me suggesting that we make 7-
ethox y-6-methoxy-2,2-dimethylchromene
{Ethoxy-Precocene). “The substance has
activity as a*precocene’ or specific cytotox-
ic agent for the corpus allatum of insects,
which stops the production of the juvenile
hormone and thus brings about precocious
metamorphosis and prevents reproductive
maturation, . . . we have found it to be
highly effective in the *chemical allatec-
tomy" of African migratory locusts. We
find that | mg applied to newly emerged
adult female locusts completely blocks
reproductive  maturation, including the
juvenile hormone-dependent synthesis of
yolk protein, which is a central subject of
our research.”

Ethoxy-Precocene seems a very exciting
compound, related to the anti-juvenile hor-
mones Precocene T and 11, which we have
been making for some time. And so we
made it.

1t was no bother at all, just a pleasure to
be able to help.
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