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crystallizations from acetic acid raised the melting point to 
259-260' dec. 

Anal. Calcd. for C13HloNzOaS: C, 48.44; H,  3.13; N, 
8.69. Found: C, 48.27, 48.33; H ,  3.19, 2.95; N, 8.50, 
8.41. 

Ethyl N-p'-Nitrobenzenesulfonyl-N-(3,3-diethoxy-2-hy- 
droxypropy1)-p-aminobenzoate (IV) .-A mixture of 12.0 g. 
of I, 5.8 g. of 2,3-oxidopropionaldehyde diethyl acetal and 
3 drops of pyridine was heated a t  135' for 2 hours. The 
dark brown melt was crystallized from 60 ml. of 2-propanol 
to give 15.9 g. (93.1% yield) of IV, m.p. 109-112'. Several 
recrystallizations from 2-propanol gave material melting 
115-117'. 

Anal. Calcd. for C2~H28N209S: C, 53.22; H, 5.68; N, 
5.64. Found: C, 53.33,53.38; H, 5.60,5.53; N, 5.73,5.69. 

Diethyl N-[N'-p'-Nitrobenzenesulfonyl-p-amhobenzoyl]- 
L-glutamate (III).-Diethyl P-aminobenzoyl-L-glutamate 
(3.22 g.)  was dissolved in 6.3 ml. of pyridine and 2.22 g. 
of p-nitrobenzenesulfonyl chloride added. After the initial 
reaction the mixture was warmed on the steam-bath for one 
hour and then poured into 100 ml. of ice-water. The prod- 
uct col1;cted by filtration, weighed 4.5 g. and melted at 
154-161 . Several recrystallizations from dilute acetone 
raised the melting point to  165-167'. 

Anal. Calcd. for C Z Z H Z ~ N ~ O ~ S :  C, 52.06; H ,  4.96; 
N, 8.28. Found: C, 58.18; H,  4.97; N, 8.11. 

Diethyl N-[N'-p'-Nitrobenzenesulfonyl-Nf-(3,3-diethoxy- 
2-hydroxypropyl)-p-aminobenzoyl] +glutamate (IVa) .-A 
mixture of 5.1 g. of I11 and 1.75 g. of 2,3-oxidopropionalde- 
hyde diethyl acetal, and 3 drops of pyridine was fused a t  
140' for 2 hours. The dark melt was crystallized from 3U 
ml. of 2-propanol to give 5.3 g. (81.2% yield) of IVa which 
melted a t  130-134'. Recrystallization from ethyl acetate 
gave white crystals, m.p. 136138'. 

Anal. Calcd. for C23HagNS012S: C, 53.28; H ,  6.01; N, 
6.43. Found: C, 53.32, 53.68; H, 5.76, 5.84; N, 6.30, 
6.21. 

N-(pf-Nitrobenzenesulfonyl)-N-(2,3-dihydroxgpropyl)-~- 
aminobenzoic Acid (V).-After fusion at  135" for 2 hours a 
mixture of 14.00 g. of I, 5.6 g. of glycidol acetate and 5 
drops of pyridine was dissolved in 100 ml. of 80% ethanol and 
40 ml. of 10% sodium hydroxide. This solution was 
heated under reflux for 1 hour, the alcohol distilled under 
vacuum, and the residue diluted with 100 ml. of Hz0. The 
cloudy solution was extracted with ethyl acetate and the 
extract discarded. Acidification of the aqueous fraction 
followed by extraction gave an acid fraction which when 
crystallized from 2-propanol weighed 6.8 g. (42.9% yield). 
I t  melted a t  175-185'. After recrystallization from 2- 
propanol an analytical sample, m.p. 205-209', was ob- 
tained. 

Anal. Calcd. for C16HlaN20sS: C, 48.48; H, 4.07; N, 
7.07. Found: C, 48.59, 48.74; H, 3.86, 4.10; N, 7.08, 
7.21. 

p-  [( 2-Amino-4-hydroxy-6-pteridylmethyl)-p'-nitrobenzene- 
sulfonylamho]-benzoic Acid (VII).-A heterogeneous mix- 
ture of 4.96 g. of hydroxyacetal IV, 5.26 g. of sodium di- 
chromate, 35 ml. of chlorobenzene, 7 ml. of sulfuric acid and 
23 ml. of water was stirred a t  2-5' for 3 hours. The dark 
reaction mixture was diluted with ethyl acetate and washed 
with water and sodium bicarbonate solution. Evaporation 
of the solvent gave 4.9 g. of non-crystalline VI. This keto- 
acetal was not further purified but added to a mixture of 
2.14 g. of 2,4,5-triamino-6-hydroxypyrimidine hydrochlo- 
ride,a 1.7 g. of sodium acetate and 0.25 g. of potassium 
iodide in 50 ml. of acetic acid. This reaction mixture was 
stirred a t  25' for one hour and heated under reflux for 2 
hours. The solvent was distilled under vacuum. The 
residue was triturated twice with 20 ml. of 80% ethanol and 
then dried. 

One gram of crude pteridine was triturated with 30 ml. 
of concentrated hydrochloric acid. The acid solution was 
treated with 0.25 g. of Norite A and this diluted to  180 ml. 
with water. The precipitate was collected at the centrifuge 
and dried. It weighed 0.35 g. and showed the following 
ultraviolet maxima: NaoH 258 mp, E;?m 541; 364 
mp, A slurry of 0.15 g. of the partially purified 
VI1 and 0.80 g. of calcium hydroxide in 10 ml. of 0.1 N so- 

It weighed 3.5 g. 

135. 

(3) w. Tmube. B e y . ,  33, 1371 (1900). 

dium hydroxide and 400 ml. of water was stirred a t  25' for 
one hour, heated to  95" and fdtered. The pH was adjusted 
to  3.0 and as the solution slowly cooled yellow needles of VI1 
(0.07 g.) precipitated, X::xNNaoH 258 m p ,  700; 285 
mfi, 311; 364 m p ,  180. 

Anal. Calcd. for C~OHIIN~O~S: C, 48.29; H, 3.04; N, 
19.71; S, 6.44. Found: C, 48.38, 48.34; H, 3.27, 3.43; 
N, 20.04; S, 6.57,6.64. 

N-[p- [(2-hhO4-hydrO -6-pteridylmethy1)- '-nitroben- 
zenesulfonylamino] -benmyz~-glutamic Acid &Ia).-Di- 
ethyl N-[N'-p-nitrobenzenesulfonyl-Nf-(3,3 - diethoxy -2- 
hydroxypropyl)-p-aminobenzoyl]-L-glutamate was oxidized 
as described above in the preparation of VI to  give crude 
crystalline VIa, m.p. 145-150' (75.570 yield). This product 
was not purified but condensed with 2,4,5-triamino-6-hy- 
droxypyrimidine to give 28% of a crude pteridine fraction. 
This material was not further investigated. 
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The recent publication by Logemann, et a1.,2 de- 
scribing the production of L-erythro-p-nitrophenyl- 
serinol from the L-threo-form has prompted us to 
publish some of our own work in this direction. It 
is particularly interesting that while very similar 
methods were used, the reaction courses appear to  
be decidedly dissimilar. 

Logemann, et al., prepared L-threo-l-p-nitro- 
phenyl-1-tosyloxy-2 - dichloroacetamido - 3 -benzoyl- 
oxypropane by tosylation of the L-threo-diacylated 
p-nitrophenylserinol. Treatment of this tosyl de- 
rivative with potassium acetate in ethanol led to re- 
placement by acetate with partial inversion or race- 
mization a t  the C1 center. By acid hydrolysis, an 
L-erythro-p-nitrophenylserinol, m.p. 112O, and an 
unknown, m.p. 154O, were found. The latter was 
suspected of being L-threo-p-nitrophenylserinol 
which melts 8 to 10' higher. The zero rotation 
reported is inapplicable to either substance. 

Our own experience in converting threo-p-nitro- 
phenylserinol to the erythro-form has been through 
mesylation of ~-threo-l-$~-nitrophenyl-2-benzamido- 
3-benzoyloxy-l-propano1.8 On treatment of the 1- 
mesylate with potassium acetate in absolute ethanol 
potassium mesylate separates and from the solution 
is obtained a thick oil identifiable as the L-erythro- 
oxazoline by its infrared and by its subsequent re- 
actions. Dilute acid readily opens the oxazoline 
and 0 -+ N shift in base gives an N,O-dibenzoyl 
derivative which can be hydrolyzed in base to L- 
erythro-N-benzoyl-p-nitrophenylserinol. Acid hy- 
drolysis removes the amide to yield L( - )-erythro-p- 
nitrophenylserinol. 

In order to obtain a crystalline erythro-oxazoline, 
the 0-benzoyl was removed from L-threo-l-p- 

(1) Chloromycetin is the registered trademark which Parke, Davis 
and Company has adopted for the antibiotic drug, chloramphenicol. 

(2) W. Logemann, F. Lauria and E. Pella, Gass. chin,. i f d ,  83, 407 
(1953). 

(3) This substance has been reported by C. G. Alberti, et ai., Chim. 
ind., 39, 5 (1951). Our preparation will be reported in another con. 
nection. 
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nitrophenyl- 1 -mesyloxy- 2 - benzamido - 3 - benzoyl- 
oxypropane by mild alkaline hydrolysis and the 
product cyclized with potassium acetate in ethanol 
to yield ~-erythro-2-phenyl-4-hydroxymethyl-5-p- 
nitrophenyl-A2-oxazoline. 

We have also employed the mesylation procedure 
on L-threo-N,O-diacetyl-p-nitrophenylserinol to  ef- 
fect the threo- to erythro-conversion. The final prod- 
uct was isolated as L-erythro-chloramphenicol. In 
this case, the intermediates were all syrups and fur- 
nished no evidence that the conversion was through 
an intermediate oxazoline. 

We also attempted the use of the tosylate of the 
9,O-dibenzoyl-p-nitrophenylserinol but found that 
tosylation gave considerably lower yields than did 
mesylation. 

The elimination of the sulfonates with neighbor- 
ing group participation has been recognized princi- 
pally by LVinstein, et ~ 1 . ~  An entirely analogous in- 
version with participation of the benzamido group 
was reported5 in the preparation of the trans-oxazo- 
line from the appropriate allo-threonine derivative. 

U'e are indebted to Dr. George Rieveschl, Jr., for 
his interest in this problem. Infrared data were 
obtained by R. B. Scott and Ernest Schoeb. Mi- 
croanalyses are from the Parke, Davis and Co. micro- 
analytical laboratory under the direction of Charles 
Childs. 

Experimental 
~ - t h r ~ o - l  -p-Nitrophenyl-l-mesyloxy-2-benzamido-3-ben- 

zoyloxypropane .-By the usual method with methanesul- 
fonpl chloride and pyridine, 75% yield, m.p. 112O, from 
ethanol. 

Anal. Calcd. for Cz4Hz20&2S: C, 57.8; H, 4.44. 
Found: C, 57.27; H, 4.73. 

In  some preparations of the mesylate, a by-product (up 
to  30% yield), L-erythro-0,O'-dibenzoyl-p-nitrophenylser- 
inol methanesulfonic acid salt, m.p. 191-192', was ob- 
tained.6 

Anal. Calcd. for C Z ~ H ~ ~ O ~ N ~ S :  C, 56.06; H, 4.70. 
Found: C, 56.40; H, 4.56. 

On treatment with alkali this salt was converted to  I<- 
erythro-N,O-dibenzoyl-p-nitrophenylserinol, m .p. 185'. 

~-erythro-2-Phenyl-4-benzoyloxymethyl-5-p-nitrophenyl- 
A*-oxazohe.-The mesylate, 7 g., in 250 ml. of abs. ethanol 
mas treated with 15 g. of freshly fused potassium acetate 
and heated a t  reflux for four hours. Precipitation occurred 
during the f i s t  hour. The mixture was cooled and filtered. 
The filtrate was evaporated to  a thick sirup, taken into ethyl 
acetate and mashed with water. The ethyl acetate solu- 
tion n a s  dried and evaporated in z'acuo to leave a viscous 
sirup. 

Infrared measurements showed C=N at 6.04 p;  benzoate 
ester a t  5.79, 7.86 and 8.98 p.  KO amide I1 band was dis- 
cernible nor any other ester carbonyl. 

L-erythro-0,O'-Dibenzoyl-p-nitrophenylserinol Hydro- 
chloride .-The oxazoline was taken into ethyl acetate and 
treated with concd. HCl to precipitate the salt; 50% yield, 
m.p. 209'. 

Anal. Calcd. for C2?Hzl0eN\'2C1: C, 60.6; H, 4.6. 
Found: C, G0.37, 60.23; H,  4.91, 4.86. 

L-erythro-N,O-Dibenzoyl-9-nitrophenylserinol .-A sample 
of the ovazoline sirup was treated with acid and then with 
NaOH in a1co)ol. Concentration crystallized a white 
solid, m.p. 183 ; recryst. from alcohol-water, m.p. 185", 
81yOyield. 

(4) S. Winstein, L. Goodman and  R. Boschan, THIS JOURNAL, 72, 
2311 (1950); S. Winstein and  R. Boschan. i b i d . ,  72, 4669 (1960). 

( 5 )  J. Attenburrow, D. F. Elliott and  G. F. Penny, J .  Chem. Soc., 310 
(1948). 
(6) This material probably arises through oxazoline formation and  

ring-opening in the  manner previously noted b y  R. N. Boyd and R .  C. 
Rittner,  231th M r ~ t l n ~ ,  h.e.h., Chirnqo. Sept.. 1863. 

A n d  Calcd. for C23H2~0sN?: C, 65.6; H, 4.79. Found: 
c ,  65.44: H ,  4.79. 

L-erythro-N-Benzoyl-p-nitrophenylserino1.--A w n p l c  
(13 9.) of the dibeuzoyl derivative was warmed with 5odiurn 
hydroxide in ethanol-water and separated crystals on dilu- 
tion with water, m.p. 215", 9.5 g., 97y0 yield; recryst. from 
methanol, m.p. 217", [ c x ] ~ ~ D  +114' in dirnethylformxnidc. 

Anal. Calcd. for C16H1605N?: C, 60.7; H, 5.10. Found: 
C, 60.95, 60.74; H,  5.01, 5.11. 

L-erythro-p-Nitrophenylserino1.-The hT-benzoyl tleriva- 
tive (6 8.)  was heated for one hour a t  reflux in 200 ml. of A .V 
HCl. The solution mas cooled, filtered and evnpor:itctl i n  
Z ' U C Z 4 0 .  The residual solid was taken into 50 ni l .  of Twtrr 
and made basic with XHaOH. The solution was c-stractctl 
with methyl ethyl ketone, the extract dried over Na?SO, a n d  
evaporated. The residue was crystallized from ethylene 
dichloride. Crystallization was very slow. The yield W:IS 
0.8 g., m.p. 112-113', [ c x ] ~ ~ . ~ D  -2.5' in ethanol. 

Reaction of the residual sirup from the crystallization 
with methyl dichloroacetate in methsnol gave 2.0 of L - ( ' Y ~ -  
thro-chloramphenicol, m.p. 17Oo, [ c Y ] ~ ~ D  +12.Z3 in eth:inol. 

~-threo-l-Nitrophenyl-l-mesyloxy-Z-benzamido-3-pro- 
pan01 .-~-threo-l-p-Nitrophenyl-l -mesyloxy-Z-benzamitio-X- 
benzoyloxypropane (34 g.) was suspended in one liter of 
methanol and treated with 76 ml. of 1 -V NaOH. -4fter 
two hours, the yellow precipitate \vas wparnted, 15.4 g . ,  
m.p. 14-1-17', 58% yield. 

Anal. Calcd. for C17H180,AY&: C, 51.77; FI, 4.00. 
Found: C, 51.68; H, 4.64. 

~-erythro-Z-Phenyl-4-hydroxymethyl-5-p-nitrophenyl-~?- 
oxazo1ine.-The mesylate amide (above), 3.93 g., in 100 
ml. of abs. ethanol was treated with 2 g. of freshly fused 
potassium acetate, refluxed four hours and let stand over- 
night. The potassium mesylate was separated and the  
filtrate evaporated in vacuo. The yellow product TVXS 

crystallized from ether, 1.3 g., m.p. 179", 43% yield. 
Anal. Calcd. for Cl6HI4C4N2: C, 64.5: 13, 1.73; S, 

9.38. Found: C,64.54; H , s . l l ;  iY,9.48. 
Infrared spectra support this assignment by showing 0-1-1 

a t  2.97 p ;  C=X a t  6.07 p with the absence of S-H and of 
amide 11. 
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Trichloromethyl Arenethiolsulfonates 
BY CHIEN-PEN LO, HAROLD F. WILSON AND IT. J.  CROSAIJ, 

RECEIVED SOVEMBER 30, 1953 

Trichloromethanesulfenyl chloride reacts with 
a variety of compounds, the primary reaction being 
the replacement of a reactive hydrogen or its equiv- 
alent by a ClaCS- group. Such reactions with 
hydroxyl or sulfhydryl2 compounds, amines, 
imides4 and others5 have been reported in the litera- 
ture. We have found that trichlorornethane- 
sulfenyl chloride reacts with sodium arenesulfinates 

(1) J. >I. Connolly and  G. >I. Dyson, .7. Cheni. S o r . ,  679 (1935); 
827 (1937). 

(2) (a) R .  S. Hawley and A.  R. Kittleson, U. S. I'ntent 2,553,777 
(1951); (b) R. S. Hawley, U. S. Patent 2,333,778 (1951); (c) H. J.  
Backer and E. Westerhuis, Rec.  Ivav. c h z ~ n . .  71, 1065 (1952). 

(3) (a) B. Rathke, A n n . ,  167, 211 (1873); (11) T. B. Johnson and 
E. E. Hemingrvay, THIS JOURNAL, 38, 1500 (1916); (c) J. M. Connolly 
and G. hl. Dyson, J .  Chem. Soc., 822 (1934); 827 (1937); (d) R. S. 
Hawley, U. S. Patent 2,553,774 (1951). 

(4) (a) A. R. Kittleson, U. S. Patent 2,553,770 (1951); Science, 115, 
84 (1952) ; (b) A. R. Kittleson and H. L. Yowell, U. S. Patent 2,553,771 
(1951); (c) C. A. Cuhen, U. S. Patent 2,553,773 (1051); (d) R. S. 
Hawley, A.  R. Kittleson and  P. V. Smith,  U. S. Patent 2,553,775 
(1961); (e) W. J. Croxall, C. P. Lo and E. Y. Shropshire, T H I S  J O U R -  
NAL, 76, 5419 (1963). 

( 5 )  (a) G. Sanna and  S.  Stefano, Cass. chim. ital.,  72, 305 (1942); 
(b) H. Rritzinger, K.  Pfaonstiel, H Koddebu.;ch and K T i  Kling,  
B s r . ,  89, 87 (1960). 


