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I. INTRODUCTION

The close relationship between o-dinitroso compounds, gem-dinitroso com-
pounds, and the products of the oxidation of dioximes has stimulated the prep-
aration of this review.

Much of the difficulty associated with the study of the furoxans may be
ascribed to the confusion that has been associated with understanding their
structure. From the beginning of their history there has been a notable vacilla-
tion in the attitude of the scientists studying these substances as to the nature
of their configuration. This vacillation has included the problem of whether
to ascribe the same structure to both the aromatic and the aliphatic types of
compounds. In fact, the study of the structure from the point of view of the
aromatic series has caused difficulty in making conclusions concerning the ali-
phatic series. As a result, the data in the literature show almost a clear-cut
delineation of research effort between the two series.

This review covers the years from 1876 to the present and is limited only by
the information available. A good portion of this paper will deal with a critical
discussion of the wvarious structures which have been proposed for furoxans
to date. Additional information will be presented on the reactions, the physical
and chemical properties, and the methods of preparation of these compounds.

A section on their nomenclature has been added to provide an understanding
of the information in the literature and its interrelation.

It is hoped that this review will stimulate further interest in these fascinating
compounds.

II. NOMENCLATURE OF THE FUROXANS

In 1858 Kekulé (97) made the first furoxan by the reaction of bromine and
mercuric fulminate; he erroneously called it dibromnitroacetonitrile. Not until
1876 was further work done on this structure, when Steiner (19) obtained a
product from the reaction of ammonium fulminurate and concentrated sul-
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furic acid which he called nitroacetonitrile, but which is now known as dicyan-
furoxan. Tonnies (202), in 1880, reported a reaction which later became one of
the general preparative methods for this class of compounds; that is, the reac-
tion of nitrogen oxides with vinylic double bonds. The first definitive name and
hence implied structure given to this combination of atoms was that of nitroso
compounds, suggested by Prépper (179),

~Cc—NO
~(—NO
>

but the following year he considered that his products were oximino compounds
(180, 181). Historically, Koreff (100) is credited with the preparation of the
same substance by the oxidation of a dioxime, although Koreff acknowledged
that H. Schmid described the compound to him and Ilinski (90) reported its
preparation in the same year. Although no name was proposed for their com-
pounds, they did suggest that the oxidation product of B-naphthoquinone
dioxime, Ci(H¢(=NOH);, had the same properties as the substance obtained
by oxidizing phenylglyoxime and that the compound was not a dinitroso com-
pound but of the type later to be called glyoxime peroxide (11). At very nearly
the same time that Holleman (84) proposed the name ‘“dinitrosoacyl” for the
product that he obtained by nitrating acetophenone, Beckmann (28) proposed
that his product from the nitration of benzil dioxime be called azodibenzenyl
hyperoxide, and Scholl (187) gave the name “benzildioxime superoxide” to the
product that he obtained from benzaldoxime.

Angeli (11) then repeated the work of Tonnies and Beckmann and suggested
the name “glyoxime peroxide.” All of these authors were referring to the same
structure in an aliphatic series of compounds, viz.:

—C=N—0
b

This designation was accepted and found such general use that although Per-
kin (130) stated the name to be incorrect, he used it in deseribing his work be-
cause of its presence in the literature and textbooks at the time.

Noelting and Kohn (126) prepared substances which they called o-dinitroso
compounds and to which they gave the formula NO,C¢H3(NO), by the thermal
decomposition of aromatie nitro azides. The work of Zincke and Schwarz (238)
was of an almost identical nature, but in addition they compared their sub-
stances with those previously described by Ilinski.

It was not until 1907 that the name “furoxan’ was suggested by Wieland (235)
for these structures. During this period a great deal of research led to the forma-
tion of furoxans, but owing to the lack of communication between investigators,
the literature referred to these substances as acid (191), acid anhydride (197),
and isodxadiazole oxides (70). In the late 1920’s, when the existence of a possible
isomeric form for these substances had been proposed, Ponzio and Torres pro-
posed the name ‘“‘dioxdiazine” to describe the structure in question (178). The
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most recent designation suggested for compounds of this type is that of ¢-dini-
troso compounds, proposed by Boyer (46).

In order to carry out an intelligent discussion, the following terminology has
been arbitrarily selected for the furazan oxides. The term ‘“‘furoxan” will be
used to designate the structures

RC CR/ RC CR’ RC——CR/’ RC——CR/
T
< N/ NN VRN NN
0 o) (o) 0 0 O 0] 0O

and the term “dioxdiazine’ will define the following structure:
RC—CR’

A
60

III. STRUCTURE OF FUROXANS

The compounds in question can be said to be derivatives produced by the
oxidation of substituted glyoximes. As noted previously, Prépper’s (179) in-
vestigations of the action of fuming nitric acid on acetic acid ester and mono-
acetic acid ester led him to designate his products as oximino acetic acid esters.

Koreff (100) in 1886, working with S-naphthoquinone dioxime, found that
this material could be reduced to the naphthalenediamine, but that it could
also be oxidized to a product melting at 126°C. and having an empirical formula
corresponding to C;H,NO. Koreff first suggested for this substance the fol-
lowing general structure

relating it to an analogous oxidation product of diphenylglyoxime implicitly
according to the following reaction,

Cer——[CNOH

| O
[
i - ! l
| 0]
CeH;- - -CNOH |
but Koreff did not name the product. This structure was then referred to as
Koreff’s structure.

Some of the confusion at this stage of the investigation was removed to an
extent by Cramer’s (49) preparation of a true oximino compound from glyoxylic
acid; Beckh (26) obtained the same ester from ethyl dioximino succinate. This
work added little to the solution of the true structure.

A noteworthy experiment was reported by Boeris (35) but did not make its
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expected impact until fifteen years later. He was able to prove that reduction of
one of these peroxides with tin and hydrochloric acid gave the furazan structure;
however he called his product the anhydride. He showed in addition that the
reduction of the oxime or the bromination of the “anhydride’” gave the same
brominated structure. The results of Angeli’s (10) reduction experiments did
not confirm this observation but obscured it somewhat by claiming the prepara-
tion of the parent dioxime,

So far as the structure of these compounds is concerned, the period from 1893
to 1904 resulted only in attempts to establish the six-membered peroxide ring
as characteristic of these materials and to describe the product by a variety of
names (9, 10, 18, 19, 27, 29, 41, 42, 84, 126, 187, 212, 238).

The difficulty associated with accepting a peroxide structure for the ring was
an obvious temerity in accepting the formation of a peroxide bond in any man-
ner other than that commonly associated with the formation of derivatives of
hydrogen peroxide. The stability of the ring exhibited by the structure did not
help matters.

In an attempt to rationalize the stability of these substances Perkin (130)
did suggest, however, that an equilibrium of the following nature might be
present

O—N—C/ O=N—O/

bx—b T ot
N AN

which could confer stability. However, in this case substituents would tend to
force the equilibrium in a preferred direction, a behavior which had not been

suggested as yet.
In 1904 Werner (211) suggested the structure
C=N C=N
AN AN
/O or /O
RN N
\O 0

to which Wieland and Semper gave the name “furoxan’ in 1907. Wieland (235)
acknowledged Werner’s claim but, in addition, suggested an additional structure,
viz.:

—C==—=N
N
(6]
|
N2
0

He arrived at his conclusions from an examination of the chemiecal evidence
available at that time, which included the stability of the C.N.0, group, the
lack of strong oxidizing properties characteristic of peroxides, and the fact that
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some of the compounds could be reduced to furazans. According to this rea-
soning, these compounds appeared to be oxides of furazan, although none of
them have been prepared by the oxidation of a furazan.

An undercurrent was present in the literature at about this time which bore
evidence of support for a peroxide bond in the furoxan structure but which
Wieland obviously ignored. In 1889 Beckmann (28) prepared a straight-chain
compound by the careful oxidation of a-benzaldoxime with alkaline potassium
ferrocyanide. At the same time, he was able to perform a further oxidation on
the substance and obtain the expected furoxan. Beckman gave the following
formulas and melting points:

C¢H; CEH=N—0 CeHs =N—?
CeH; CH=N——-(B CeH; C=N—0
Straight-chain compound Ring compound
Melting point 105°C. Melting point 114-115°C.

The analyses reported were not good by modern standards and raise a ques-
tion as to their acceptance. Although Scholl (187) referred to Beckmann’s work,
he did not repeat the experiment to give corroborative evidence. Other investi-
gators (47, 48, 60, 123, 131, 203) repeated Beckmann’s work but presented
conflicting evidence, especially on melting points. The information is highly
suggestive that a peroxide type link is formed between two nitrogen atoms in
aldoximes by controlled mild oxidations, but corroborative evidence is lacking.
To this must be added the evidence of Henry and von Peckmann (79) of the
formation of a peroxide link in a ring in which additional carbon atoms are
present between the carbon atoms attached to the nitrogen atoms, viz.:

oxidation

CsHsC——CO—(l]JCOOCsz —_— CsHscOO("lCOﬁ]COOCsz
OH HON E IE)I

This particular oxidation was performed with fuming nitrie acid. It is unfortu-
nate that detailed corroborative evidence is not available for this interesting
reaction.
At about this same time (1906) Angeli (14, 15) undertook to reinvestigate
the situation. His contention was that a substance containing the group
C=N;0, may well be considered as a pernitroso derivative or as the ether

of an N-nitroso dioxime (I), which is analogous to the ether of an N-alkyl oxime

\C=N——NO >C——N—CH3

I II

(IT1). However, this structure would require that the nitrogen atom be penta-
covalent, a fairly uncommon occurrence for nitrogen.
Later Green and Rowe (66) at first suggested from a consideration of the
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chemical properties of the aromatic furoxans which they prepared that the
extraannular oxygen form accorded more with their results, but the inability of
Forster and Barker (57) to obtain isomers in the aromatic series caused them to
suggest a new symmetrical structure

—C N
o” Yo
AN

—C——N

with which Green and Rowe, as well as Angeli and later Bigiavi (14, 15, 32, 67),
agreed.

Wieland (225) did not accept these arguments and from steric arguments
reiterated his belief that the structure was either

—C=—=N —C=N

LTy
O or (6]
. ————N/ _ =N/

N
\O/ \0

Such a structure would obviously predict that unsymmetrically substituted
furoxans should exist in two isomerie forms.

In an attempt to settle the differences that existed from the failure of investiga-
tions to produce isomers in the aromatic series of compounds and at the same
time eliminate the instability implications of the peroxide type formula, von
Auwers (16) proposed from spectroscopic evidence that an equilibrium of the
following nature was possible, which might account for the diversity in structures
so far encountered.

0

7N\
NON=0 « N N « O=NON

0

Kinney and Harwood (99) in their first paper agreed with the four-membered
ring concept, in spite of the earlier demonstration of the existence of isomers in
the aliphatic series by Meisenheimer, Lange, and Lamparter (110).

Later Kinney (98) repeated the work of Meisenheimer, Lange, and Lamparter
and concluded that the furoxan had an unsymmetrical structure. Little has been
added to this evidence since 1929, although Ponzio and his school (117, 118, 119,
120, 122, 147, 154, 155, 156, 166, 199, 201) attempted on the basis of data on
physical measurements—such as cryoscopy, electromotive force constants, and
Raman spectroscopy—to give evidence of the true nature of these substances,
especially for the aliphatic series.

In 1956 Boyer (46), through a study of the spectroscopic relationships between
furoxans and nitroso compounds, pointed out that although these substances
gave infrared absorption spectra in the 2 to 25 micron region which were closely
related, their absorption in the ultraviolet had three different distinet regions.
The furoxans absorbed at 255-285 mu, the normal aromatic nitroso compounds
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absorbed at 265-310 mu (two bands), and the Y-dinitroso aromatic compound was
observed to absorb between 250 and 410 myu. He therefore suggested that all
aromatic o-dinitroso compounds cannot be considered as being merely furoxans.

The evidence available currently is insufficient to permit a definite choice be-
tween the various structures suggested for the furoxans. Despite sixty years of
research none of the following structures have been eliminated.

R—R’ R—R/ R——R’
be de 0—=d No”
I II III

This being so, the postulation of the existence of isomers immediately follows.

IV. ISOMERS OF FUROXANS

In considering isomerism in the furazan oxides it is difficult to exclude a priors
any of the various types of isomerism possible. Certainly, until the true structure
or structures have been confirmed in an unequivocal manner, structural isomer-
ism and stereoisomerism should be expected without excluding the possibility of
optical isomers under the latter category.

Since Wieland (225) was a strong proponent of the unsymmetrical structure,
it was naturally he who offered evidence for the existence of isomers in the mono-
phenylfuroxans. Over a period of years, Ponzio (137) attempted to vitiate this
evidence even to the extent of offering proof that only a single compound existed,
which he believed to be (155) benzoyl nitrile oxide. Later Ponzio (156) reversed
himself and not only acknowledged isomerism in this particular compound but
indeed implied that it was of a stereoisomeric character.

That isomers of certain of the furoxans do exist is difficult indeed to refute.
Certainly the evidence as presented by Meisenheimer, Lange, and Lamparter
(110) and corroborated by Kinney (98) leaves little doubt, at least as far as the
particular compounds which they studied are concerned.

The isomers were prepared as a mixture from the oxidation of either the a- or
the B-glyoxime and separated by fractional erystallization from acetone. Kinney
improved the separation process by using alcohol but, more importantly, supplied
the only corroborative evidence of the preparation of two isomeric furoxans from
two isomeric glyoximes. That is to say, both investigators prepared the a-furoxan
by oxidizing the vy-dioxime and the S-furoxan by oxidizing the 3-dioxime.

These two isomeric oxides of phenyl-p-methoxyphenylfurazan react with
ozone in the same manner as the diphenyl derivative. When treated with cold
sodium hydroxide the a-isomer yielded anisic acid, while the B-isomer produced
benzoic acid. The residue from the a-isomer when boiled with sodium hydroxide
vielded largely benzoic acid, and the residue from the B-isomer gave largely
anisic acid.

The attack of these substances by ozone, as shown by Kinney, can then only
be explained by its addition to the nitroso group. Since the carbonyl group adds
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ozone, it seems reasonable to assume that the nitroso group would react in a simi-

lar manner.
C¢H;—C—C—C¢H;OCH;
| % I

JNH;OH

CGH‘;—(“]—-———C—CJ:L 0CH;

NOH 1\|TOH
v-Dioxime
1oxidation
CGHE—O——(IIE—CGH4OOH3
NO
ANV 4
0

b

C¢H;—C——CH,OCHj
N NO-0O,
0O

J,OOId NaOH

HO('IJC;,H.;OCHs 4+ residue

NaOH
boil

CH;COOH

C¢H;—C—C—C,H,OCH;

HO
lNHaOH
CaHs—(!j—’C—CeHax 00H3
HOILT HO
s-Dioxime
J oxidatio_n

C¢H;—C—C—CH,OCH;

ok
Ny

b

C.H;—C———C—CH,OCH;
0;-0
0

lcold NaOH

CeHsCOOH + residue

NaOH
boil

HOCCH.OCH;

The consequence of this conclusion of Kinney required that his earlier evidence
for ethylenic (99) double-bond character be modified considerably to suggest
an unsymmetrical furazan oxide structure.

The structures assigned to the oxides by Meisenheimer should then be correct,
since the process of ozonization and decomposition with alkali requires that the
extranuclear oxygen atom be attached nearer the p-methoxyphenyl in the a-
or higher-melting isomer, and nearer to the phenyl group in the 8-isomer.

Furazan oxides are easily prepared by oxidizing 1,2-dioximes, but except for
the above, no other cases have been reported in which two furazan oxides have
resulted from the oxidation of isomeric dioximes. This may result from the fact
that the maximum number of isomeric dioximes, according to the Hantzsch—
Werner theory, of a dissimilarly substituted a-diketone has not yet been pre-
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pared and oxidized. The only other attempt to provide additional evidence to
confirm or deny this behavior is concerned with the oxidation of the four isomers
of 2,3-camphane dioxime (56, 99).

In the former article the claim was made that the a- and S-dioximes yielded
the same oxide melting at 144.5°C.; in the later article the claim was made that
an identical product melting at 144-145°C. was obtained from the oxidation of
the y- and é-isomers. On detailed examination, however, it is evident that the
data in the two papers are not self-consistent and that the basis for claiming
that the same oxide was formed by oxidizing the four dioximes is not firm. It is,
however, noteworthy that both papers record the fact that the oxidation prod-
ucts exhibit optical activity. In a later paper by one of the same investigators
(98) isomerism in the furazan oxides was claimed but not resolved with the non-
existence of isomers noted in the earlier paper.

Additional pairs of isomers have been clearly defined, but their preparation
and properties have not been corroborated to the same degree as in the case of
the methyl(methoxyphenyl)furoxans. Since Ponzio has been an intense proponent
of the symmetrical dioxdiazine (glyoxime peroxide) structure,

the higher-melting isomers in table 1 are termed furoxans and the lower-melting
forms are termed dioxdiazines, in agreement with him (145).

It is important to note that in table 1 only those furazan oxides having non-
symmetrical side chains have been claimed to have isomeric forms. In the case
of symmetrically substituted furoxans and aromatic furoxans of the type

/N
2N

CsH, N /O

N
N
h"
0
TABLE 1
Isomers of furoxans
Melting Point
Compound References
Furoxans Dioxdiazines
°C. °C.

Phenyl(methoxyphenyl). ............oo0vvte 108-109 104-105 (98, 110, 144, 147)
Methyl(methoxyphenyl). .......ooviveivnves 99 80-81 (142, 143, 145)
Methyl(bromomethoxyphenyl).......... .. .. 116-116 109 (142, 143, 145)
Methyl (nitromethoxyphenyl) . ....oovven..n., 112 88-89 (142, 143)
Phenyl-o-tolyl.....oooiviiiiiii i 103 86-87 (109)
Phenyl-m-tolyl. .......oooiviiiiiiieaen. 75.5 77.5 (58, 109, 202)
Phenyl-p-tolyl. .. .ooivi it 121 117 (38, 109, 202)
Monophenyl.. . ...o.iiiiiiiiiii i 111-112 108 (137, 138, 156, 160, 163, 225)
P-Tolyl. o oo 108 100~101 (21, 159, 163)
Methylphenyl.......ccoovveiiiiiiiiiinennen, 96 62 (22, 114, 142, 143, 171)
Methyl-4-bromophenyl...........covivvniennn 108109 88-89 (142, 143, 169)
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the evidence for isomerism is fragmentary (38), although experiments have been
performed to establish their existence (58, 67, 99).

Tautomeric isomers are certainly possible and have been implied and claimed
by certain investigators. Unfortunately, since the furoxans and their tautomers
can be formed during the same reaction, under identical reaction conditions,
from the same starting materials, attention has not been given to isolating and
identifying all possible products and their possible mode of formation. This is a
probable cause for a great deal of the confusion evident in the literature and the
reason why a satisfactory conclusion regarding isomers cannot be reached.

The clearest deseription of one mode of tautomerie isomerism is the isoxazolinic
transformation (4, 202, 235). These investigators proposed that on treatment
with base the disubstituted furoxan nucleus rearranges in the following manner:

RC——CCH;, RC——CCH; NOH
Lo b o | - rodocm
\0/ \O AN O/ {11_
Another type of tautomerism proposed in the preparation of the furoxans is that
of Bougault and Robin (39, 40). The product obtained was formulated as

CGH5
C¢H; C=N—0—C=C
N=0

and named dibenzenyl oxoazoxime. More importantly, these investigators per-
formed a semiquantitative analysis for all products and reported a 35 per cent
yield of benzaldoxime peroxide, a 4-6 per cent yield of benzoyl benzaldoxime,
and a 15-20 per cent yield of dibenzenyl oxoazoxime. Confirmation of these re-
sults was attempted by Ciusa and Parisi (47, 48, 129); although a dibenzenyl
oxoazoxime of the same melting point was recorded, no yields were given, a
different structure was proposed, and an isomer of oxoazoxime was claimed as
well as the formation of the furoxan. It seems clear that the alkaline oxidation of
oximes can produce tautomeric isomers, but information is lacking on the strue-
tures obtained and the extent to which each is formed.

In the acidic oxidative preparation of the furoxans, still another type of tauto-
meric isomerism has been reported (30, 31, 174, 194, 207). Again, although some
confirmatory evidence exists in these papers for the formation of the following
tautomer from the reaction of acetone and nitric acid,

N—O
7 AN
HON=C—C C—C=NOH
AN V4 (E
H,C O—N H,

the constitution has not been established incontrovertibly, as the most recent
investigator maintained.
The lack of sound evidence for the general existence of stereoisomers in the
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various types of substituted furoxans has had several implications. The absence
of isomers or the failure to detect isomers in symmetrically substituted furoxans
has caused much of the indecision that is attached to accepting the extraannular
oxygen ring as the furoxan structure. In addition, the Hantzsch—Werner theory
as to the stereoisomeric nature of the glyoximes and their relation to the oxidation
products has been attacked with considerable bitterness, and attempts have been
made to deny its applicability to stereoisomerism in the nitrogen system of com-
pounds (147). It is difficult to accept this view. In the first place methylethyl-
aniline oxide and other amine oxides have been resolved into their optical com-
ponents (103, 104, 105, 106, 107), as has the oxime of 4-cyclohexanonecarboxylic
acid (112). Other expected resolutions of derivatives of hydroxylamine, hydra-
zine, ete., have not been successful (108), but this may be a direct result of the
instability of the one form. Certainly one can conceivably prediet homopolar
bonding in the nitrogen-to-oxygen bond in the amine oxides and a nonplanar
arrangement of bonds in the oximes which would produce the necessary condition
for stereoisomerism.

It is necessary also to account for the lack of reported isomerism in the aro-
matic furoxans.

N
7\
0
N
N

N
0

CeHy

This cannot be done at the present time with any degree of satisfaction. However,
one might consider (1) that intensive searches have not been made, (2) that the
missing isomer could differ from the reported structure considerably in stability,
and (3) that a phenomenon similar to that suggested by Hammich takes place
in the process of formation or resolution (71). It is possible, however, that in the
liquid state the aromatic benzfurazan oxide passes to some extent tautomerically
into the symmetrical o-dinitroso-form, which would lead to the conversion of an
unstable oxide into its stable isomeride and account for the apparent existence of
only one form.” Color changes accompanying the heating of solutions, the re-
ported ease of tautomeric change, and the apparent lability of the ring are all so
vague that they can be offered only as evidence for speculation and not con-
clusion.

V. REACTIONS OF FUROXANS

The reactions of the furoxans are varied. Indeed, a system for describing the
manner in which they react would be as varied as the number of structures avail-
able for study. Although the substituents on the ring must have a marked effect
on the reaction mechanism, only a limited amount of detailed study has been
made to define the differences. These studies have been done in recent years—
for instance, in 1950.

In 1950 Alexander, Kinter, and McCollum (1) suggested a mechanism for the
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formation of dibenzoylfurazan oxide. When phenylmethylearbinol, acetophenone,
isonitrosoacetophenone, or w-nitroacetophenone is treated with fuming nitrie
acid in boiling glacial acetic acid, the principal product obtained is dibenzoyl-
furazan oxide.

Experimental work indicated that of the four starting materials only w-nitro-
acetophenone would be transformed into dibenzoylfurazan oxide in the presence
of oxide-free nitric acid or concentrated sulfuric acid. Alexander, Kintner, and
MecCollum suggested that all of these reactions imply the intermediate formation
of w-nitroacetophenone. Their proposed reaction scheme is given below:

HONO HNOs

CH;COCH; —— CH;COCH;NO ——— CsH; COCH,NO:;
OH
/
— C;H;COCH=N
N
0
I
OH OH
e ./ /
CsH;COCH—N 2 CeH;COCH=N
OH OH®
-hﬁ
—~ {/ OH T /OH“
-3
CoH; COCHAN CoH; COCH—N
t N N
| 0 )
1 —
! /OH OH
I . .
CsH; COCH—X CsH;COCH—N
N AN
OH 3 0H_|
l
(')H on
C+H; COCHN=»0 CoHsCOCHN—O
D \ L
0 + H° = OH.
C.H;COCHN CH; COCHN
H OH
I CoHsCOC=N—0
~2H,:0 N AN
‘ 0
CsHsGO =N

On the other hand, in 1955 Snyder and Boyer (193), working on the synthesis
of furoxans from aryl methyl ketones, stated that they were in general agreement
with the mechanism proposed by Alexander, Kinter, and McCollum (1) as to the
formation of furoxans except with regard to the status of w-nitroacetophenone
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as an intermediate. The observation that the latter is converted to the furoxan
by nitric or sulfuric acid in glacial acetic acid, but not by hydrochloric or phos-
phoric acid, does not necessarily require the intermediate formation of w-nitro-
acetophenone. Snyder and Boyer considered that the dehydration of the nitro
compound to the nitrile oxide by nitric or sulfuric acid followed by its dimeriza-
tion, exactly as previously proposed for the reaction of methazonic acid (183,
226), was entirely applicable here.

ArCOCH; N9, ArCOCH,NO

|

ArCOCH=NO,H @ HNO: = A,CcOCH=NOH

. Jzsos

H+ AN ArCOC=N-0
\\ l
dimerization
\‘ Jy A
[ArCOCH=NO;H;]* oo ArCOC—ICCOAr

N
\O/ o)

Snyder and Boyer concluded from their experiments that the conversion of
methyl aryl ketones to furoxans by the action of dilute nitric acid in acetic acid
probably does not involve the formation of the nitro ketone, that the transforma-
tion of w-nitroacetophenone to dibenzoylfuroxan by concentrated nitric acid in
acetic acid proceeds by way of nitrosation, and that the main function of sulfuric
acid was to act as a dehydrating agent.

Without doubt, reduction reactions involving the furoxans are the most preva-
lent in the literature and the reducing agent most commonly used has been a
metal in the presence of acid. This is a strong reagent for this type of reaction and
results in strongly reduced products. Most commonly the product obtained is the
dioxime (4, 10, 109, 110, 212, 235), as is the case for example with the phenyl-o-
tolylfuroxans, the phenylfuroxans, methyl(methylenedioxyphenyl)furoxan, the
phenyl(methoxyphenyl)furoxans, and the bis(benzoyl)furoxans. The use of the
same reagent can, however, result in the formation of the parent hydrocarbons
(84, 87, 130) from bis(anisoyl)furoxan and bis(benzoyl)furoxan, the diketone
(81, 87) from bis(methylbenzoyl)furoxan and bis(p-ethoxydiphenylene)furoxan,
the amine (90) from naphthoquinone furoxan, and even complete decomposition
(181).

The use of stannous chloride as the reducing agent differs in that although re-
duction in general stops at the production of the furazan (18, 35, 173, 202), as
exemplified by methyl(methoxyphenyl)furoxan, bis(phenyl)furoxan, furoxan
dialdoxime, and dibenzoylfuroxan, it can extend to the formation of the amine or
the diamide as in the case of naphthoguinone dioxime (90, 237). Some reactions
involving the use of stannous chloride have not been explained (4), while the
others, especially those in which long side chains are present on the furoxan nu-
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cleus, exhibit a complicated series of reactions in which reduction of the furazan
to the glyazine and lactone formation on the side chain can occur. The behavior
(130) described with furoxan methyl dimethylacetoacetate is a good example.

The behavior of furoxans on reduction by hydroxylamine (68, 158, 177, 237),
hydrazine (57), hydrogen, ammonium sulfide, phosphorus sulfides (4, 90, 192),
sulfur dioxide and thionyl chloride (33, 226), phosphorus and sodium (18, 189),
phosphorus pentachloride (4, 142, 235), and hydrogen iodide (18, 62) is much
like that described for zine and stannous chloride in that the specific furoxans
plus the specific conditions will determine whether a reaction occurs or whether
the product is a furazan, an amine, a dioxime, or a decomposition product. Al-
though a definitive study has yet to be made, reduction by zine or hydroxylamine
will, in general, result in the formation of dioximes and not furazans, while re-
ductions by the other agents deseribed will result in furazans and not dioximes.

The oxidation of furoxans has been reported in a few instances. The most in-
teresting reaction is one reported by Kinney and Harwood (98, 99). This has
been described in a previous section.

Although the oxidation by potassium permanganate of methyl(oximino-
benzoyl)furoxan is reported to form (77) benzoic acid and of methyl(methylene-
dioxyphenyl)furoxan by potassium ferrocyanide to form piperonylic acid (4)
with destruction of the ring, careful oxidation by potassium permanganate of the
latter furoxan has also been reported as forming a furoxan acid (11). Certainly
the position is not clear, since similar oxidations have not given readily identifi-
able products (194).

A wide variety of reactions has also been reported for the action of acids on the
furoxans, ranging from no reaction at all to complete decomposition. From this
point of view bis(furfuryl)furoxan must be a very stable substance, for it is not
attacked even by boiling sulfuric acid (184), while bis(iodo)furoxan with only
slight heating is decomposed, forming iodine and hydrogen sulfide (192). Steiner
(195) has reported that furoxandicarbonamide is reprecipitated unchanged from
concentrated sulfuric acid by the addition of water, while the diethyl ester of the
acid is decomposed by strong acids with the production of carbon dioxide, alechol,
hydroxylamine, and oxalic acid (130, 181). Reactions intermediate between these
extremes have also been noted. Holleman (81) obtained p-toluic acid by treating
bis(methylbenzoyl)furoxan with sulfuric acid and benzoic acid from benzfuroxan
by the same treatment. He did note, however, that continued treatment (84) of
benzfuroxan with hydrochloric acid for as long as two days under reflux resulted
in complete decomposition. Although the one ester group can be removed from
ethyl furoxandicarboxylate with sulfuric acid (236), and p-nitrobenzoic acid is
obtained from bis(p-nitrobenzoyl)furoxan (77), hydrochloric acid decomposes
(oximinobenzoyl)methylfuroxan to yield benzoic acid as the only isolatable
product, and complete rearrangement of bis(acetoxime)furoxan was reported
by Steffens (194) as the result of its reaction with sulfuric acid. One might
expect that the unsymmetrical furoxans would be more susceptible to rearrange-
ment and/or decomposition than the symmetrical ones. However, according to
Ponzio (177) benzoylphenylfuroxan is unattacked by hydrochloric acid.
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In general, the products of the reaction of ammonia and the amines with the
furoxans are the amide or the amidoxime: dibromofuroxan yields oxal dia-
midoxime (222); phenylfuroxan yields the oximidobenzoyl amidoxime (235);
bis(methylbenzoyl)furoxan gives the p-toluic acid amide (81); ethyl furoxan-
dicarboxylate yields the ethyl furoxandicarbonamide (220); diacetamide-furoxan
gives the fulminuric acid (208); furoxan methyl dimethylacetoacetate yields the
dimethylmalonamide (130) when the reaction mixture is separated quickly or
methyl dimethylmalonate when the reaction is allowed to proceed for a longer
time. Interestingly enough, both diphenylfuroxan and dimethylfuroxan react
very slightly if at all at room temperature (187, 235).

From a study of the action of primary amines on furoxan methyl dimethyl-
acetoacetate, Perkin (130) concluded that the reaction with furoxans is gen-
eral if two acid side chains are present.

N=CCOR

HON=CCOR
(6] + 2NH2 CsH5 - é + CeHsNHCOR
. CeH; N(OH)N=CH 11
N=CCOR 1

0

Product I is not often isolated, since it is very unstable and loses water to form an
isotriazole. Perkin remarked that in the reactions studied by him only one of the
side chains was removed even when both were identical. Perkin’s argument
seems well substantiated by the extensive work he described as well as by the
result of Boeseken (36) on bis(toluoyl)furoxan. His view is corroborated, in prin-
ciple at least, by the general view of Wieland (233, 235) that the furoxan ring is
ruptured by amines to give amidoximes which can then further react in the
manner described. Sinee Perkin used aniline and its chlorinated product for
studying this reaction in a furoxan with fairly long side chains, it might be well
to mention the products resulting in some other cases, especially since both prod-
ucts conceived by Perkin were not always recovered. In the case of bis(anisoyl)-
furoxan, the primary reaction product was either too unstable to be recovered or
else overlooked in the separation of the anisic acid anilide (87). With monophenyl-
furoxan, the amidoxime alone was reported and no reaction occurred with di-
phenylfuroxan (233). In the case of furoxan dialdoxime, although reaction oec-
curred on one side of the ring with aniline, destruction of the ring did not occur
and a stable monoaniloxime was obtained (226).

The final products of the interaction of the unstable intermediate proposed by
Perkin with primary reagents and other products could, of course, be varied. In
addition to straight-chain derivatives, the diazoles (138), isoxazoles are com-
monly obtained (233).

The effect of bases on the furoxans, much like that of the acids, ranges from no
reaction to complete decomposition without regard to the alkalinity of the re-
agent. The situation with regard to a detailed understanding of the reaction in-
volved is much less complete for this type of reaction. It is apparent, however,
that long aliphatic side chains are more susceptible to reaction than are aromatic
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or even ring side chains. Diphenylfuroxan (235) is attacked with difficulty to
yield benzoic acid, while difurfurylfuroxan is not attacked (184). Ethyl furoxan-
dicarboxylate is decomposed completely (130, 181), as is benzoylphenylfuroxan
(7.

Under certain conditions no product is obtained—for instance, with isosafrole-
furoxan—while a more intense reaction can result in the formation of an isomeric
oxazoline (42). In addition, however, attack by alkali can produce a variety of
produets resulting principally from opening of the ring (235). Furoxan dialdoxime
vields the potassium salt of 1,4, 6-triisonitroso-3-nitroketone, bis(anisoyl)furoxan
(226) gives the potassium salt of anisic acid, phenylfuroxan (64) yields the form-
hydroxamic acid or benzonitrile depending on reaction conditions (235), bis-
(mesitylene)furoxan yields the mesitylene carbonic acid (24), and furoxan di-
aldoxime gives the pyrazole (226).

Derivatives of the furoxans have been described. The acetyl and benzoyl de-
rivatives are available for such compounds as dibromofuroxan (33), (oximino-
benzoyl)methylfuroxan (77), the addition compound of bisbenzofuroxan (84),
furoxan dialdoxime (226, 231), and bis(acetoxime)furoxan (194), but usually
attempts to make derivatives keeping the furoxan ring intact have failed.

An exception, of course, exists in the nitrated aromatic furoxans. Nitration of
benzfuroxan has been reported to yield well-defined compounds in which the
entrance of the nitro moiety occurs with relative ease (52, 65, 68, 238). These
nitrated compounds and a few of the unnitrated furoxans and their salts have
been reported as being heat sensitive to the extent that explosions have been re-
ported (77, 96, 154, 195, 236).

Grignard reactions have been attempted with varied success. Ponzio claimed
the preparation of phenylmethylglyoxime from the reaction of phenylfuroxan
with methylmagnesium iodide (138) but later acknowledged that the product
might be an addition compound (156). He also described the decomposition of
methylphenylfuroxan with the same reagent and the production (169) of either
tolyl cyanide, or toluene, with one or two moles of ammonia, depending upon
which isomer is used. Wieland (235) described the preparation of a labile addi-
tion produet from ethylmagnesium iodide and anisylmethylfuroxan as well as the
fact that phenylmagnesium bromide reacts with the diphenyl- and the phenyl-
anisylfuroxans (98, 110).

Aside from the recording of the melting points of the compounds prepared by
each investigator, the following references describe some of the physical char-
acteristics which have been reported: eryoscopy (114), crystallography (116),
heats of combustion (117), absorption spectra (16, 119), electric moments (54,
122, 199, 201), dipole moments (91), infrared spectrometry (45, 65), parachors
(71), and Raman spectra (120).

A patent has been granted to Tappi and Forni,! who claimed that benzfuroxan
and its derivatives have bactericidal activity.

Although some of the reactions of the furoxans are more definitely known than

1 Tappi, G., and Forni, P, V. (University of Torino): Ann. chim. appl. 39, 338-43 (1949).
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other information about these compounds, it is highly suggestive that our knowl-
edge of them is not complete.

V1. PREPARATION OF FUROXANS

The furoxan structure is formed by an oxidative reaction. Although most com-
monly the oxime has been used with a large number of oxidants to form the de-
sired structure, historically the first preparation of a furoxan was that of Tonnies,
who prepared anetholefuroxan (202) by the oxidation of anethole with sodium
nitrite in acetic acid. Although Tonnies did not report a structure for the sub-
stance, he did indicate the fact that two atoms of nitrogen and two atoms of
oxygen had been added to the anethole molecule. It was Wieland (218) who
acknowledged that Tonnies had performed the first synthesis of a furoxan. Since
that time organic nitrites (60), nitric acid of various concentrations (154, 215),
chlorine and iodine (39, 129, 187, 213), potassium ferricyanide (19, 100, 217),
sodium hypohalites (66, 142, 187, 213), nitrogen oxides (134, 187, 218), potassium
permanganate (33), and nitrosyl chloride have been used successfully (184).

In addition, substituted oximes have been used as starting materials for a
number of interesting preparative reactions. According to Wieland, anethole-
furoxan (218) can be prepared by the action of sodium hydroxide with anethole
nitroxime. According to Ponzio, bis(phenyl)furoxan (134) can be prepared from
the reaction of oximinophenylacetic acid and nitrogen tetroxide. Ponzio reported
good evidence (154) for the preparation of bis(benzoyl)furoxan from the reaction
of phenyl chlormonoxime and sodium acetate. A reaction related to the latter
for forming dihalogen-substituted parent furoxans from the halo formoximes is
discussed later. Again, although Behrend and Schmitz reported good yields of
nitromethylfuroxan (30) from the reaction of nitric acid and nitrosomethylglyox-
ime, they also claim that the latter can form spontaneously a product of the
same melting point at room temperature (33, 192).

Internal oxidation-reduction reactions have also been used in other reaction
schemes for the preparation of furoxans. Wieland prepared anetholefuroxan (218)
by boiling anethole pseudo-nitrosite in water or ethyl alcohol and bis(phenyl)-
furoxan (228) by heating phenylnitrolic acid to just above its melting point or by
boiling monophenylfuroxan (235). This type of synthesis has been useful for pre-
paring the aromatic furoxans, provided the reacting groups are ortho to each
other.

The first aromatic furoxan, i.e., benzofuroxan, was prepared accidentally in this
manner by Noelting, Grandmougin, and Michel (125), who in attempting to com-
plete a series of preparations of the nitrophenyl azides, steam distilled the ortho
compound for purification and noted a marked evolution of gas with lowered
nitrogen content in the product as well as a higher melting point. Noelting and
Kohn subsequently prepared tolylfuroxan (126) by the thermal decomposition of
of 2-nitrotolyl azide but, as shown by Zincke and Schwartz, were wrong in con-
cluding (238) that the reaction would not proceed if the methyl group were ortho
to the azido group. This reaction has been simplified and made a great deal safer
by simply using the hypohalite oxidation of an o-nitro amine (66).
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One particular compound has been prepared by a large variety of nitric acid
oxidations. This compound, ethyl furoxandicarboxylate, has been reported as
being prepared from propionyl ethyl acetoacetate by Bouveault and Bongert
(42), from malonic ester by Bouveault and Wahl (43), from ethyl acetoacetate
by Propper (180) and Wieland (830), from chloroximidoacetic acid ester by
Wieland (220), from ethyl dioximidosuccinate by Wahl (209), from 8,8-dioximido-
succinate by Beckh (26), and from ethyl isonitrosoacetoacetate by Jovitschitsch
(92). Despite all of this work the properties of this substance remain in question,
as does a definitive method for its synthesis.

Additional preparations for the furoxans have been reported with no definite
reaction schemes being described. No doubt, partial decompositions occurred
which by virtue of enhanced reactivity with the primary reagent permitted the
necessary oxidation to proceed. For instance, Ponzio and Charrier (168) reported
the formation of bis(benzoyl)furoxan from the reaction of chloroisonitroso-
acetophenone and silver nitrite; Werner and Buss (213), the preparation of bis-
(phenyl)furoxan from the reaction of either sodium carbonate or silver nitrate
with phenyl hydroximic acid chloride; Wieland the same compound from the re-
action of the same parent reactant with sodium hydroxide (235) as well as the
reaction of the silver salt of phenylnitrolic acid and iodine toform the bis(phenyl)-
furoxan.

The action of nitric acid or nitrogen oxides on ketones or ethylenic double
bonds has been used as a method for synthesizing the furoxans. Ponzio used con-
centrated nitric acid to prepare bis(benzoyl)furoxan from phenyl methyl ketone
(154), and Holleman used the same reagent with acetophenone (81) to prepare
the same compound, while Widman and Virgin (215) oxidized oxalyl diaceto-
phenone with concentrated nitric acid to obtain bis(benzoyl)furoxan. Wieland
(218), in preparing methyl(methoxyphenyl)furoxan, first made the pseudo-
nitrosite by the action of anethole with nitrogen oxides. The pseudo-nitrosite
when boiled in water or ethyl alcohol was converted to the furoxan.

Other interesting preparative reactions have been described. For instance,
Dimroth (51) reported the preparation of bis(phenylearbamyl)furoxan by boiling
4-isonitroso(phenyl)triazolone in 10 per cent sulfuric acid; Ponzio (177) described
the preparation of acetoxime phenylfuroxan from the reaction of either nitrogen
tetroxide or concentrated nitric acid with methyl phenyl triketone; chloro-
methoxybenzfuroxan was claimed by Green and Rowe (66) to have been formed
by the reaction of dinitroanisole with a methanolic solution of potassium hydrox-
ide containing sodium hypochlorite with 5 per cent active chlorine; and finally
Steffens (194) described the preparation of acetoxime furoxan by the action of
sodium bicarbonate on acetoxime glyoxime.

From the foregoing, it is apparent that correlative information on reaction
routes to the preparation of many large-molecule furoxans exists. The same can-
not be said for the more simply constituted furoxans of the aliphatic series in
general and for the parent structure in particular. In fact, no claim has been
noted in the literature for a preparative method for this interesting species, al-
though for a time fulminic acid was considered to be the parent structure (88, 89,
124, 187, 189, 221, 224, 229).
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In spite of the fact that furoxan has not been reported in the literature, and
although it seems probable that the simple derivatives of furoxan have been pre-
pared, an insufficient amount of information exists on their properties and be-
havior to permit conelusive statements. For example, dicyanfuroxan, first pre-
pared by Steiner (195), was reinvestigated by Wieland (226), who concluded
from a comparison of melting points that his preparation was the same
as Steiner’s. Wieland repeated Steiner’s preparation by the route of ammonium
fulminurate and concentrated sulfuric acid and added that this compound also
resulted (1) from the reaction of furoxan dialdoxime and thionyl chloride, (2)
from furoxandicarbonamide and thionyl chloride, phosphorus pentachloride, or
phosphorus pentoxide, (3) from potassium cyanide and dibromofuroxan, and (4)
by the removal of hydrogen chloride from formhydroxamic acid chloride. It is
apparent that Wieland based his conclusion on having prepared this compound
from its melting point of 42°C., for the only additional data that he determined
was a boiling point of 200°C. Ulpiani (205) reported the formation of a compound
having the formula C.0;N; and a melting point of 40°C. by boiling ethyl
furoxandicarboxylate in water.

In the paper by Wieland there is also described (226) the preparation of other
simple furoxans. Furoxan dialdoxime was reported to be formed in 64.4 per cent
vield by the addition of freshly prepared methazonic acid to concentrated sul-
furic acid. Wieland in the same paper also described the preparation of this com-
pound via two other routes: (a) from the action of chloro anti-glyoxime with
sodium bicarbonate and (b) from the action of sodium fulminate with con-
centrated nitric acid. Furoxan dialdehyde was obtained as a bright yellow syrup
by treating the aldoxime with concentrated sulfurie acid and sodium nitrite.

The preparation of furoxan dialdoxime is interesting in that two forms have
been obtained melting at different temperatures. Wieland’s preparation of 1925
(226), called the higher-melting form, was prepared as deseribed above. The
lower-melting form was described by Steinkopf as melting at 121-122°C. (197).
Wieland, Frank, and Kitasato repeated Steinkopf’s method of preparation (231),
by boiling the higher-melting form in water to obtain the lower-melting 8-form.
Although both reported melting points for the dibenzoyl derivatives for the
higher-melting form (181°C. given by Wieland; 184-185°C. given by Steinkopf),
only Wieland reported the dibenzoyl derivative (melting at 155°C.) of the lower-
melting one.

These two forms do not permit the conclusion that an isomeric furoxan strue-
ture was obtained, for the two forms probably result from syn- and anti-con-
figurations of the two oxime groups in the molecule.

Evidence for the existence of the halogen-substituted furoxans is more con-
clusive but still leaves much to be desired. Wieland first claimed the preparation
of a chloro derivative (222) from the reaction of mercury fulminate and chlorine,
The chlorine content was found to be 43.82 per cent as compared with a calcu-
lated value of 45.97 per cent. Holleman repeated this experiment and concluded
(86) only that the reaction was a complicated one. Then Birckenbach and Sen-
newald (33) studied the preparation again and reported a 30 per cent yield
from the reaction of dichloroformoxime and sodium fulminate.



J. V. R. KAUFMAN AND J. P, PICARD

448

pRIL

(s9) 601 | Jua0 tod gp 4BY |HOEN ‘CUITUBONII-o-[AYIOMII([-F g TOPNYHPOYFHD)-9
(s9) $91 PIRIA yuo0 J0d g ‘y8o7] ‘[JOBN ‘OUIPINOIOIULLI -GS ‘g FOSNTHOOFHDGON ¥ |~
89) €6 e £q WONEPIXO SWIBY[Y ‘6] punodwoy) YOPNZHYD
(89) 112 HO®N snoonbe ‘[DOBN ‘Ourprzueqosui-,g‘g FOPNCHPDFOENEHD
021 *IoWOSI pug
1 LTT ‘I0ULOST 95| uUIWI0Iq JO £9[oUr oMy ‘] punoduio)) FONRGTHRD | 0%
(89) 89 FONH Pa18Ijusducs ‘9 ‘g ‘p*¢-0mIX08139)-[-0USXIYOIAD) SOPNFHOMHON)-9E | 61
(99) ag HOH?D ¥ HOY ‘IDOBN “SUiIuUsoIo[qo-0-o1Tar-§ ‘g TOPNPHPO1O-9-09HFOG |77 81
(g9) 091 $907 “IDOBN ‘euITruBoI)I(]-¢ ‘] SONFHSDFONF-OPHDS |77 JAS
(99) €08 BOHD I HOY ‘IDO®N ‘SUlIU80I0[q2-0-01aI([-5 ‘g FONYHEOID9-OFHDS |77 91
PR
(882 “g9) 601801 | 3u2> Jod gf 489y ‘OUOZUIGIAYISWIP-g*J-OPIZR-F-OIYIN -G FONEHIDMEHD)-9F | g1
[€:)] 144 PPoi£ ueo 1od g4 “yeoy ‘apraw [Auaqdoryiu-g- SXOYIS-¢ TONCHDORHOS | 48
(822 ‘99 g9 ‘19) 86 PIRI4 uod xad g6 ‘yvoy ‘op1zs [Ausydonu-z-[AYIoly-g FOPNEHPOMHD S | 1
(822) 09 ¥83Y ‘OpTUIT SUAZUNGOZBIPTAY)OUI-Z-O1VIN-§ SOPNEHPOMHO R | 21
983y .w:osnwnovmsd‘Tohmﬁlmxosem.m Q)
(29) 69 483 ‘ULTUIGOPIZE-1-0I)TU-Z-0UIOIg-§ (%) ONEHEOIES | 11
IDOBN “SUIIuBONIE-Z-050[q)-¢ (9)
(29 ‘g0 i1 IDO®N ‘eurfrusoriu-z-010(q)-¥ (%) FORNEHOOLDG | ot
(89) P 1 PRIA qudd 1ad g “SONH PIIBIIUOUOD ‘¢ punodwor) SOENCHPOS(PON) -9 |- 6
(02 “28) 1opaod poa ‘sAtso[dxy H®S IOAYIS I[QUOS ‘f punoduror) (3788 3V) 20ANFHPO(:0ON)-9F | " 8
O*H
(04 28} | 0 UMM 918420 paOdxH HOX ‘v punoduwoy (3198 31) *OANFHOOF(FON)-9% | "~ L
{02 “29) 1838410 dATSO[dx HO®N ‘¢ punodwoy) (3788 BN} 30SNFHPOP(OND-9% | " 9
(0L ‘29) 1epaog ¢HN snoenbe ‘p punoduoy) (%8 VHIN) 50PNCHPORGON) 9% | g
pPRIL
¥ tod 06 “UNOOOSHO ‘HOFHN ‘spuHo[pd [£111 (q)
P1B o188q "0.07 0% 1897 CONH
(02 89 ‘90 ‘zg) | -owow ® ay[ seAwyeq gy | poyuryUGEOD YOS PoJBIUODUed  ‘uBXOINJozZUSy (%®) FOSNFHPOFON)-0F | i1
(89 “99 ‘z8) damsofdxa gy, PRIA Jued Jod g§ ‘481 ‘epIUIT SUSZUGOZEIPOIIUITF'g FOPNFHPOPON-S |7 €
PRIA quso Jad g9 ‘prod
(89 ‘99 ‘29) €51 | TONH Poysiussue Ol PeIRIjusoucd “uvx0mjozuog FOANFHPOON¥ |77 4
(85 ‘661 PIRIA qu00 Jod 86 SONH S3N[IP ‘owrxolp euoumdy-o (@
‘921 ‘09 ‘e9) 144 4504 {0pIRIl QUIZUG]OZEIPOIHIN-0 (%) FORNFHOD | 1
Do
SUBXO0INJOZUD g
SPOUITY Jurog Suryep uonjeredary punodwoy ON
SUDTOLN Y

& HIgV.L



449

¥ punodmos Jo wonsIMsI (1)

(96) 96 YOSSH ‘Prov JAX0qIedIpuszoIng Jo )[es wnusg (¥) HOOD =, g=49|""""" o
HO’HN
(%61 ‘19) Ov1-681 THON=(:ON) DO H)] 2U0}06080IIWOST-0-OX N -0 (HON=DDMHO = d =" | 44
ZON2Y “0u0}3980801)UOST-0-0I0[Y D)~ (q)
(891) o s[qwIsu) YOPNL {HON=H D00 H)] 9U03608080I3ru0sT (8) OO*HD =4 =Y i
SONH ‘(NDOOBN) ‘ejsurupny umipog (9)
HO’HN ‘68 punodwop (q)
S1[88 JPATIS pUB YOSSH PoeRuaouod ‘(HON=HO*HO)*ON)
(122 “9%7) | winipos aamwoldxe {gLI-1.1 (ouRTXOP[BY 1) pwB TeW (®) HON=HD = =" |""" oF
(922) | wazoy aund ut paureiqo JON *ONH ‘0% punoduo)) OHD =,4=4 | """ 6¢
(222) (P) €11 (IED) N “UBXOINJOWOIQI(] )N =, =1 |~ ge
(garod
Buifoq) “wur $1/G°L0T-§ 901
(061 ‘81 ‘O€M) (3utod Buifoq) gzg PIOIA Jus0 10d g9 “FORN ‘OQUITXOA[BLAYIUII(Y CHO=[=Y |- 18
(z61) 986 107} WY SUIPOT ‘OYBUTHIINY ILINDIOP 1=4=49|" """ P
0 PPRIL eanwnuenb
4 (€444 ‘eurmrorq  ‘(ENEOFHEOM) oMeAnmIWny  wnisesyod (q)
m ‘68T ‘L6 ‘68 “2€) og JUIUIOIq ‘@3BUIUIIRG OLIMIIIIY (B) x| g
o g I=u
& (3urod Juxioq) “D,091-3§T
W (23% ‘c8) (yutod Fuyproq) “wrwx L1/49 PIFIA §ud0 3od (g ‘OUMOY0 ‘9)PUILIM] OLMAISJ] o==1 """ ve
"_Eu JHYORNPDY ‘susxoang o138qdi[B [BOLIIOTH WA PNYIISqNSI(]
B
(o) 961 suIIxOTp Suoumboyyqdeu-g ‘I-AX0IpAH-L SOWNIHIOOH-LFON)89 |***** -
(7] s[BI8L10 easoldIy HOBN snoanbe ‘gg punoduroy) TOANIHOD BN L (FON) €% | ze
(0 ('P) 991 auiue ‘gg punodwo)) P NTHID G HDHN) -L2EON)-¢F |- 1e
[(17A] (144 EONH P23BIjusoucd ‘vQE[ PoIwIjucsuod ‘gz punoduro)) SOPNPH OO (CON) Sy [ oe
(zg1 4997 ‘auoedeuoPIZEOINN-Z ()
‘001 ‘06 ‘69) 231-921 IDOBN ‘owrxolp euoumboyydeN-z‘1 (%) BORNBHND | p
tONH PoIBIjusouco
(89) 16% | ‘¥'S ‘g 1-0pPHPAYBI}RUS[BYI{d¥UOUTI IXOIP-E ‘G-OXOI([-F ‘T BOINFQVH™D |t 93
[DO®N ‘¢ *g-9PLIPAYIP OUrMIZOIp-g‘Z-ousydsusoy ()
(€8T ‘69) 008N ‘eusyjydeusseouruis-g-onIN-7 (8) BOUNOHID | 1z
susxomjoyqden
(99 ‘99 ‘z9) €61 |  CONH Pu®*OSFH JO SIMXIUI [} ‘GeXOIMIOmRqIATION FORNPHP DFHO- G HFON)-8'F | 9
POI£ juoo
(59 S[ISAID SAISO[AXO 68 | 30d 9 **D,G8-08 18 8O ‘OUOZUIQOPIZBIP-*F-OINUI(L-E‘T HORNFHIDFON-9EN-G |- oz




J. V. R. KAUFMAN AND J. P, PICARD

450

(120 16 Jopem Ul 0 punodwod flog HON=HO = M ‘ND =4 | " 69
(26) (yutod 3uIIoq) g5z-052 FONH ‘10350 [4q30 PR sufinqouruxorq-g ‘o THOO00D = AEHD =4 [ 8¢
(£6) 00T 9a0(% sopo[dxe [8}ski)) 918 I0A[I8 9[qu08 ‘9¢ punoduro) AVOOO =, MDD =" | 18
(peup wnNnaBA) Zg
(euszuaq WOy} Ly
(g6 ‘1D (eyerpAgouonr) g9 EQNH Po18Iudnuod ‘prow of[AX0qIs0smxoASAqIop HOOD = HSHD =9 | " o9g
TOH @1moqoore ur OO0 *HD)HOOHD = A
(ogn (P) ¥6T | um ‘(10350 [Aqiowr prow OAUO[BI[ATIouUNp)sI| WEXOIN ] tHOO0DCHD)0D =9 |-
(923) 81 PIOLL 4ue0 30d g ‘SIDOS ‘0% punoduro) HNOD = A 'ND =¥
(¢47] $780T [ *ONH Surung ‘(“HE)Q0OFHDOODTHD) 10980 0130080400y THPD00D = 9 ‘HOOD = ¥
@Lm 18T-021 POFN ‘QWIIXOLI} QU0 IAYIowI(] tHO(HON=)OD = A *HD = ¥
@ €828 SISA[0IPAY P18 Aq UBROIMJIAULY tTHD0D = 0 ¥HD = U
‘mour (9, 48 TONB[ISIp
uo sesodwovo(y ‘(yurod
(£81) | 3umroq) ww g-91/911-GTL SPIUBAOLIIS) WINISEE0d 10 PN ‘OWIZOARIAYIoN THD = MTHO =" | 0
PRI
(08) £9-99 | 9000 33d Gf *ONH ““ONH ‘OWIXOAIB|AYIOwWIAXOSOIIIN WON =D =9 | """ 6%
JHEOPNEDY ‘suBX0INg olBydIls [EOIOUITASEN PaynISqNSI
(yurod 3urpioq) 00z PRIA juao
(938 ‘502 ‘S61) 2 | °d 708 FOSTH PRIBNUSOUO) ‘QuNuUIuny WHIUOWWY NO=9g=9/|"" i
YOS°H poysn}
-U00U0d “(ANEQFHEDYHN) eAemmuiurny WRIomury (q)
(983 ‘603
‘807 ‘908 ‘¥0Z §)788 [BjoUL £AwaY YOSPH PejeIjucoucd
‘96T ‘16T ‘gp) | oAmo[dxe swioy {(P) 9% | ‘FCGHNOD)HOON] OPIWUSID pPHE  OTUO[WWIOIIN () HNOD =d =4 "~ 54
SONH ‘FEHDHD
[¢5] (yurod 3upioq) ¢8I-081 | *HOOOD(HON=) HD] ‘10150 [£1nGOST PIO% O1}00¥0UIWIZ() ECHOYHOEO00D = 4 =9 """ 9
(yurod
Suiioq) "WuI £g/121-0LT
(602 ‘902 (yurod PIRIA jue0 1od ¢/-0L ‘tONH
‘IST ‘08T ‘2¥) Bul[ieq) WU §T/T9T-65T | POILI|UGOWOD ‘PIB OIJROBOUTUIIZQOIONYD JO 10980 U4 HDO0D = =9 | 44
SONT 8ur
(17) | (yuiod Buiroq) “wiw g1/1gT | -Wn ‘CHOOODHDOIHD) 10183 [AYIOT PIOBONIL0I00Y FHOO00D = A =d | W
Do
JHEROPNEOY suexony oReqdI[e [BO1HIuwImAs pINInsqnsIq
SIOUIINAY jutod Junpw uwonyeredarg punodwoyy *ON

ponunuo)—g HITAVL



451

THE FUROXANS

CH*OHNN=)D = 4

(102) 691 ouzeapAy[Lusyd ‘Ig punoduio)) CHO = | 6L
(FH*D0DON=)D = /4

(102) 2Ll opuIo[yd [Aozudq ‘gg punodwoy) o= | 8t

(1em) oL ONH ‘ourxoA[FousLo[Auoy g D = ALIND =" | "
THID(CHOODON=)D'HD = 4

@D LP1-9F1 opupAYur 91308 ‘I punoduio)) IO = |t oL
ONH TTHO*HO(HON=)OHO=HD'H*J] SHED(HON=OFHD = /4

@ g61 “aU0}B0B[BZUSG-O-TAY)OW-0 JO SUITX() HO = | a1
SH*OHNOO = .4

(861) 191-091 SO0 ‘UER0IMY(AWIXO-TA0ZUI) AU o =9 | ¥
THPOMHOND) O = .4

(0719] 0£1-621 FOSN “OUITXOLI) 9uolaspAusqdiAylop SHO =1 | e
FOFN ‘omirzoA[3[AozucqiAqie-g () TH'O0D ¥ = .4

(LLT “86T ‘SET) 04 SISAJoIpAY pow ‘g) punoduio)) (¥) tHO = | 2L
SH(HON=)D = 4

(L 143 FORN ‘OUIIXOLI} QUOION I AQIOWAUSY I Ey =g | o
PHYDPONT-O*HO € = .|

(g8 68-88 tONH Pe)1uesuos ‘p9 punoduio)) SHO =¥ | " 0L

surmoiq ‘gg punoduwro) (q)

spruedo SHPOOPHD-F-1d-¢ = , 4

[€520] OTI-601 | -1110} WnIEswjod ‘S[OYIRUBOSOINUOSHPOWOIG-¢-gf 10 -© (B) Mo =1 | 68

P14 sanpEuenb ‘opruvAoLue} wnssejod

(ge2 812 ‘(3NFQFTHOY)) eurIxo suocueydordord £xoqjeur-H-0nIN-© () MIDOCHD T =

‘1% ‘708 *Se) 86 3ONH ‘(euszuaqilusdord-T-LxXoy)ow-F) o[oyuy (%) SHO =% | 29
*ONH ‘(euszuaq PH'DO'HEDF-0*HD € =, 4

(zo1) @8 | -[Auadoad-[-£X0Y}9-F-£X0jom-¢) IOYP [AYIe [OUdENaosy SHO =Y | 19
FONFHPDOMHO '8 = 4

(zon) 681 tONH PoYe13usnuce ‘9 punoduror) MO = | 99
IFHIDHOFHO) -V e = .0

(201 £¢1 eurmrolq ‘49 punodurory HO =9 | €9

SPIUBAILIIS] UINISSE])
-od ‘owrxo£|3(1Auoqd £X0qIaWIP-§ Q) [AYIPN-g Pue -» (q)

fONH ‘(ouozuoq HI°0MOtHO) ¥'e = .9

(20D 8IT | -[Ausdod-[-AXOYIEWIP-§'g) IOWI0 [AYIoW [0UEFN0ST (¥) SO = | 0

JHFORNFOY “SUeX0Iny 91p8uroxs oruydifs pajniisgnsi(y

(102) 082 op1zeqIEoTas ‘I¢ punodwos) CHNODHNN=D = H®HD =9 |~ - 20

(102) 8L sprpAqus 91399% ‘7¢ punodwio) SHDEHDODONDD = M A =49 |*" " 2

(102) 8L-8L SONH Perusouos ‘g¢ punodwo)) SHOGON)HO = g SHO =9 | 19
SHOOOD CHD)DFHNOOHNN=]D = /4

(0gM) L1041 apizeqaeoTWIos ‘g punoduo)) SHOOODY*HD)OHOHD = 4 | """ 09




PICARD

P.

KAUFMAN AND J.

V. R.

J.

452

HOFOBPOPON-9-%(0*HD)-4' = .4

(3} £-221 SONH Po38I3usiu0? ‘gg punoduro)) sHO =W | %6
HOOH?IG-9- 40 HD)§'0 = .4
w 181 surmroIq ‘g6 punoduro)) o =g | 16
ApruBAIMIR} wnissvjod ‘[OIdBSIOSOX)THOSH(T (q) SHOSOPHPOHOMHD) 62 = 4
03] 0,-691 SONH ‘(POF D) [ordusy (%®) O =7 | %
(P) s2e pawiBpP THEDCHPDHNN=)D = 4
(881) 631 | suro} omewost omy ‘oummmipAqilueyd ‘g, punoduio) o= | .
THEO("H*OOOOND)D = .4
(s¢1) 8G1-291 epLIojyo jAozueq ‘g), punoduror) SHO = | 6
CHD(CHDODON=)D) = .4
(881 SIT-ATY apupAyus oyye0r ‘g punoduio)) HO =W | ¢6
CHNODHNN=)O*HD = .4
L ('P) 612-812 9PIZBQIEOTUIos “UOKNOS PO Ul ‘{/ punoduro) SRy = | 26
CHOHNN=)O'HD = ¥
wn 091 suzRIpAY[Ausyd ‘7, punoduio)) SESO = A | 16
(H*O0D0N=)OHD = 4
(L0 181081 epLojga [Aozuaq ‘[, punoduroy) e =4 | 06
(HOODON=)HD = 4
(n 001 apupAyuE o1jeow ‘§y, punoduror) SHO = |t P
SFONDOtHD = 4
@ 981-9¢1 'ONH Po1eiussuos ‘1) punodwo)) sy =g [t 88
*ONH UoU3 “‘HO*HN ‘[F(EHO) HOTH*OHO=HDODH%)] SHOYHPOHOYEHD) b = .4
(02 19% ‘ou03oy ([A1£38[Ad0IdOSI-F) [Ayds] Sy = | 8
HO'™H) ‘HO®N snosnbe woy) ‘7N ‘opAqoepemsuur)) ()
THEDOBN ‘usxoinjiLusydororg) (q)
(912) €8 SEFOOBN ‘usxonyjSuoqdoriN () DO = MEHD =q | 08
YOFN ‘epAgspremsuur) (4)
(918) 69 EHDOBN ‘usxoanjjSuoqdornN (&) HO0 = M EHD =¥q | o
(912) () ser HOBN snoenbe ‘wexomjjLaeydonN HO= H9HD =¥ | """ 8
912) 9621 IOH W {[D)ug ‘UBxoImAueydoryIN AN = g UHD =¥ | £8
(351 19-99 YOIN “OUIIXOA[BOIOYI[AUY ] 0= Hem="a|" 28
(912) 001 PIOIA yus0 10d g FQFN ‘epAgopIeuISUUL) YY) = M YON =M | I8
THUOMFON)O7 = .4
(739] (P) 001 *QAN ‘34 punoduror) o = | 08
Do
CSHPQPNEDY ‘suexoing oljewors onwqdijR Payninsqnsy
SIDUIIIJAY jurog Sunippy uonjeredory puncdmo) ‘ON

ponunuo)—g HIAV.L



453

THE FUROXANS

(g61)
(g61)
(861)

(1s “09)

(gez ‘88z ‘08z
‘GIZ ‘€A1 ‘891
YT ‘021 38
‘e8 ‘18 ‘L€ ‘OT)
#61)
#61)
(98 ‘¥9)
(¢52)

an
(861)

(g61)

(g61)

(¥81 ‘98)

(202 ‘P81 ‘28N

(¥1% *012)
12

‘012 “09 ‘D)

(312)

[¢:1+4
‘$88 ‘838 02T
‘eI ‘281 ‘481
‘181 ‘621 ‘001
‘66 “86 ‘88 ‘08
8 ‘29 ‘62 ‘L
‘8% ‘61 ‘81 ‘9 ‘%)

(1418
218
891

281

18

9L1
§'99T-G"99T
681

80T

SL
ji=4

et

8ST
err
EvI-C¥i
861-L61

81

(eanssaad peoup
-8l 48 qutod Furgoq) 9gI-01L
187

{483

PP

quod 1od () SONH PoIB1ua0uod ‘9uousfdelaoBorinN -
ppi

qued 13d ¢§ CONH P8IBIjudoucy ‘ouousydojsvsor)iN -
PIRIA juo0

Tod (4 QN H 3109 19d (3}, ‘9uousyd0}eoe[A}ISoUIoumOIgf-te
981908 TINTPOS

‘HON=)IDODHN®II?J] 2PHO[Y2 P1o% S XOIPAY[IUEX()
PIRIA U0

1d ¢ SONH Perepueaucd ‘ouousydojsoeip[[ex() (9)

tONH pa1Brusouce ‘ourxoL[SjAozusqi(y (p)

ION3V ‘ououedojo0reosOITUOST-M-0I0[)-M (9)

tONH Pe18r1ueouo? ‘euoudsqdojoorosoriuosy (q)

PIRIA qued Jad §), ‘“ON H p2re1juesucs ‘euoudydojedy (®)

ourzeipAyjAuayd ss90x0 ‘IF punoduwio))

HOEBN snoenbe ‘epuo[qs [Aozuaq ‘gy punoduio))

PRIA U0 1od (3, POSEH ‘CON I ‘Ouousaydo3sosLxoyiop-¢

EONH ‘@uoudqdojeos[Ayowi(- g
£QDFEN snoanbe ur AuIpor ‘(HOOD(HON=) D*HDH?D]

prE sruordoldjAuoyd-g-ourmrx(y-o

PRL que 1od ¢ QN H Surmunj ‘ouousydojaow] Aoy
PPRI&

Jue0 Jod (g ‘SQONH PejeIjucoucs ‘ououeydojoororoy)-d
PIRIA juea

19d () ‘C*ONH POIBIuesumod ‘{suounaqdojorslAdoIdosT)siLy,

IDO®EN ‘ourrxorplismry-gf

FOIN ‘OWIXOPBIAIOL-F

HOJ snosnbe ‘opro[i{oop Ay SuIIXOpezusqoly N -§
H O3 snoenbe ‘991131u [AUIE0ST pus 9pix

-O[qo0IpAY 10 {(HON=—=)"H*D*ON] SUWIXOP[EZUaqOIIN-£

PRIA quo0 1od 0z "HOBN 90[1p ‘[1OH
-(HON=)OYH?DI))] 9pHO[qo0Ip LY SUWITXOP[BZUSGOIO])-Z

PIRIA 30 12d g ‘[DOBN ‘ewixorpjrzudg (4)
YOEN ‘omIxoppezued (%)

OO"H*O'ON-¢ =
OD'H?D*ON-¥ =
ODH*DIG-EE(CHD)-9'F°C =

ODHNH’D =

ODH®D =
TH'DHNN=(CHD)D =
THYDO0DON=CHD)D =
ODYH*DOHD =
OD*H* D (tHD)F'% =

HPOFHD =
0D*0*CON)-¢ ‘¢4(EHD)-9'7 ‘2 =

ODPHIOKDF
ODH?OHCHD)9'F'E =
YHUOOMHO Y =
YHIOMHO =
VHPOFON =

YH*DFON-¢ =

YHOID =

HYD =

A=4
A ="
d=9
=4

Ad=1
A=41
A=4Y
A=Y
=1
d=4
Md=4
A=4"

SFORNFDY ‘SUBXCIN] DTJRTUOIR [BILIOTIWAS PIYNITSNSI(T




PICARD

KAUFMAN AND J. P.

J. V. R.

454

(29) 0Lz< ?[DVJ*H ‘Ig1 punodwoy) MOIPHSNO"HM) = =" | 431
(29 “19) SET-be1 tQNH Furwng ‘SuiprauAdiSqiewi(r-v ‘g NEOFHD) = d =9 | 181
(29 ‘19) 0gz< *IONJPH ‘851 punoduro)y IFH NSO HD) = A =9 | 081
(29 ‘19) p) 29¥ P% sLjru ‘gz] punoduro) SONHZON*O*HYD = =9 | """ 621
sornyrIad
(29 ‘19) | -wrey J9UI1Y 18 OATSO[AES ‘FET EQONH Surmny ‘ourprunAdiAqion-§ INOPHOD =, =9 | """ 8¢1
81 FII-€11 HO®N 9In[Ip ‘OPLIO[Yd PIoB S BXOIPAYEAINIIN | OHD=d=9|" """ L3t
SUBXOIN] SI[PAD0IS}0Y [ROLIJPUITLAS PARNJIISqNSI(T
FOSPH PoYs1uaouod ‘CONH
(18) 18I | P3YBIT0U00  ‘(CHOODYHADOHY)) ejoreusydidjeoy-d (OOYHPDOHAO PSP’ = g =49 | """ 921
P14 U0 ad
18 EONH Poisijusoucs ‘oostus]41008-¢-0s0r31uos] (q)
(€61 “¥81 YOSt
‘88 ‘18 ‘bL ‘¥9) 6€1-8€1 | POIBIIUL0U0D QN[ POISIIUSIUOD ‘I0STUB[A300Y -4 (B) (OOYHPOOCHOP)®Iq3'e = A =9g | """ fera
(uo0
(5%) §¥G | 3°d 001) SONH ‘ououoydejeos|Aing-poi-g-lAeuniq¥ 'z | (ODHPOCHODD)-9*(FON) ¢ ‘¢ *(CHD)-F'ZPa¥'s = A= | """ 4!
(92) 91 6u0uaydojans]AINg-1497-9-1Aqjeun -5 3 [OO*HO(CHO)D-9FON=HO ¢ gs-7'e = A =9 | 241
(yuo0
(g2) 108 | °d (2) tONH ‘euouoqdojoss|Aing-j.o-9-[AqIoumi(q-§'y ODYHPDCHD) D 93(CHD) Ve = A =4 | 44l
PRIL Juso sod
(€61 ‘¥2) SFL | 08 ‘CONH Porsnueoucd ‘ououdqdojeos]AqIsWLL-9 v g OOFHDCHO) 9% = A= | " 121
PP jux0
1d g POSPH ““ONH Pojenjusouod ‘giy punoduro) (q)
qutod Funew asoqr YOSSH 99|
(€61) | PoIBOY wOYA §9PO[AXD (60F | -IP “CONH POIBIIUOUOD ‘GUouaqdojoos[Aqjowi(I- s (%) ODH*O*FON)-¢‘S*CHD)¥'e = =T | 021
PRIA 490 Jod QT ‘ONH P8Iy
(g61) 801201 | ~wd0U0D ‘[FFDHODHDM(*HD)] ducusydojeoviAyouni(-¥ ‘g ODVH DM HY) V6= d=9 | " 611
FONH Pa3e1jusouod ‘(FEOVH*OODH)) dusnjoif10y (q)
(€8 ‘18) 14 SONH PRBIFUeUO0D ‘F(*HD) HOVHYOFH D] 9udmA)) (8) ODHO'HO VT = M =49 | " 811
Do
CHRORNSDY ‘6UBX0INg 9RUIONR [BOINPUWIUIAS PaNYTISqnsi(]
[ealicdc) o) Juiod Sunep woryeredaly punoduio)) ‘ON

popnpuo)—g HTdV.L



455

THE FUROXANS

o
\-
N-O-N
i1
YO0 O0——0—0'H?D
I f
(912) (P) L0z SHNSHN ‘eI punoduro) N———— N T 1
(0]
/
N—O—N
| |
*HOO——0——0D—0D'HD
UMOI( 03 MOJ[OL TIOI} I0[0D = =
(¥61) | s0Bueyd (g1 1940 ‘Q6T-8BY HO®N P gy j1oq ‘gp punodwo)) N o N | -
SUBXOIN] JO SOANRALISD PHNINSYNSIP SNOIUB[[ISTY
THOCGHDODON=)D'HD = .4
(73] 281091 opupAyuw opooe ‘gp] punodwor) M=l 1
*ONH ‘[FCHO)HO *HO(HON=DOHOHOYCHD) -+ = /4
@) 181 | YHOHO=HO(HON=—)DtH))] 0Uc}ed¥[suImnd Jo WX H=Y4|] """ 54
OOFHOYHD'ONH = /4
(02)) 861-46T eONH Pejenyuesuoo ‘opl punodwo)) H=wl|" -
HO*HN ‘6¢I punodwo)y (q)
eyLryTu [Aurs YH*O(HON=)O'HD = .4
L) e’ WNIpos suri0] {617 | -08T ‘FHN(HON=)OHO=HOH?))] emIxojeou[ezusg (%) H=9(" """ 0FL
. THEDODHD = .4
[07)) 69T1-891 YON ‘[FHO(HON=)OHDO=HOH?))] SUIIX0}008][8zUg] H=9 | """ 681
YOIN (CONYHOHO'H?) = 4
(L2) 201-101 | ‘[H(HON=2)O(HON=)OHO==H)H*)] eWXOA[FA1£3g H=4|" "~ 88T
(91 ‘681) 101-001 SOSN “OWIXOA[B[A[OL SHOPHD = MH =¥ | 121
(982 “L8T ‘201
‘091 ‘99T ‘SEI) 891 YOUN ‘omTXOA[dj AUy g SO = MH=9 | """ 9T
SULX0IN] OETIOIE POINISGNSOUOTY
(9¢z “96) ('P) 68 POSYH NP ‘PIoE OPAXOQIEIIPUEIOIN] JO 4188 WNLIRY HOOD=d‘H=d9| " ger
(£81) | waIoj eand Ul pouIs}qo JON YOEN “OWIOATBIAqIS| SO = MH=¥9| " o1
(261 ‘88) P) 21111 PRIA qu20 Jod (9 50g 10 §FH ‘98 punodwog) =g E=%|" " sg1

WEOENTOY ‘SUBTOIN S1y¥qdf[s POyMINSqRSOuoyy




456 J. V. R. KAUFMAN AND J. P. PICARD

A dibromofuroxan was first prepared by Kekulé in the middle of the nine-
teenth century by treating mercury fulminate (97) with bromine. Although
he referred to the material as dibromonitroacetonitrile, he reported a melting
point of 50°C. and a boiling point of 130-135°C. with decomposition. Holle-
man (89) repeated this work and showed the supposed dibromonitroacetonitrile
to be dibromoglyoxime peroxide. Then Wieland (222) repeated the experiments
and evidently obtained a substance with the same properties as those reported
by Kekulé and Holleman but he renamed it “dibromofuroxan.” Wieland called
attention to the preparation of the true dibromonitroacetonitrile by Steinkopf
and Bohrmann (198), together with the difference in properties between the
two substances. Preparation with good yields of this material were then again
reported via the dibromoformoxine route by Birckenbach and Sennenwald (33).
In one case the formoxime was caused to react with either mercuric oxide or
magnesium oxide, or in a second case with fuming nitric acid, but a quantitative
vield was claimed for the reaction between dibromoformoxime and ammonia
gas. Unfortunately no further characterization of the compound beyond that
reported by its discoverer Kekulé was made by any of the subsequent investi-
gators.

Kekulé was unable to prepare a pure diiodofuroxan by the reaction of iodine
with mercury fulminate (97). Sell and Biedermann (192), by the same reaction
performed in ether, obtained colorless crystals which became colored at 70°C.
and melted at 86°C. In spite of its lack of color Birckenbach and Sennenwald
claimed that the material (33) was not pure, for it melted seven degrees lower
than the substance which they had prepared. They obtained white crystals
from the same reaction; on reerystallization from carbon tetrachloride the
substance was obtained as a cream-colored crystal powder, the color of which
remained after repeated recrystallizations. This material became colored at 89°C.
and melted at 93.5°C.

Clearly, the simpler molecular configurations of the furoxans exist, despite
the fragmentary nature of the data available concerning them.

VII. TABLE OF FUROXANS

Table 2 contains a list of the furoxans that have been obtained, together
with the method of preparation for each, its melting or boiling point, and
pertinent references to the literature.
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