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added a solution of 229 mg. of picric acid6 in 3.0 ml. of hot 
absolut,e ethanol. Aftcr cooling, the yellow crystalline prod- 
uct, was collected by filtration, washcd, and tiricd (weight 
335 mg.). 

The mataerial was recryfit,allieed from absoliitc ethanol 
(150 ml./g.). Aft,cr one or two days, t,hcrc: w r ( l  obtained 
sheaves of yellow ncedles, dry weight 221 mg. (56yo) m.p. 
177-181' (gradually turns to  dark viscous liquid). 

Anal. Calcd. for CIIH&SOS: C, 42.32; If, 3.81. Found: 
C, 41.97; H, 3.68. 

4 - A m i n o m e t h y l - S - h ~ ~ d r o ~ ~ i ~ - ~ - n ~ e l h ~ j l - ~ - p y r ~ d ~ n ~ r n ~ ~ ~ ~ ~ ~ r ~ o l  di- 
picrale (pyridoraniine dipicrate). ( A )  To pyridoxamine free 
base (84 mg.) in 6 ml. of boiling ethanol was added a solution 
of 229 mg. of picric arid0 in 5 ml. of hot ethanol. The yellow 
precipitate was collected, washed, dried, and recrystallized 
from absolute ethanol (220 ml./g.), giving 139 nig. (4470) of 
glistening yellow leaflets, m.p. 189-192" (gradually changes 
to dark liquid). The reported5 (capillary) melting point is 
201'(dec.). 

This picrate when rccrystallizcd from wator separates in 
the form of long yellow needlcs. 

(B) In an  attempted preparat'ion of pyridoxaminc 
thiourea picrate, a solution of 964 mg. of pyridoxamine 
dihydrochloride, 583 mg. of anhydrous pot,assiuni thiocya- 
nate, and 336 mg. of sodium hicarbonatr, in 5.0 ml. of water 
was boiled 10 min. A solution of 1.01 g. of picric acid0 in 
20 ml. of boiling wat,cr was then added. The ycllow crystals 
which scpnrat,ed on cooling w c r ~  collected, washed, a id  dricd 
(weight 1.3 g.). The material was recrystallized from water 
(57 ml./g.), .giving 1.15 g. (dry weight) of long yellow 
needles, consist,ing of starting material dipicrat,e. The melt- 
ing behavior was identical with that of the product in Par t  
A (above). 

Anal .  Calcd. for C20H19rlTa01a: C, 38.34; I€, 2.90; N, 17.88. 
Found: C, 38.23; H, 2.71; S, 17.56. 

3-Hydrox y-~-methyG4-ureidomethyGti-pyridinemeth~nol 
picrate (pyridoxurea monopicrate). To 336 mg. of pyridox- 
amine free base was successively added 162 mg. of potas- 
sium cyanate, 5.0 nil. of mater, and 0.33 ml. of 6.V hydro- 
chloric acid, with stirring. The rcsulting mixture was heatrd 
t,o boiling, giving a clear solution, which was boiled undcr 
reflux for an  additional 10 min. 

A 458 mg. portion of crystallinti picric acid0 was stldctf 
all a t  once, and the mixt,ure boiled for 5 min. On rooling, 
there separated yellow crystals, which were c*ollccted by 
filtration, washed with two 5-ml. portions of water, aiicl 
dried, giving 750 mg. (8576) of crude product. 

For analysis, a portion of this material was recrystallized 
from absolute ethanol (175 ml./g.). After 24 hr. a good rc- 
covery was obtained of long yellow ncedlw, m.p. 1%- 
203" (dec.). ( I t  was later found that 50"/;, ethttnol, 37 ml./ 
g., is a more convenient crystallizing solvent,.). 

Anal .  Calcd. for CIJT1~NeOio: C, 40.91; 11, 3.66; S, 
19.09. Found: C, 41.05; H, 3.41; K, 18.59. 

From the mother liquors 011 stsanding t,l)crt: sop:irat od 
yellow prisms, which have not yvt, t m n  charactcrizctl. 

d-H:~dro2ey-Z-methlll-~-~ireidometh y1-5-p yridinemethanol 
hydroch.loride (pyridoxurea momh?/drochloride). h 1.55-g. 
port,ion of the urea picrate was dissolved in 10.0 nil. of ti.!J 
hydrochloric acid, and the solution extracted twice with 25 
ml. portions of benzene. The aridic aqueous phase n-as s t y -  

arated, and vacuum distillcd to dryness. Thc residiic was 
recrystallized from I : 1 absolute cthanol-mctl~:tnol, xiid 
dried, aivine: 560 ma. (04%) of colorless needlcs. ILL). 205.- .- . "I , .  
208' (&e.).'- 

C, 43.62; €1, 5.87. 
Anal .  Calcd. for C~HUCIX~OY: C, 43.64; H, 5.70; Found: 

6-Acctox~/methyG3-hydrox~y-2-7nethyl-4-urei~on~ethylp yridinc 
hydrochloride (pyridoxurea 5-0-acetate monohydrochloride). 

(6) The conimercial picric acid used presumably ron- 
tains up to 10% of addcd water; it is unfortunate that the 
manufacturers seldom, if ever, specify on the label t8he 
added water content of this reagent. 

To 440 mg. of the above urea piwatt, there was added 
2.05 ml. of a 2.44zCf solution of hydrogen chloride3 in glacial 
acetic acid, xi th  stirring. IVithin a few minutes the yellow 
crystals changed into a ncarly colorlcss oil. The mixture was 
allowed to stand tor 24 hr., and 5.0 ml. of benzcnc was then 
added, with stirring. 

After 30 min. the yellowish crystals were removed by 
filtration and washed repeatedly with additional 5 ml. por- 
tions of 1)enzene until colorl~ss. The crude vacuum-dried 
(over sodium hydrosid(1) product weighed 2.5 my. and melted 
with drcomposition at lW-210". 

To the product in 5.4 ml. of boiling absolute ethanol 
(!light residue) w a s  added sufficient water (5-10 drops) to 
give a clear (ycllow) solution. On cooling there was obtained 
86 mg., dry might  (30%), of flat colorless needles, m.p. 
200-208 (dec.). 

For analysis this material was again rccrystallizcd, from 
95% ethanol, giving sheaves of colorless needles, m.p. 203- 
20tio(dec.). 

Anal .  Calcd. for CllHl,jCIS~O~: C, 45.60; H, 5.57; K, 
14.50. Found: C, 45.50; H, 5.42; N, 14.40. 

A sample whcn testcd for phenolic hydroxyl with ftwic 
rhloiide gave an  immediate deep red brown color (positivc 
test). A control t rs t  on pyridoxamine dihydrochloride gave a 
similar color. An additional control test on 3-amino-5- 
i~mir1omethy1-~-cthoxymcthyl-2-methylpyxidine~ (which has 
110 phcnolir group) did not give any color. 

The infrared spectrum (dctcrmincd with a Perkin-Elmer 
Modr 1 21 Rccording Spectrophotometer, using a potassium 
bromide pellrt) showed a strong absorption maximum at 
1730 cm. -1. This peak presumably represents the stretching 
vibration of the ester carbonyl group,B and is missing in the 
spcctrum of the nonacctylated urea hydrochloride (ILHCI). 
A comparison spectrum on pyridoxamine dihydrochloride 
itsclf likenisc had no absorption maximum in this region. 
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(7)  S. A. Hwiis :tiid I<. Folk(~is, J. A ~ L .  Chein. h'oc., 61, 
I245 (1939). 

(8) Althorigli arylstioii 01 it  iues primary amino groiip 
is sometimes possible, \*(' beliwc that the strongly aridic 
conditions here used ~ o u l d  prrvvnt amine wylation, and 
a t  the samc time would favor esterification. Under strongly 
aridic conditions aryl groups, t w n  if originally attached to 
nitrogcn, tend to migratc to oxygen. 

Some Sulfones of Lhe Anthraquinone Series 
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Anthraquinonyl sulfones are usually prepared by 
oxidation of the corresponding thioethers, which 
arc obtainable from halonnthraqui~ioncs, either di- 
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rectly or aia the mercaptans. The reaction of a halo- 
anthraquinone with an alkali sulfinate, to give the 
sulfone in one step, has appareritly never been 
tried. 

l-Chloroanthrac~uirio~ie did, in fact, react 
smoothly with sodium p-toluenesulfinate in reflus- 
ing diethylene glycol monoethyl ether to  give the 
sulfone (I) .  cS-Benzaniido-l-chloroaiitliraquinont~ 
reacted similarly to give 11, though in poorer yield. 

9 ? 
+ C H 3 0 S O z N a -  - 

0 

q x p  
R O  

With 4-beiiznmido-l-chloro~~~it~~r~iquinoiie. re- 
sults were not very reproducible, although it \vas 
possible to isolate the debcnzoylated sulfone (111) 
in rather poor yield ; this coiild be benzoylnted to 
IV. 

The sulfone group is removed by syrupy phos- 
phoric acid, converting 111 to 1-aminoaiithraciui- 
none. 

As would be esperted, 2-chloro derivatives 
proved less reactive. 2-Chloro-:$-:tnthra~uirionecnr- 
bosylic acid gave :L poor yield of the decarboxylated 
sulfone (V), while t'-c.hloroanthracliiinone gave :L 

0 

o v  
reaction mixture containing uncfiangcd starting ma- 
terial and sulfone (1'). 1 ' 1 ~  lattcr w:is not isolated 
but was identified by infr:irtd c.omp:wiion with the 
pure compound. 

Ultrat,iolet and visual spmtrn. Table I givw wave 
lengths and mo1ecul:ir estinction coeficicnts for all 
absorption peaks shown by these sulfones in the 
visual and ultraviolet rang(', meawred in methyl- 
ene dichloride. The positions of the peaks of highest 
wave length \vert then correlated (Table 11) by 
the recent method of Labhart.' I n  his analysis, the 
energy difference between the ground state and the 

(1) H. Labh:irt, Hel l .  C h m .  Adu,  40, 1410 (1957). 

first excited state, considered as a function of the 
nature and position of the substituents, is expanded 
in a Taylor series through the square terms. This 
gives rise to two sets of parameters, of which the 
ring position parameters are called a's and the sub- 
stituent parameters, h's. In  this way, Labhart made 
f : d y  accurate wave-length computations for an- 
thraquinone derivatives containing no more than 
t xo  substituents. 

TANIX I 
V I ~ U A L  ANI) ULTRAVIOLET  ABSORPTION^ 

I 325 4500 255 39,000 
I1 4'25 6800 252 44,000 

111' 448 4!)40 306 11,500 248 38,100 
l'i 400 4600 310 22,700 265 40,400 
1' 325 6600 258 49,000 

The q3ectrn were rncasured at 10 rng./l. concn. in di- 
chloromethane, thc visual with a modified Hardy-type and 
the ultraviolet with a Cnry rccording spectrophotometer. ' Shoulder at 275 nip ( B = 15,600). 

TABLE I1 
Fr1ts.r  SORPTION Maxrx4 - 

AI; (eV) ____-I.__ ____ Sul- _- A",,, -. (l11M)- 

fori? Four1tI Calcd. Found Calcd. 

Ia  325 . .  3.83 . . .  
I1 425 414 2.02 3.00 

111 448 462 2.77 2.68 
400 4 10 3.10 3.02 

1' 325 .32a r 3.82  3.82 
IV 

a The aalculation of the parameter b = -0.03 for the 
p-toluc.ncsulforiy1 group is basod on t,hi(i compound; t>his 
value is used in turn to cornputt: Amfix, and AI2 for thc remain- 
ing compounds. 

__ 

Table I1 shows the moderately successful predic- 
tions of the first, absorption peaks for these sul- 
fones; it might be said that they do not constit'ute a 
very severe t,est of J,abhart's equation, inasmuch as 
the p-tolueiiesulfonyl group does not affect absorp- 
tion very strongly. I ts  feebly hypsochromic in- 
fluence is reflected in the low negative value of 
-0.03 for its parameter, which causes the squizre 
terms to vanish in the energy espansioii. Kever- 
theless, i t  is interesting to incorporate these com- 
pounds in the Labhart scheme, which was naturally 
based almost exclusively on the far commoner 
bathochromic substituents. It. is of the nature of this 
scheme that each iidditioii t.o it multiplies the scope 
of it3s predictive power. 

E S I W ~ I ~ ~ Z I S S T A L ~  

1-(21-?'olrLPnPs711Jon?/I)nnlhiaqitinone (I). A mixture of 2.4 
g. (0.010 mole) I-chloronnthrilquinone and 2.0 g. (0.011 
mole) sodiiim p-tolucric,s~ilfinntc in 75 ml. of diethylene 
glycol monoethyl ether was ,stirred for 5 hr. :it 180-190" 
:tiid thcn cooled uncl diluted with wntci, giving 2.8 g. (78% 

(2) ?vlelting points are corrected. 
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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 fi lhtioii ,  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- 
matdy 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.. 
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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 that 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). 


