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ABSTRACT 

Reaction of arolllatic nitrile osides with methanesulfonyl and beilzyls~~lfo~lyl chlorides in the 
C 1 
I 

presence of triethylamine 1 ielded sulfonate esters of a-chloroaldoxiines (R-C=N03SCI-12Rf). 
'I'nder the same reaction conditions, aldosimes yielded sulfonate esters, which decomposed to  
nitriles, and amidoxirnes yielded amidoxime 0-s~~lfonates ,  which were also prepared by the 

C 1 
I 

action of ai~lmoniurl~ hydroxide on R-C'=NO~SCI-I?PI~. Che~llical as  ~vell as nuclear mag~letic 
N I< 7. 
I 

resonance spectroscopic evidence confirms the fornuila R-(~=SOII for amidoxirnes. 

I n a s m ~ ~ c h  as cycloadditions of "sulfenes" to  certain nucleophilic olefinic compounds to  
give products \vith four-membered rings have been realized ( I ) ,  it became of interest to  
determine .L\-hether "sulfenes" \vould also cyclize with 1,3-dipolar systems. In fact,  
Truce et al. (2) have found that inetl~anesulfonyl chloride reacts with C,N-diphenylnitrone 
in the presence of triethylamine to give a seven-ring aza-sultone, presui~~ably via the 
sequence of steps shown in Reaction Scheme 1. 

E~,N 8 
R CH,SO,CI [RCH=SO,] 

PhCHNPh - 

Ph H 
/ Ph-CH- 

Ph-CH- 
I N'O -Q- 

R- CH -SO,' R-CH, ,O 

s o 2  

The present report concerns the behavior of another 1,3-dipolar system, nitrile IT-oxides 
(3, A ) ,  under "su1fene"-producing conditions. II7hen an ethereal solution of benzonitrile 
oxide containing triethylamine was treated \\it11 benzyls~~l fon~~l  chloride, a crystalline 
product \\as obtained. Analysis of that product suggested the empirical formula 
C14tIlsSOaC1, indicating the presence of 1 mole of hydrogen chloride over that expected 
of a cjcloadcluct. The infrared spectrum shoued bands a t  1 180 cm-l and 1380 cm-1 
\ ( SO.). The nuclear magnetic resonance spectrum she\\-ed a singlet a t  4.7 p.p.m. (relative / 

area I )  and aromatic protons a t  7.4-8.2 p.p.111. (relative area 5). The singlet is nearly in 
the sanle position as the singlet for the benzylic protons (4.78 p.p.m.) in benzj7ls~1lfonic 
anhydride (3). From these limited data the product Jvas assigned the structure cr-chloro- 
benznldoxime benzylsulfonate. 
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Sinlilar coinpounds were obtained by like reactions of benzylsulfonyl chloride (EtJN) 
and inethanesulfonyl chloride (Et3N) with p-chlorobenzonitrile N-oxide and m-nitro- 
benzonitrile N-oxide. Ho~vever, the structurally hindered 2,4,G-trimethylbeilzonitrile 
N-oxide yielded only 2,4,B-trinlethylphenylisocyanate. 

C1 
I 

Nitrile oxides are prepared by dehydrohalogenatioi of a-chloroaldoxii~~es (R--C=NOH, 
hydroxamic acid chlorides) with triethylailline (3). Ho~vever, the reverse can be effected, 
i.e. nitrile oxides add hydrogen chloride (6) and thiols (7). This suggests the occurrence 
of the follo~ving equilibrium under the above reaction conditions. 

Thus, there may be present a sillall but significant amount of a-chloroaldoxime in the 
medium, and this a-chloroaldoxiine may be adding to [[sulfene" t o  give the ester, \\-it11 
the equilibrium shifting to the left as the reaction proceeds. 

CI 
I CI 

Et3N R'-C=NOI-I 
R-CH2S02C1 ---t [R-CH=SO!] 

I 
--t RCH,SOnN=C-R' 

I-VI 

I11 fact, benzylsulfonyl chloride reacts wit11 nitrile oxides in ether in the presence of 
triethylainmoniuin chloride to give the corresponding esters. But, i t  adds to neither 
benzonitrile oxide nor p-chlorobenzonitrile oxide in the absence of triethylammoi~ium 
chloride (the highly reactive m-nitrobenzonitrile oxide did give a sinall quantity of ester 
under the latter conditions). The maximum yield of ester was obtained when triethylamine 
was added to  a illixture of a-chloroaldoxiine and sulfonyl chloride in benzene or ether 
(Table I)  a t  room temperature or ice-bath temperature. 

TABLE I 
CI 
I 

Yield of R-C=SOsSCI-I?Ph in the reaclion of R-CsN-bO with PhCH?SO?Cl 

R = C6Hj (I) R = P-C1CGH4 (11) R = ~IZ-O?NCGI-II (111) 

Ether + Et3N 
Benzene + Et3S 
Chlorofor~n + Et3N 
Ether 
Ether + Et3N.I-IC1 
Addition of Et3N to 

a mixture of 
Cl 

I 
RC=NOI-I and PhCI3?S02CI 57 % l a  /o Sic%, C'C'  
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TRUCE AND NAIK: SULFENE ADDITION 299 

Also, syn-benzaldoxime, syn-p-chlorobenzaldoxime, and anti-m-nitrobenzaldoxime gave 
the corresponding sulfonic acid esters when treated under phenylsulfene-generating 
conditions. 

EI H 
I 

R-L=xoEI + P h c H ? s o ? c i  + =tax --t R-c--so,scH?P~~ + E t , w I c ,  
VII-IS 

VII I< = C6H5 (mp. 57-79") 
VIII R = p-CICGH, (m.p. 103') 

I X  R = m-O?NCGEI~ (rn.p. 9G92') 

Under identical reaction conditions benzaldoxime did not react with 6-toluenesulfonyl 
chloride. 

Not many sulfonate esters of aldoxirnes are lcno~vn (8, 0), because they are very 
unstable. syn-Aldoxiine sulfonates decompose to nitriles spontaneously or when they are 
passed through an aluinina column (8a) .  Such facile deh ydrosulfonation was substantiated 
in this urorlc and provided a simple and clean method for the overall dehydration of 
aldoximes to nitriles. The strained mesitaldoxinle ester was too unstable to isolate, and 
decoinposed to nitrile immediately. 

I t  has been observed that inethanesulfonic and benzylsulfonic anhydrides do generate 
lisulfenes" on reaction with triethylamine ( 5 ) .  Therefore, i t  was hoped that methane- 
sulfonic anhydride inight react with nitrile oxides as follows. 

O3SCI-I, 
I 

I-Iowever, treatment of p-chlorobenzonitrile oxide and m-nitrobenzonitrile oxide with 
methanesulfonic anhydride in ether or chlorofor~n in the presence of triethylainine yielded 
only starting nitrile oxide or its dimer. 

In conclusion, the above facts do not clearly preclude a reaction sequence involving 
+ 

initial addition of "sulfene" to the nitrile oxide (R'CNO~SCI-IR) fo l lo~~ed  by addition of 
hydrogen chloride, as against initial addition of h5,drogen chloride to the nitrile oxide 
follo~ved by addition of "sulfene". 

Attempts were made, without success, to replace the "carbonyl" hydrogen of benz- 
aldoxime benzylsulfonate and p-cl~lorobenzaldoxiine benzylsulfonate with chlorine. 

The esters I and 11, on treatment with alcoholic KOI-I, gave benzonitrile and p-chloro- 
benzonitrile and, under inore vigorous conditions, henzamide and p-chlorobenzamide, 
respectively. The ester 111, on reaction with triethylamine, gave only ?n-nitrobenzonitrile. 
Presumably these reactions involve initial attack by the base on chlorine, with expulsion 
of the si~lfonate anion to give the nitrile, which may be hydrolyzed further to  the amide. 

A cursory loolc a t  the structures of the esters indicates that  there is a reactive chlorine 
atom, which should be replaced easily. The  esters did not react with gaseous ammonia a t  
roo111 temperature. I-Iowever, reaction with ammonium hydroxide in acetone a t  room 
temperature or higher yielded the corresponding amidoxime esters. 

acetone X-XI I 
X R = C J I :  (m.p. 102' (decamp.)) 

XI l< = p-ClC~I34 (m.p. 89-90' (decornp.)) 
XI1 I< = nz-NO?CGMt (m.p. 127' (decomp.)) 
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The  amidoxime esters \\-ere also prepared by the reaction of amidoximes with be~lzyl- 
sulfonyl chloride in the presence of triethylainine. The  required ainidoxillles \\-ere prepared 
by the reaction of nitriles with hydroxylainii~e or  by the action of gaseous alumonia on 
a-chloroaldoximes. 

S H r  

.4inidoximes theoretically could exist in two tautomeric forins a and b. 

rllthough structure a has been accepted as the correct structure of amidoximes, this 
preference \\.as based on infrared spectroscopy (10 and refereilces therein). IIon ever, inore 
definitive support for structure a was provided by nuclear magnetic resonance spectroscopy 
(10, 11). Our synthcsis of these compounds not only provides a proof for the structures 
of the sulfonate esters of a-chloroaldoximes but  also provides chemical evidence for the 
structure of amidoximes. 

Infrared spectra of the alnidoxillles tha t  were studied shelved asymmetric and syin- 
metric NI-I2 stretching n~odes  as  two nreali but sharp bands a t  3 400 - 3 500 and 3 300 - 
3 400 cm-1 and a broad hand a t  3 200 cm-I caused by an associated 01-1 function (11). 
On esterification only the band caused by OH disappeared. The  amidoximes as \\-ell as 
their sulfonatc esters exhibited strong bands a t  1 (530 - 1 675 cin-' caused by C=S  (11). 

TABLE 11 

Chemical shifts (6) in dimethyl sulfoside 
. .- -- 

Assignments: 
~ 

OH CGH: XFI! CII? 
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The  nuclear magnetic resonance spectra of the amidoximes and amidoxiine sulfonates 
have been studied (Table 11). The  singlets a t  9.6-10.0 p.p.111. are caused by N-01-1 
(I  0, 11). The  aromatic proton bands appear as  a complex a t  7.00 to  8.6 p.p.m., depending 
on the substitution on the aroinatic ring. The  NI-I? band appears as a singlet a t  3.7 to  
6.1 p.p.m. in amidoximes, a little higher than the literature values (10, 11). I11 the 
amidoxinle sulfonate esters the singlet caused by OM disappears, and the singlet caused 
by NI-12 now shifts to the aroinatic region and is not readily distinguished from the 
aromatic protons. Ho~vever,  the integration values support this coilclusion. In  the ester 
there is another band caused by benzylic protons a t  4.78-4.80 p.p.nl. as expected. The  
type of band shift observed for NI-I? has been reported (10) for oxamidoxime and its 
diacetate. 

NH?-C-C-NII, H?S-C-C-SH? 
I I 

HO-N NOH 
I I 

AcO-N S-0:Ic 

NH? = 5.3 p.p.m. S I I ?  = 6.50 p.p.m. 

Variations in the chemical shifts observed and reported in the literature may be due to 
different solvents employed, e.g. i t  Tvas observed that  singlets caused by S-01-1 and 
NI-12 of benzamidoxime appear a t  9.64 p.p.m. and 5.74 p.p.m. in dimethyl sulfoxide, but  
in deuterated chloroforn~ they appear a t  9.37 p.p.111. and 4.9 p.p.m., respectively. 

EXPERIMENTAL* 
Materials 

'The oxirnes were prepared according to the standard procedure. The a-chloroaldoximes were prepared 
by the action of chlorine on oxirnes i r~  chloroform (12) or in 8 N HCI (4, 13) a t  ice-bath temperature. The 
solution first turns deep blue and finally slight orange. a-Chlorobenzaldoxime, 1n.p. 45-47" (lit. (4) 111.p. 45"), 
is  instable and appears to be hydrolyzed to aldehyde when it is allowed to stand. p-Chloro(a-chloro)- 
benzaldoxi~ne, m.p. 88-89" (lit. (4) m.p. 82-86'); m-nitro(a-chloro)be~izaldosime, 1n.p. 96-98" (lit. (4) 
m.p. 96'). Nitrile K-oxides were prepared i n  situ in most cases by the action of triethylaminc on a-chloro- 
aldoxirnes i r~  ether. However, p-chlorobenzonitrile oxide, m.p. 68-70" (lit. (14) 1n.p. 82-63'), was isolated 
for characterization. Triethylanlirie (Matheson, Coleman and Bell) was dried over ICOH. Mallinckrodt 
anhydrous diethyl ether \\.as used as obtained. Benzene was Baker spectrophotometric grade. 

a-Cltlorobe~zzaldoxi~~ze Be7zzylsidjo~tate ( I )  
T o  a continuously stirred solution of 1.56 g (0.01 n101c) of a-chlorobe11zaldo)iime in about 100 ml of 

ether, maintained ill a n  ice bath, was rapidly added 2 g (0.02 mole) of triethylamine. After 5 min, 2 g 
(slightly over 0.01 mole) of benzylsulfonyl chloride dissolved i r ~  about 15 ml of ether was added, drop~vise, 
during a period of $ h. After the solution was stirred for an additional hour, it was filtered and evaporated 
to  dryness, and the residue was dissolved in be~~zene.  Dilution with hexane and cooling yielded 0.5 g of 
3,4-diphe~~ylfuroxan, which, 011 further crystallization, had lll.p. 11'2-114" (lit. (14) 111.p. 114'). The mother 
liquor was evaporated to dryness and the residue was crystallized from alcohol to yield 1.1 g (36%) of the 
benzylsulfonate of a-chlorobenzaldoxinie ( I ) ,  1n.p. 103-106" (raised to 105-10iOafter several crystallizations). 

Anal. Calcd. for C~~I - I I ?CINO~S:  C, 54.28; H ,  3.88; C1, 11.45; .\;, 4.51; S, 10.32; mol. wt. 309.5. Found: 
C, 54.21; 13, 4.13; CI, 11.18; N, 4.71; S, 10.63; mol. wt. 313. 

Infrared spectrum: 1 180 c~n-1 (vsl, 1 380 cm-I (vs). Nuclear magnetic resonance spectrum: n~ultiplets 
a t  7.4-8.2 p.p.m. (relative area 5), singlet a t  4.7 p.p.m. (relative area 1). 

p-Cl~loro(a-chloro)be~z~aldoxinte Benzylszllfonate ( I I )  
T o  an ethereal solution containing 1 g of p-chlorobenzo11itrile oxide and 1 g of t r i e thy la~u i~~e  \\:as added 

all ether solution of 1.5 g of benzylsulfonyl chloride as above. 'The residue remaining after the ether had bee11 
evaporated was dissolved in benzene, and the  solution was filtered, diluted with hexane, and cooled. The 
precipitate was filtered off to give 0.6 g (3i70) of the ester, m.p. 92-97'; after crystallization from benze~xe- 
hexane, m.p. 102-103". 

Anal. Calcd. for CL.~HlLCI?NO3S: C,  48.84; 1-1, 3.20; Cl, 20.64; S ,  9.30; mol. wt. 344. Found: C, 40.15; I-I, 
3.56; C1, 20.33; S, 9.71; mol. wt. 341. 

The infrared spectrum was practically identical with that of I. 

*All 7nelting poiuts arc 117tcorrected. ilficroa?zalyses 7verc perfortized by Dr. C. S. 17ey a71d st(@ of the itficro- 
a?zalytica% Laboratory, l'urdile University. N?rclear ?izagnetic ~.esotea~zce spectra were recordcd on a Varia?t 
8-60 high-resolutlott spectrotneter. 
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i4Jesito?titrile N-Oxide 
An aqueous basic solution of 12.7 g of the sodium salt of ~nesitaldoxi~ne was added, while it was being 

filtered, to a stirred solution of sodium hppobromite (at  0 to 10') prepared by adding 7 ml of bromine t o  
100 ml of 20y0 aqueous NaOI-I a t  0 to  10'. The precipitate was filtered off, and the residue was washed with 
water and crystallized from hexane (first crop, m.p. 107-110°, yield 9.2 g; second crop, 1n.p. 104-10GO, 
yield 2.1 g (lit. (6) 1n.p. 114")). 

Reactio?~ of ~lesitonitrile N-Oxide with Benzylszrlfo!fol~.yl Chloride in  the Presence rf Triethyla?nine 
T o  an ether solution of 1.6 g (0.01 mole) of mesitonitrile oxide (m.p. 107-11O0, lit. m.p. 114") and 1 g of 

triethylamine was added an ethereal solution of 2 g of benzylsulfonyl chloride, as  above. Evaporation of 
ether left a liquid residue, which was crystallized from hexane to  give 1.1 g of 2,4,6-trin~ethylphen~liso- 
cyanate, n1.p. 44-46", 

ilnal. Calcd. for C I ~ H I I N O :  C ,  74.53; 13, 6.53; N, 5.70. Found: C, 74.64; El, 6.93; N, 8.55. 
111 the infrared spectrum there was a very strong band a t  2 260 cm-I. In the literature (15) the isocyanate 

has been reported as  a liquid. The urea derivative was prepared by treating the isocyanate with aniline, 
and had m.p. 240-242" (lit. (6) 111.p. 245'). 

nz-Nitrofa-ckloro)benzaldo.zin~e Be?tzylsrrljonate (111) 
To an ice-cooled ethereal solution of 2 g (0.01 mole) of nt-nitro(a-chloro)bei~zaldosi~ne was slowly added 

1 g of triethylamine. After 5 min, 2 g of benzylsulfonyl chloride was added followed by the addition, over a 
$ h period, of 1 g of triethylamine dissolved in ether. The residue obtained when the reaction mixture was 
filtered contained jelly-like material besides tr iethylammoniu~l~ chloride. The residue was estracted with 
boiling benzene and the benzene solution evaporated to yield 1.65 g of the ester, 1n.p. 132-13g0. The original 
ether mother liquor was evaporated to yield 550 mg of the ester, n1.p. 135-140"; total yield 2.2 g (63Yo). 
After the product was crystallized from ether, it had 111.p. 145-146". 

Anal. Calcd. for CleH11CIN205S: C, 47.46; N, 3.10; CI, 10.00; N, 7.91; S, 9.00. Found: C, 47.73; M, 3.29; 
CI, 10.28; N, 7.93; S, 8.72. 

.4lthough it is reported in the literature (14) that  nt-nitrobenzonitrile oxide is fairly stable, we could not 
isolate it in a pure form. On concentration it invariably turned to jelly-like material, possibly a dimer or 
trimer of the nitrile oxide. Therefore, the required nitrile oxide was always prepared in sitz~ in dilute solution. 

Reactio~r of iVitrile A-Oxides with Benzylsulfonyl Chloride in the Presence of Triethylan~,ine in Benzene 
The reactions ill benzene were carried out the same as  those in ether a t  a temperature of 10 to 15". The 

yields of esters were: I ,  soy0; 11, 43.6y0; 111, 76%. 

Reaction of ifitrile iV-Oxides with Beneylsz~lfonyl Chloride in  the Presence of Triethyla?ni?te in Chlorofor~n 
The reactions in chlorofor~n were carried out the same as those i l l  ether a t  room temperature. The products 

could not be purified by crystallizatioli and therefore were separated on acid-washed alumina columns. 
Fro111 the columns a 33.4% yield of compound I1 and a 24Yo yield of compound I were isolated. 

Reacticn of Nitrile N-Oxides and Benzylszilfonyl Chloride in Etlrer 
Reaction of p-chlorobenzonitrile N-oxide with benzyls~ilfonyl chloride in ether yielded a white solid 

(after the solution had been stirred for 2 h a t  ice-bath temperature and the ether evaporated), which, 
when it \\:as crystallized from benzene-hesnne, ).ielded 1.55 g (750j0) of benzylsulfonyl chloride and 0.9 g 
of crude nitrile oside dilner. 

Renzoriitrile oxide which had similarly been treated with benzylsulfonyl chloride ill ether yielded a white 
solid, which on work-LIP offered 1.9 g (95%) of benzylsuifonyl chloride. 

After 172-nitrobenzonitrile N-oside had been treated with benzylsulfonyl chloride in ether as  above, a 
slnall quantity (24%) of ester 111 (m.p. 140-143") separated from the ether solution on concentration 
and cooling. 

Reaccion of iVitrile N-Oxides .witlr Beneylsz~lfonyl Chloride in Ether in the Presence of 1 Eqziioale?zt of Tricthyl- 
a?rtnionizr?~r Chloride 

L1:ithout filtering off the triethylamnioniun~ chloride from the reaction of the a-chloroaldosime and tri- 
ethylamine (1 mole each) in ether, we treated the reaction mixture with 1 equivalent of benzylsulfonyl 
chloride, stirred it for 2 h a t  ice-bath temperature, and worked i t  upas  before. When the  ether was evaporated 
off, a liquid residue remained, in contrast to the preceding experiments. p-Chlorobenzonitrile oxide yielded 
39'-)& of ester 11, and benzonitrile oxide yielded 22Y0 of ester I. 

Addition of 1 Eqzriualent of Triethyla7nine to a illirture of 1 il[ole of a-Chloroaldoxin~e and 1 Mole of Benzyl- 
s~ilfc?tyl Chloride 

T o  ail ether solution of a mixture of a-chloroaldoxi~ne and benzylsulfonyl chloride (1 equivalent each) 
was added an ether solution of 1 equivalent of tr iethylan~il~c a t  ice-bath temperature a s  before t o  yield: 
1, 577;; 11, i5y0;  111, 8 lyO.  

a -  Clr~crobenzaldoxll,le il.letha?resul,fonate ( I  V) 
'To an ether solutioli of 1.6 g of a-chlorobenzaldoxi~ne was added 2 g of triethylamine a t  once a t  ice-bath 
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TRUCE AND N:\II<: SC'LFENE ADDITION 303 

temperature followed by the addition of an  ethereal solution of 1.2 g of methanesulfoiiyl chloride as  before. 
From the residue, obtained after the ether had been evaporated, was isolated 0.8 g (337,) of ester 1V 
(m.p. 106-109"), which, on further crystallization fro111 benzene-hesane, had m.p. 110-111". 

Anal. Calcd. for CsIH8CINOaS: C, 41.20; M, 3.43; CI, 15.33; N, 6.01; S ,  13.73. Found: C,  41.53; I-I, 3.46; 
CI, 15.33; N ,  5.94; S, 13.50. 

p-Clzloro(a-chloro)benzaldoxin~e ~fitha?zeszdfo?zate (V) 
Prepared as  above, m.p. 80". 
Anal. Calcd. for C&I,CI?NOJS: C, 35.82; H, 2.61; CI, 26.50; N, 5.22; S ,  11.04. Found: C, 35.76; M, 2.72; 

CI, 26.35; N, 5.25; S, 12.21. 

$1,~-Nitro(a-chlcro)be?zzaldoxi~ire Metkanesz~lfonate (V1) 
Prepared as above with benzene as solvetit (10 to 15' bath temperature); 1.4 g (50%) of crude ester \;I 

was obtained (m.p. 01-95"), which, oti further crystallization from benzene, had m.p. 98-100". 
Anal. Calcd. for CsIH7CINnOjS: C,  34.40; H,  2.51; CI, 12.70; N, 10.03; S, 11.50. Found: C,  34.67; I-I, 3.51; 

CI, 22.82; N, 9.06; S, 11.26. 

syn-Benealdoxinze Benzylszrlfo?zate (VII)  
By using the  neth hod described for I, colnpound \:I1 was prepared. The crude product, when it was 

dissolved in benzene and diluted with hexane, had m.p. 67-73", and on further crystallization had 111.p. 
77-79", The ester is ~ ~ n s t a b l e  and decomposes to nitrile a t  roorn tenlperature in a couple of days. The infrared 

spectrutl~ showed typical 'so2 stretching bands a t  1 175 cm-I and 1370 cn-I. / 
The a-hydrogen of the aldoxime in the ester was not successfully replaced by chlorine as  follo\vs. (a) Dry 

chlorine was passed through a solution of 0.5 g of the ester a t  ice temperature for 20 min. \\'hen the solvent 
was evaporated, unchanged ester was recovered. (b) The same reaction was conducted a t  room temperature 
without success. (c) The ester was suspended in 8 N HCI and chlorine was passed through a t  room tern- 
perature, but only the unchanged ester was recovered. 

syn-p-Chlorobenzaldori~ne Benzylszrlfonate (VI I I )  
The ester was prepared as above, 1n.p. 103'. The ester could not be chlorinated further. 
Anal. Calcd. for ClaI-I~?C1N03S: C, 54.20; H ,  3.87; N ,  4.51; CI, 11.42; S, 10.32; mol. wt. 310. Fouird: 

C, 54.20; H ,  4.01; X, 4.42; Cl, 11.49; S, 10.10; mol. wt. 311. 
The ester, when it was passed through an alumina column, decomposed to nitrile, m.p. 92" (lit. (16) 

m.p. 93-04"). 

alzti-nz-ivilrobenealdo.~i~~~e Be?zzyls~ilfo~~ate (IA') 
The ester was prepared as  above. The yield was quantitative (n1.p. 90-92"). 
Anal. Calcd. for Cl(HLYN20jS: C, 52.50; 14, 3.75; x, 8.75; S, 10.00. Found: C, 32.48; 14, 3.79; S, 8.55; 

S, 10.10. 

Attempted Preparatio?~ of syn-2,~,6-Tritttetlzyl2,e?~zaldo.~i1~ze Be?zzylszrlfonate 
The same method was employed as described above, 3.26 g of oxime being used. The ester was a white 

solid a t  ice temperature. When it was dissolved in benzene a t  room temperature it decomposed spon- 
taneously. Nest day the solution mas chromatographed on acid-washed alumina and the following com- 
pounds were isolated: 2,4,G-trimethylbewonitrile (2 g),  m.p. 49-51" (lit. 111.p. 54"); sytz-2,4,6-trimethyl- 
benzaldoxitne (100 rng), 1n.p. 125"; 2,4,6-trimethylfor1llanilide (100 mg), 111.p. 177-178" (lit. (17) 111.p. 177'). 

Ilydrolysis of I and 11 
The esters (500 me each) \Irere hvdrolvzed with 1 e of ICOH dissolved in 50 1111 of ethanol a t  room - , . - 

temperature (1 h) or a t  reflux temperature ($ h) .  The s o l u t i o ~ ~  was diluted with water and the ethanol 
was removed wider vacuum. The remaining solution was extracted with chloroform, dried over sodium 
sulfate, and evaporated to  dryness. I1 a t  reflus temperature yielded 110 rng of p-chlorobenzamide, 1n.p. 
172-174°, which, on further crystallization, had 111.p. 176-177°; n~ixed melting point with an  authentic 
sample, 175-176". The same ester, on hydrolysis a t  room temperature, yielded a few milligrams of amide 
and 110 mg of crude p-chlorobenzonitrile, m.p. 50-87'. Hydrolysis of I a t  reflux temperature yielded 30 mg 
of benza~nide, m.p. 125-12Go, and a t  room temperature about 100 mg of crude benzonitrile. 

Reaction of III with Trietlzyla~~iine in  Benzene 
T o  a solution of 1.6 g of ester 111 in 50 ml of dry benzene was added 10 ml of triethylamine, and the 

solution was heated under reflux for 1 h. The solution was concentrated and added to an  acid-\vashed 
alumina column prepared in hexane. Elution with benzene gave 340 mg of 112-nitrobenzonitrile, m.p. 115-116' 
(lit. (18) m.p. 117-118"). 

Reuction of nt-iWtrobe~rzo~zitrile N-Oride with ilfetlzanesulfo?zic Awlzydride in Ether kr the P~esence ~f Trietlzyl- 
ailtine 

To all ether (50 ml) solution of 1.75 g of methanesulfonic anh)dride \vas added a t  ice-bath temperature 
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an ether solution of 1.65 g of 112-nitrobenzonitrile oxide. To the stirred solution was added, dropwise, a n  
ether solution of 1 g of triethylamine (20 min). The solution was evaporated and the residue was treated 
with benzene, from which 0.4 g of the dimer of m-nitrobenzonitrile oxide was isolated. The residue was an 
orange liquid, which could not be identified further. I-lowever, the liquid did not show any characteristic 

'SO? stretching bands in the infrared spectrum. 
/ 
Reclction (3 fi-Clilorobenzonitrile N-Oxide with ilfith(~~zeszrljti~tic Anhydride in  the Presezce of Triethylamine 

The reaction was conducted as above, 1.0 g of p-chloro(or-c1~loro)benzaldoxime being used. The residue 
(after the ether had been evaporated) was treated with water and filtered to yield only p-chlorobenzonitrile 
oxide, as determined from its infrared spectrum (band a t  2 300 cm-I (vs)). The product was dissolved in 
benzene and worked up the next day to yield 1.1 g of the dilner of the nitrile oxide (n1.p. 139-142"). 

111 a similar reaction i n  chloroform a t  room temperature 0.9 g of the dimer of the nitrile oxide (m.p. 
139-14"") was obtained; the remaining residue was also a solid which showed a weak band a t  2 300 cm-1 

\ 

~r~-i\'~itrobe~zzati~idoxi~~i~e 0-Be~~zylsz~ljo~ralc (SIT)  
To an acetone (30 ml) solution of 1.75 g (0.005 mole) of the ester I11 was added 5 ml of alnmonium 

hytlrosidc, and the mixture was stirred for 3 11 a t  room temperature. Most of the acetone was removed 
under vacuum and diluted with water. A brown oil separated which soon solidified. The solid was dissolved 
ill chloroforrn and diluted with hexane to give 1.1 g of crude XI1 (m.p. 117-120'). The mother liquor, on 
further concentration, gave a second fraction (m.p. 135-141") which was mainly 111. The first fraction, on 
further crystallization from benzene, had n1.p. 127' (decomp.). 

Anal. Calcd. for CIdF113N30aS: C, 50.15; I-I, 3.01; N, 12.53; S ,  9.55. Found: C, 50.40; I-I, 3.05; N, 12.36; 
S ,  9.72. 

Infrared spectrum: two sharp bands a t  3 400 - 3 500 cm-1 (vw) and 3 300 - 3 600 cm-I (vw), a band a t  
1640 cm-I (s). Nuclear magnetic resonance spectrum: multiplets a t  6.8-8.6 p.p.m. (relative area 11), 
singlet a t  4.8 p.p.m. (relative area 2). 

iir its infrared spectrum caused by nitrile oxide but 110 bands ca i lad  by>sO? stretchiog. 

n ~ - ~ i l r o b e ? ~ z ~ r ~ ~ ~ i d o x i ? ~ ~ e  
G a s e o ~ ~ s  ammonia was passed through a benzene (50 ml) solution of 2.5 g of m-nitro(or-chloro)benzaldosiine 

for 15 min. 'The benzene solution was evaporated to dryness? and the residue was treated with water t o  
remove anrmonium chloride and crystallized from aqueous ethanol. 'The first crop was orange, m.p. 164-167". 
The illfrared spectrum showed two sharp bands a t  3 500 - 3 400 cm-I (vw) and 3 400 - 3 300 cnl-I (v~v) ,  a 
broad band a t  3 200 cnl-l, and a sharp peak a t  1 675 cm-I. The second crop was greyish white, m.p. 167-17O0, 
and there was a depression in the mixed melting poilrt of the two. The first crop, on further crystallization, 
had 1n.p. 169-17O0, yield 0.9 g (lit. (19) m.p. 174O). 

When a similar experiment was done in ethanol a t  room temperature, a large arnount of solid precipitated 
from the ethanol solution, n1.p. 179-1Sl0, which was not the dimer of the nitrile oxide. 'The yield of nz-nitro- 
benzamidosime mas about the same as above. \Vhen ammonia was passed through the alcoholic solution 
a t  ice-ba,th temperature, the yield of 711-nitrobenzamidoxime was doubled. 

711-Xitrobenzamidoxime was also prepared by the reaction of nt-nitrobenzonitrile and hydroxylamine, 
and the product was crystallized from water. 

Nuclear magnetic resonance spectrum: singlet a t  9.96 p.p.m. (relative area I ) ,  multiplets a t  7.4-8.6 p.p.m. 
(relative area 4), singlet a t  6.1 p.p.ln. (relative area 2). 

p- C / L ~ O ~ O ~ ~ I L ~ ~ I ~ L ~ ~ O ~ ~ I I L ~  
Gaseous ammonia was passed through an ethanol solution of 1 g of p-chloro(a-cliloro)benzaldosin~e a t  

ice-bath temperature for 5 min. The solution was diluted with water and filtered. The clear solution was 
concentrated and cooled to give 740 mg of p-clilorobenzamidosirne, m.p. 127-130". On further crystallization 
from water it melted a t  132-133' (lit. (20) m.p. 134'). The infrared spectrum sho\ved t\vo sharp bands a t  
3 400 - 3 500 cm-I (vw) and 3 300 - 3 400 cm-I (vw), a broad band a t  3 200 cm-I, and a strong band a t  
1650  cm-1. Xuclear ~iiagnetic resonance spectrum: singlet a t  9.64 p.p.ni. (relative area I ) ,  multiplets a t  
7.2-7.8 p.p.111. (relative area 4), singlet a t  5.8 p.p.111. (relative area 2). 

p-Chlorobenzamidoxime was also prepared by heating under reflux overnight a clear aqueous alcoholic 
solutio~i of p-chlorobenzonitrile and hydrosylamine. 

Be1~za111ido~i71ze 
:\ clear aqueous alcoholic solution of 0.1 mole of hydrosylamine and 0.1 mole of benzonitrilc ~ v a s  gently 

heated under reilux overnight, concentrated, and cooled. The oil which separated out was poured on a 
porous plate, where it solidified. The solid was dissolved in b e ~ ~ z e n e  and crystallized, m.p. 76-78" (lit. (31) 
m.p. 78'). Infrared spectrum: two sharp bands a t  3 400 - 3 500 cm-I (vw) and 3 300 - 3 400 cm-I (vw), 
a broad band a t  3 200 cm-I, and a band a t  1 640 cm-I (vs). yuclear magnetic resonance spectrum: singlet a t  
9.64 p.p.nl. (relative area I ) ,  multiplets a t  7.2 to  7.8 p.p.m. (relative area 5 ) ,  singlet a t  5.74 p.p.m. (relative 
area 2). 
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\\:hen ammonia was passed through the solution of tlie ester 111 in benzene a t  room temperature, only 
the starting material was recovered quantitatively. 

iir-Nitrobenzamidoxime 0-be~izylsulfonate was also prepared by the reaction of IIZ-nitrobenzamidoxirne 
with benzylsulfonyl chloride in the presence of triethylarnine in tetrahydrofuran a t  ice-bath temperature. 
The solutio~l was evaporated to dryness under reduced pressure atld water was added to remove 111-nitro- 
benzamidoxime. The ester was crystallized from benzene. The yield was quantitative, m.p. 126-127' 
(decomp.). The mixed meltirlg point with the above ester \\:as 125-126" (decomp.) and the infrared spectra 
of tlie two were identical. 

. .  . . .  . . . . . 
p-Cl~lcroben;a~~~idoxi~~ze 0-Be?~;ylsz~lfonute ( X I )  

. . . . .  . . . . . . . . . . . . .  . . .  The reaction mas done as above with 1 g of 11, except that the solution was gently heated under reflux 
for $ h.  'The crude product (510 mg) was crystallized from benzene-hexaiie, m.p. 89-90' (decomp.). 

Infrared spectrum: two sharp bands a t  3 400 - 3 500 cm-I and 3 300 - 3 400 cm-l, a band a t  1 640 cm-1. 
Compound S I  was also prepared from p-chlorobenza~iiidoxime in ether as  above. The white residue 

ol~tained after the ether had been evaporated was shaken with water to  remove unreacted p-chlorobenz- 
amidoxinie, and the residue (90%) was crystallized. The hrst fraction (1 g) \\'as pure XI,  m.p. 87-89" 
(deco~iip.). The infrared spectrum was identical with that of the above material and there was tlo depression 
in the mixed meltilig point. The second fraction tnelted a t  87-89', but left a residue. The third fraction, 
m.p. 139-14O0, had an infrared spectrurn which indicated that it was a quaternary arn~iionium salt; also 

present were characteristic >SO? stretching vibratioas, indicating that the ester might be unstable and 

might decompose in the process of purification. 
.Anal. Calcd. for C ~ . I H ~ B C I K ? O ~ S  (1n.p 87-80"): C, 51.45; H ,  4.01; CI, 1.0.8; N, 8.6; S, 10.00. Found: 

C, 51.61; I-I, 3.97; C1, 10.97; N, 8.40; S, 9.60. 

B e ~ z ~ u ~ ~ ~ i d o . v i ~ ~ r e  0-Be~zsylsz~lfnnute (X) 
The reaction was done as above with 1 g of ester I ,  except that the reaction mixture was kept (well corlred) 

lo]- 2: 11 a t  room temperature; 440 mg of crude S \\.as obtained, m.p. 94" (decomp.). The compound is 
slightly soluble in benzene and ether. On crystallization from ether it had m.p. 98" (deco~np.). 

Infrared spectrum: two sharp bands a t  3 400 - 3 500 cm-I and 3 300- 3 400 an-', a strong band a t  
1 629 cm-L 

C o m p o ~ ~ n d  S \\as also prepared from benzamidoxime in ether as  above. \\'lien the crude product was 
crystallized from ether, the ester had m.p. 1.02' (decornp.). The  infrared spectrtum was identical with that 
of the above material and a mixed melting poilit of the two was 9S0 (decomp.). 

Anal. Calcd. for C L . I H ~ . ~ K ~ O ~ S :  C ,  57.93; H ,  4.82; X, 9.6; S, 11.03. Found: C, 57.52; I.1, 5.00; S ,  9.39; 
S ,  10.54. 

ACI<SO\YLEDGi\4EXT 

?'his i n v e s t i g a t i o n  \\.as s u p p o r t e d  by P u b l i c  I-Iealth S e r v i c e  g r a n t  S o .  CA-04536-06 
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