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yield) of yellow solid, m.p. 248-251'. (Additional product 
was obtainable by  further dilution.) Crystallization from 
acetic acid or xylene raised thc m.p. to 257-258'. 

Anal. Calcd. for C21111404S: C, 69.6; 11, 3.9; S, 8.8. Found: 
C, 69.4; 13, 3.6; S, 8.8. 

5-L3enzamido-l-(p-tol~cenesul~ooli~l)anthraqzcinoi~e (11). 5- 
ncnxamido-l-chloroai~tiir~qiiino~ic crystallized from acetic 
acid as ormge-yc$llow necdlcs, m.p. 221.5-222.5'. 

Anal. Calcd. for C~pll-IlpCISO,: C, 69.7; 13, 3.:$; CI, 9.8; 
S,  3.9, Found: C, 6!).8; H ,  3.4; CI, 9.8; S,  3.7. 

A mixture of 1.8 g. ( 5 . 0  mmol.) 5-bcnzamido-l-chloro- 
anthraquinone :tiid 1.0 g. (5.6 mmol.) sodium p-toluenc- 
sillfinate in 25 ml. of tliethylcne glycol monoethyl ether mas 
stirrcti under rcfinx for 7 hr. in an oil k)ath at 195-200", 
cooled partially, diliit.ed with about 3 ml. of water, cooled to 
room tcmpcraturc:, atid filtered. The  ornnge-ycllow product1 
was crystallized from 40 ml. xylene, giving :L yield of 1.40 
g. (58%) with 1n.p. 257-260'. Crystalliztttion from acetic 
acid or xylenc raised the m.p. to 259-260'. 

Anal. Calod. for C2JI19N0jS: C ,  69.8; H, 4.0; XI 2.0; 6 ,  
6.6. Ipound: C, 69.7; 1.1, :3.7; K, 3.2; S, 6.8. 

4 - A  mino-1 -( p-toluenPsulfonyl)ant~~a~zcinOne (111 ). 4 - h i z -  
amido-l-chloro:~ntf~ra~~i~inonc crystallized from acetic acid 
as yellow needles of m.p. 234.5-236'. 

Anal. Calcd. for C21H1pCliV03: C ,  69.7; H, 3.3;  C1, 9.8; 
E, 3.9. Found: C, 09.5; €1, 3 . 5 ;  (I, 9.9; E, 3.9. 

A mixture of 5.0 g. (0.014 molc) 'l-benzamido-l-chloro- 
arithraquinorie, 3.0 g. (0.017 molc) sodium p-tolueriesul- 
finatc, and 50 ml. of diethylene glycol monoethyl ether was 
stirred and rcfluxed for lti hr.,  coolcd slightly, diluted with 
5 ml. of w:Lt.cr, coolod to  room tempcraturc, arid filtcrcd. 
The  product, was washed wit>h a little methanol and crystal- 
lized from 500 ml. of xylene, giving 2.6 g. (50yh) of orange 
solid, m.p. 254-259'. CI dlizatiori from :icetic acid raised 
the m.p. to 260-261". 

Anal. Cnlcd. for C2,T.IIS?iO4S: C, 66.9; IT, 4.0; S, 8.5. 
Found: C, 67.2;  H, 3.8; S, 8.6. 

As with ot,hcrs of thcsc sulfones, yields \vcrc lowcr on 
larger runs. On 5 hr. refluxing in sirupy phosphoric acid, this 
product is convert eti to  1-amirioanthraquiilonc, identified 
by m.p., analysis, and formation of t,he k)erizoyl dcrivativc. 

The  .V-bc~izoyl derivative (IV) of the sulfonc was prc- 
pared by 3 hr. refiuxirig with t)cnzoyl chloride in o-dichloro- 
benzene. It crystallized from acetic :tcitl in fino yellow 
needles, m.p. 273-275'. 

Anal. Calcti. for C2xHl9X\;05S: C, 60.8; €1, 4.0; XI 2.9; 0, 
1G.G; S, 6.6. Found: C, 70.0; 11, 4.0; N, 2.8; 0, 16.5; S, 6.7. 
2-(p-7'oluenesulfoii~I)anthinquinons (V).  A mixture of 2.9 

g. (0.010 mole) 2-cliloro-R-anthr:~qiii~1o11~~~::trl~oxylic acid and 
6.0 g. (0.034 molc) sodium p-tolucrictsulfn:Ltc, in 76 ml. of 
diethylene glycol monocthpl ether was stirred under reflux 
for 24 hr. in an oil txtth at 190-195". Af tm cooling, dilution 
with water, and f i lh t io i i ,  the produrt was c-rystallizcd from 
30 ml. of :Lc(:tic acid coiitsiriing 4 ml. of watcr, giving 0.95 
g. (26% yield) yellow solid, m.p. 194-205'. Further c:ryst:tl- 
lization froin ttcctic: acid :tlteriiating with mixed amyl 
alcohols gave 0.60 g. ( l i ( %  yicltl) of white prodrict, m.p. 
211.5-212.5". I t  wts insolublt: in :mmonium or sodium 
hydroxide. 

C, 69.5; J I ,  3.8; S, 8.8. 
Anal. Calcd. for G 1 1 1 1 4 0 S :  Cj 60.6; 1-1, :3.!); 8, 8.8. Forind: 

'A mixtr;rc. of '2.1 g. (0.010 molc) 2-c:hloroantlirsq~ii1ioiic 
and 2.0 g. (0.01 1 molc) sodium p-toliictiiesulfir~:tt(! in 75 ml. 
of dicthylwc glycol moiioctthyl rthctr, stirrctl :ind refluxcti 
at 185-195O for 5 hr., g:ivr 2. I p. yc:llow solid, m.p. approxi- 
ma tdy  175-1 O O O ,  unch:mgotl upon crystn1liz:ttion first froni 
acetic acid and then from ethylene glycol moriomethyl ether. 
The prescnce of the sulfone in thc niisturc was indicated by 
a prominent infrarcti ahsorption band a t  1143 ern.-', 
which is in I hc region characteristic: of sulfonc al)sorption,3 

( 3 )  1,. #J. Bcllnmy, ?'/it: Infrared Spectra of Complex 
Molecz~les, 2d. ed., J. Wilcy & Sons, Inc., S c w  k'ork, 1058, 
p. 3G1. 

and is also shown by the pure sulfone but  not by 2-chloro- 
anthraquinone. 

Elementary analysis for chlorine and sulfur W:IS in agrw- 
ment with a mixture containing 47'6 sulfone and 53'z 
2-chloroanthraquinone. 

Anal. Calcd. for 47% C~I€I1404S and 53% C l ~ l f & l O ~ :  
C1, 7.7;  S, 4.1. Found: C1, 7.9; S, 4.1. 

When the reaction was run for 24 hr. with :L 3 :  1 mole 
ratio of sodium p-toluenesulfinatc to  2-chloroanthraquinone, 
:i cbhlorine-free mixture was obtainrd, again too low in sulfur 
content for the sulfonc.. 

Acknowledgments. The author is indebted to F. C. 
Dexter for visual and ultraviolet absorption data, 
to hliss J. L. Gove for infrared data, and to 0. E. 
Suridbcrg and his associates for microanalyses. 

1 3 o i ~ )  I ~ R O O K  LABORATORIICS 

I3ovui) I ~ R O O K ,  K. J. 
AiMERIC.kN CYANAXII) CO. 

Nitrosation of a-Aceto-y-butyrolactone. 
Isolation of an O-Acetyloximino Intermediate 

111 the course of some synthetic work in the 
amino x i d  field we had occasion to prepare a- 
oximiiio-y-butyrolactone ( IV).  When this prepara- 
tion was carried out by the method of Feofilaktov 
and Onishche~iko,~ a procedure which involves the 
renctioii of nitrous acid with a-aceto-y-butyrolac- 
toile (I) ,  an  intermediate compound, not previously 
described by the Itussiaii workers, was isolated. 
This white, crystalline product (m.p. 89-90') is 
sensitive to  solvolytic action aiid thus is slowly 
hydrolyzed in the presence of moisture to  form the 
desired a-oximino-y-butyrolactone (IV) with the 
liberntioii of acetic acid. Hydrolysis with dilute 
hydrochloric acid readily converts this intermed- 
iate compound to IV in (38% yield.2 

b'rom similar experiments, Sudo and c o - ~ o r k e r s ~  
and also Ilcppe :Lnd co-workers4 reported the iso- 
lation of :iii iiitermediate compouiid (m.p. 88") 
which appcurs to be identical to  the one described 
:hove. These investigators assumed that  this com- 
pound wis a-accto-a-nitroso-y-butyrolactone (11). 
The compound isolated in our laboratory showed 
infrared absorption bands a t  5 . 0 8 ~  :tiid 8 . 5 0 ~ .  
The presence of these bands, which were inter- 
pretcd :is corresponding to a C=X grouping and to 
-. - . - . . .- 

( I  ) V. I'cofili~lctov anti A. Onishchcnko, J .  Gen. Chein. 
(7'.S.5'./2.), 9 ,  :304 (1939); Che?n. Ab&., 34, 378 (1940). 

(2) Gas cvolrition was observed during the coursc of this 
hydrolysis. It is possible tha t  somc of the lactonc is opened 
and the resulting a-oximino (or a-keto) acid undergoes 
decart)oxyl:ition t>o prodrice 8-hydroxypropionaldehyde or 
the corresponding oxime. 

(3)  R. Srido, Y .  Akiynma, T. &to, and M. Ohta, ,J. 
Chetii. SOC. .Japan, P i m  Cheni. Sect., 74, 1009 (1953); Cheni. 
r lbs l r . ,  49, 6820 (1955). 

(4) W. Ilcppc arid co-workers, Ann. ,  596, 164 (1!)55). 
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an acetoxy group of the enol acetate type, respec- 
tively, and thc apparent abscnce of a nitroso h i i d  
in the spectrum indicated that  this compound WLS 
probably not the nitroso derivative 11, as claimed 
by the previous w o r l ~ s , ~ ~ ~  but was rather 0- 
acetyl-a-oximino-7-butyrolactone (111). Further- 
more, this product showed ;in ultraviolet absorp- 
tion maximum iii acetonitrile solutioii a t  210 mp 
( E  = 18,400) indicating thc presence of :I coiiju- 
g:ited chromophoric grouping. The prcscnce of such 
a group is coiisisteiit with structure I11 but not with 
structure 11. Isolation of unchanged 111 from 
ncctoiiitrile solution indicated that  the ultraviolet 
absorption was due to the oximino acetate I11 and 
riot to its hydrolytic product IV (Xi!,","" 218 mp, 
c = 11,200). Confirming evidence for structure IIT 
was obtained by compiLrisol1 with a sample of TII, 
prepnrcd by acctylatioii of a-oxirniiio-y-butyro- 
lactoiie (IF'). 

pi 

o=c 0 

m C O C H : ,  HONO QoN='0 

O I  O I1 

The formation of the 0-iicetyloximiiio chiv:itive 
may be interpreted as  proceeding via an intra- 
molrcular I ,3-rcarrangement of the iiiitially formed 
a-accto-a-iiitroso-y-hutyrolnctone (11). This rear- 
ritngement may be considered analogous to  the 
prototropic isomerization of a nitroso compound to 
its tautomeric oximc .5  

It is interesting to note that Feofilaktov iuid 
OnishchenkoG simi1:~rly observed the formation 
of O-acetyl-a-oximirio-~-chloromcthyl-~-t~i~tyrol~ic- 
toile 011 nitrous acid treatment of a-aceto-y- 
chloromethyl-y-butyrolactonc. These workers con- 
sidered the formation of the 0-acetate :is iiidic:iti\.ct 
of an :tiioni:tlous course of reaction. However, in 
view of our results it is probable that  th? 0-acetate 

( 5 )  A. Streitweiser and W. I). Schaoffcr [J .  A m .  C h e w  
SOC., 79, 2893 ( I  957)] have postulated th:tt rcarrangonient 
t o  a diazoester (11) roprcsents t,hc first st,c:p i n  the dcmm- 
position of acylnitroso :mincxs (I) .  

-It' 0 

o=4A + K-N=N -0-f$--ICL 

IJLX=-0 
I TI 

We wish to  thank one of the referees of this manuscript for 
calling this analogous rearrangement to our attention. 

( 6 )  V. Th.xAlaktov and A. Onishchcnko, Compt. rend. 
acad. sci., II.R.S.S., 20, 1:33 (1988); Chert/,. Abstr., 33, 1725 
(1939). 

is the usual intermediate for this type of reaction. 
Indecd, we would point out that  these results are 
suggestive of :L possible mechanisni for the general 
re:~ctio117 whereby nitrous acid treatment of an  a- 
substitutcd b-keto estcr, malonic acid or ester, or 
cyanoacetic ester results in the replacement of an 
acyl group by un oximino group. It is possible that  
these reactions 2111 involve an  initial nitrosation 
follon.ed by i~ re:maiigement to a readily-solvoly- 
zable 0-acylosirnino intermediate. 

EXI'E:HIMIEhrTAL8 

0-.4 cetyZ-a-oziniino-7-bzifyrolaclone (111). (A) Nilrosnlion 
of a-aceto-y-bulyrolnctone. To a cooled ( + 5 ' )  solution of 
a-ttceto-r-b~ityrolactonc (I, 250 g., 1.98 mole) and sodium 
nitrite (160 g., 2.32 mole) in 400 ml. of water was added 
400 ml. of 6.V ctqiieous hydrochloric acid over a period of 1 
hr. The reaction mixture was allowed t o  stand at +5' for 
a n  additional 3 hrs. and the precipitate which had formed 
was collected by filtration, washed with cold ( + 5 ' )  water 
and dried in vacuo over phosphorus pentoxide t o  give 235 
g. ( i i yo )  of crride IT1 as tacky yellow crystals. Several rr- 
crystallizations from isopropanol gave 90 g. (29%) of I11 
R S  colorless crystals, m.p. 89-90' ( X ~ , ~ ~ i 8 ,  5 . 5 6 ~ ~  5.G0pJ 5.98p, 
8 . 5 0 ~ ;  A:,$" 210 mp; e = 13,400). 

iinal. Calcd. for CeHTNO,: C, 45.9; 11, 4.49; N, 8.92. 
Forinti: C, 46.0; H, 4.58; N, 8.!)7. 

(I3) Acetillation oJ a-orimino-r-b~tyrolaclone (IV). A SUR- 

pension of a-oximiiio-r-butyrolactone (IV, 3.45 g., 0.03 
mole) in 25 ml. of acetic anhydride was heated for 15 min. 
rtt 90'. The resulting solut,ion was allowed to cool slowly to 
room temperature over a period of 1 hr. and concentrated 
in vncuo on a water bath (50"). The  residual oil was poured 
into 50 ml. of ethyl (lther and the resulting solid was collected 
h y  filtration and dried in L'UCZIO over phosphorus pentoxide 
t o  give 4.50 g. (05%) of colorless crystals, m.p. 86-89', 
Recrystallization from isopropanol gave 4.15 g. of 111, m.p. 
89-90". The infrared spectrum for this material was identi- 
cal with tha t  of the product obtaincd via the nitrosation of 
n-ac,eto--,-h~it.yrolactone (111) and admixture melting point 
gave no dcprcssion. 

cu-0zimino-.,-hut?/rolaclone (IV). A suspension of O-acetyl- 
a-oximino-y-hutyrolactone (111, $0 g., 0.45 mole) in 250 ml. 
of 21%' hydrochloric. acid was heated to  50' for 30 min. and 
cooled to 10". The precipitate which formed was collected 
by f ihat ion,  washed wit11 water, and driod in vacuo at 50" 
t,o give 35.0 g. (68y0) of Il' as colorless crystals, m.p. 180- 

,,,. 218 mp, E = 11,200. Fcofilaktov and Onish- 
cherikol rrport> m.p, 1!)2---193"; Sudo et u L . , ~  rcport xn.1). 
183"; Snydcr et a / ,$  roport n1.p. 18?1-185". 

18;3 0 ; x>I""N 
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( 7 )  For a review of this rcrtction see 0. Toustcr, Org. 

(8) Melting points itre uncorrected. 
(0) H. I t .  Snyder, J. T I .  Andreen, G. M' Cnnnrin, and C. 1'. 

Renctions, VII, 336 (1953). 

l'etcrs, J .  Am. Cheni. Soc., 64, 2082 (1942). 


