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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). 
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TABLE I 
TRICHLOROMETHYL ARENETHIOLSULFONATES, RSOzSCC13 

Crude 
yield, 

% Solvent“ M.p.,b ‘C. Formula 

58.5 .. Oil‘ C7HbC1~02Sz 
46.5 A 67-68. 5d CsH7ClsO& 
80 A 56-57.5‘ CdLClrOzS2 
97 A 53-54.5 C7HsClsOzSz 
79 A 65.5-66 C7H4Cl~NO4Se 
37 A 92-93 C7HaClaN01S2 
85 B 118-119 C T H ~ C ~ ~ N O L ~ ~  
63 A 67-68 Ci”ClrNOtS2 
92.5 A 52.5-54 CoH7ClsO2sz 
47 . .  Oil CiiHXls02S2 
33.6 C 125.5-127 CeHsClsOjSi 

Sulfur, 70 
Calcd. Found 

22.0 22.0 
21.0 20.9 
19.7 19.6’ 
17.8 18.1‘ 
19.1 19.3h 
19.1 19.1’ 
17.3 17.2’ 
17 .3  17 .7  
21 .o 20.8 

24.0 24.3 

k k . .  . .  

a Solvents for recrystallization: A, petroleum ether (boiling range, 55-110’); B, ethylene dichloride; C, benzene + 
petroleum ether. Reported* 
m.p. 65.5-66.5’. Reporteds m.p. 56-56.5’. f Calcd.: C1, 43.6. Found: Cl, 43.5. 0 Calcd.: C1, 49.2. Found: C1, 
48.9. Calcd.: N, 4.2. Found: N,3.8. i Calcd.: N, 4.2. Found: N, 3.8. f Calcd.: N, 3.8. Found: N.3.8. k Calcd. 
C1, 31.1. Found: C1, 30.9. 

Uncorrected. H.  J. Backer and E. Westerhuiss reported a b.p. of 148-150’ (2 mm.). 

to yield well-defined trichloromethyl arenethiol- 
 sulfonate^.^^^ The physical properties and yields 
of the eleven trichloromethyl arenethiolsulfonates 
thus prepared8 are given in Table I. 

Experimental9 
The sodium benzene- and 9-toluenesulfinates were pur- 

chased from Eastman Kodak Company. The other sodium 
arenesulfinates were prepared by the reduction of the corre- 
sponding sulfonyl chloride with sodium sulfite or zinc dust.’O 
In most cases, the crude sulfinates were used without fur- 
ther purification. The preparation of the hitherto unknown 
sodium anisole-2,4-disulfinate is described as follows. 

Sodium Anisole-Z,4-disulfinate .-Anisole ( 162 9.) was 
added to chlorosulfonic acid (1440 g.) with stirring and 
cooling. The mixture was stirred a t  room temperature 
overnight and then poured onto an ice-water mixture. The 
gummy product was taken up in carbon tetrachloride and 
washed with water. After the solvent was removed by 
distillation under reduced pressure, the anisole-2,4-disul- 
fonyl chloride was obtained as a white solid (115 g.), m.p. 
90-94’. 

The above crude anisole-2,4-disulfonyl chloride (130 9.) 
was added to  a stirred and cooled solution of sodium sulfite 
(164 g.) in water (500 ml.). The mixture was stirred a t  
room temperature for two hours during which time it was 
kept slightly alkaline by the addition a t  intervals of small 
portions of 50% sodium hydroxide solution. The solid 
which separated upon cooling was collected by filtration. 
The sodium anisole-2,4-disulfinate, after two recrystalliza- 
tions from water, was obtained as a white solid which 
weighed 105 g. 

Anal. Calcd. for C7HeO&Na.HeO: S ,  21.5. Found: 
S, 21.8. 

The method of preparation of the trichloromethyl arene- 
thiolsulfonates is illustrated by the following example. 

Trichloromethyl4-Chloro-3-nitrobenzenethiolsulfonate .- 
A mixture of potassium 4-chloro-3-nitrobenzenesulfonate 
(229 g.) and chlorosulfonic acid (232 g.) was heated a t  135- 

(6) For previous work on the formation of thiolsulfonates from sul- 
fenyl chlorides and sulfinates, see, for example: (a) T .  Zincke and F. 
Farr, Ann. ,  S91, 72 (1912); (b) C. J. Miller and S. Smiles, I. Chem. 
Soc., 224 (1925); (c) R. Child and S. Smiles, i b i d . ,  2702 ‘;Y26). 

(7) For a summary of the discussion of the structure of thiolsul- 
fonates, see R. Connor, Gilman’s “Organic Chemistry,” second ed., 
Vol. I ,  John Wiley and Sons, Inc, New York, N. Y., 1943, p. 912. 

(8) An article by H. J. Backer and E. Westerhuis has recently ap- 
peared (Rec. Ivau. chinr., 71, 1082 (1952)) in which the preparation of 
three of our compounds by the same method was reported. 

(9) We are indebted to Dr. W E Craig for a generous supply of 
sodium 4-chloro- and 3,4-dichlorobenzenesulfinate and t o  Mr. T .  P. 
Callan and his staff for chemical analyses. 

(10) Adaptation of the method of F .  C. Whitmore and F. H. Hamil- 
ton, “Organic Syntheses,” Coll. Vol. I ,  John Wiley and Sons, Inc., 
New York. N .  Y. ,  1944, p. 492. 

140’ for three hours. The mixture was poured onto ice and 
the oil was taken up in carbon tetrachloride. After the sol- 
vent was removed by distillation, the 4-chloro-3-nitroben- 
zenesulfonyl chloride was obtained as a viscous oil (119 g.). 
This was reduced by sodium sulfite (110 9.) as above. 
The solid sodium 4-chloro-3-nitrobenzenesulfinate was col- 
lected and dissolved in water (800 d.). To this stirred 
solution was added a solution of trichloromethanesulfenyl 
chloride (74 g.) in carbon tetrachloride (150 ml.). The 
mixture was stirred for three hours. The organic layer was 
separated and concentrated in vacuo to give 94 g. of trichlo- 
romethyl 4-chloro-3-nitrobenzenethi~lsulfonate. 
ROHM AND HAAS COMPANY 
PHILADELPHIA, PENNA. 

0l8 Exchange Reactions between Anhydrides and 
Carboxylic Acids’s2 

RECEIVED DECEMBER 7, 1953 

I n  a search for a method for determination of the 
O’* concentration of the a-carboxyl oxygen atoms 
of a-amino acids, we have investigated the Dakin- 
West4 reaction. In  this reaction the a-amino 
acid is warmed in a mixture of acetic anhydride 
and pyridine. Under these conditions a-amino 
acids yield 1 mole of COz per mole of amino acid. 
When this reaction was carried out with phenyl- 
alanine containing 1.28 atom per cent. excess 0l8, 
the COZ produced contained but 0.12 atom per cent. 
excess O‘*. A similar result was obtained when ben- 
zoic anhydride replaced acetic anhydride. When 
the phenylalanine was kept in boiling acetic an- 
hydride for one-half hour before addition of the 
base, the CO2 evolved contained no detectable ex- 
cess 0l8. 

A similar result was found when benzoic acid, 
containing 0.64 atom per cent. excess 0l8 was re- 
fluxed with acetic anhydride for one hour. De- 
carboxylation of the recovered benzoic acid pro- 
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cer Society on recommendation of the Committee on Growth of the 
National Research Council. 
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