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Desulfurization of 5.-By the same procedure described for 
desulfurization of 4, 3.0 g of 5 was desulfurated to yield 1.3 g 
(48%) of 3,3'-diethylbiphenyl (6): bp 135-137' (1.3 mm); 12% 
1.5762; uv max (95% EtOH) 251 m r  ( E  16,745). The ir and 
nmr were identical in all respects to the ir and nmr of 6 obtained 
in the desulfurization of 4. 
2,6-Diacetyldibenzothiophene 5,s-Dioxide (7).-A mixture of 

3.0 g of 3, 10 ml of 30y0 HzOz, and 50 ml of HOAc was refluxed 
for 1 hr and cooled to room temperature, and the product was 
filtered. Recrystallization from acetonitrile gave 3.1 g (92%) of 
7: mp 303" dec; uv max (DMF) 333 mp (e 844); ir (KBr) 1695, 
1681 (C=O), 1310, 1162 cm-1 (sulfone); nmr (CF&OOH/ 

Anal .  Calcd for CleH1204S: C, 63.99; H,  4.03; S, 10.67. 
Found: C, 64.19; H ,  3.95; S, 10.72. 
2,8-Diacetyldibenzothiophene 5,s-Dioxide @).-By the same 

procedure used in the oxidation of 3, 6.0 g of 2 was oxidized, 
yielding 5.7 g (84%) of 8 after crystallization from acetonitrile: 
mp 272-277"; uv max (DMF) 377 mp (e 1430); ir (KBr) 1690 
(C=O), 1312, 1169 em-' (sulfone); nmr (CFsC0zH/CDC13) 6 

Anal .  Calcd for CtBHizOaS: C, 63.99; H ,  4.03; S, 10.67. 

CDClz) 6 2.83 (s, 3, CHa), 2.87 (9, 3, CH3). 

2.87 (s, 6, CH,). 

Found: C, 64.24; H ,  4.05; S, 10.64. 

Registry No.-1, 132-65-0; 2, 35105-75-0; 3, 
35105-76-1; 4, 35105-77-2; 5, 35105-78-3; 6, 13049- 
38-2; 7, 35105-80-7; 8, 35105-81-8. 
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The base-catalyzed reaction of arylsulfonamides with 
alkyl isocyanates is a valuable synthetic method for the 
preparation of arylsulfonylureas. During studies 
aimed a t  the synthesis of l-(p-iodobenzenesulfonyl)-3- 
n-pr~pylurea- l~~I ,  we found that a base-insoluble prod- 
uct was formed when the reaction was carried out with 
an excess of n-propyl isocyanate. This base-insoluble 
product was identified as 1-(p-iodobenzenesulfony1)- 
3,5-di-n-propyl isocyanurate (1). 

Tri-K-substituted, di-X-substituted, and mono-N- 
substituted isocyanurates have been synthe~ized*-~ 
and studied, but no l-arylsulfonyl-3,5-dialkyl isocy- 
anurates have been reported. The formation of 1, 
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therefore, represents not only a novel reaction but also 
a new chemical entity. The reaction most likely in- 
volves the base-catalyzed condensation of p-iodoben- 
zenesulf onamide with a threefold excess of n-propyl iso- 
cyanate with the subsequent elimination of n-propyl- 
amine. The transient existence of a series of anionic 
intermediates can be justified on the basis of a delocal- 
ization of the developing negative charge as proposed 
by Ulrich5 for analogous reactions. 

No mass ion occurred in the high-resolution mass 
spectrum of this compound under normal conditions ; 
however, a small peak did occur a t  m/e 479 when the 
instrument was overloaded with sample. The prom- 
inent high mass ion in the mass spectrum occurred a t  
m/e 415. This differs by sulfur dioxide from the pro- 
posed structure. The loss of sulfur dioxide upon elec- 
tron impact has previously been reported in sulfonyl- 
ureas6 and in 0-alkyl-N-arylsulfonyl  carbamate^.^ 
The prominent ions in the mass spectrum of 1 (Table I) 

TABLE I 
PROMINENT IONS IN THE MASS SPECTRUM OF 

1-(I)-IODOBENZENESULFONYL)-3,6-DI-?l-PROPYL ISOCYANURATE 
Per cent 

m/e Ion total ionization 

415 Ci5HidNsOa + 12.50 
374 CizHiaINsOa + 8.75 
332 CsH7INaOs + 2.70 
288 CsHJNzOz + 13.25 
267 CsHJO2S + 22.50 
245 C7HJNO + 26.25 
203 CeHJ + 50.50 
56 CzH2NO + 51.25 
43 CaH7 + 61.25 

can be accounted for by fragmentation of the molecule 
in a manner analogous to that reported for tolbutamide6 
and for ethyl N-methyl-N-(p-toluenesulfony1)carba- 
mate.' 

Heating 1 a t  170" in DR4F-H20 afforded l,3-di-n- 
propyl isocyanurate (2), thus providing chemical evi- 
dence in support of the proposed structure of l .  
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(6) H. Ulrioh, Accounts Chem. Res., 8 ,  186 (1969). 
(6) M. R. Grostic, R.  J. Wnuk, and F. A.  MacKellar, J .  Amer. Chem. Soc., 

(7) W.  H. Daly and C. W. Heurtevant, O r g .  Mass Spectrom., 4, 165 (1970). 
88, 4664 (1966). 
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Experimental Section 

Elemental analyses were performed by Spang Microanalytical 
Laboratories, Ann Arbor, Mich. Melting points were taken on 
a Fisher-Johns melting point' apparatus and are corrected. Ir  
spectra were taken on a Perkin-Elmer 337 spectrophotometer. 
Kmr spectra were obtained with a Varian 8-60 spectrometer in 
CDC1, at a concentration of 10% with TMS as an internal refer- 
ence. Mass spectra were obtained on an Associated Electrical 
Industries MS902 Double Focusing High Resolution Mass 
Spectromet,er equipped with a Honeywell 7600 Frequency 
Modulated Analog Tape Reader. The spectra were run a t  70 
el'. Chromatogram strips (K301R) were used for tlc, and the 
spots were detected with uv light. 

l-(p-Iodobenzenesulfonyl)-3,5-di-n-propyl Isocyanurate (1).- 
A solution of 0.5 g (0.0018 mol) of p-iodobenzenesulfonamide in 
5 ml (0.052 mol) of n-propyl isocyanate and 0.1 ml of triethyl- 
amine was refluxed with stirring for 96 hr . The excess n-propyl 
isocyanate and triethylamine were removed and the residue was 
dissolved in 15 ml of ethyl acetate. The ethyl acetate solution 
was filtered and 5 g of silica gel (80-200 mesh) was added to the 
filtrate. The ethyl acetate was removed in vacuo and 50 ml of 
benzene was added to the resin and evaporated in vacuo to remove 
the last traces of ethyl acetate. The dried silica gel with the 
reaction mixture adsorbed on it vas  added to the top of a silica 
gel column (60 X 2.5 cm), and the column was eluted with 
benzene at a rate of 4 ml/min. The product was eluted in the 
fractions between 500 and 600 ml. Aliquots of these fractions 
were chromatographed on tlc with benzene and only one spot 
(Rr 0.55) was observed. The benzene was removed from these 
fractions in vacuo. The resulting solid was recrystallized 
(EtOH-H?O) to yield 0.363 g (44.4%) of product: mp 186-187"; 
ir (KBr) 1726, 1700 (C=O), 1168 cm-' (SOZ); nmr (CDC13) 
0.91 (t ,  6, J = 7 Ha, CHS), 1.63 (m, 4, -CHI-), 3.75 ( t ,  4, J = 
7 Ha, CHZS), and 7.85 ppm ( 8 ,  4, aromatic). 

Anal .  Calcd for Cl&laIN30aS: C, 37.59; H ,  3.79; N ,  8.77. 
Found: C ,  37.75; H,3.83; K,8.83. 

Thermal Degradation of l-(p-Iodobenzenesulfonyl)-3,5-di-n- 
propyl Isocyanurate ( l ) . -A solution of 0.2 g (0.0004 mol) of 1 
in 9.8 ml of dimethylformamide and 0.2 ml of water was heated 
at 170" for 48 hr. The solvent was removed in vacuo, and the 
residual oil was dissolved in 10 ml of 1 S NaOH. The pH of 
the solution was adjusted to 6 with HC1 and a solid precipitated. 
The product was recryjtallized (Hz0) to yield 0.06 g (7lYi) of 
1,3-di-n-propyl isocyanurate ( 2 ) :  mp 137-138" (lit.8 mp 138'); 
ir (KBr) 3200 (NH), 1730, 1710 cm-I (C=O); mass spectrum 
(70 eV) m/e (re1 intensity) XI+ 213 (41). 

Registry No.-1,35105-49-8. 

Acknowledgment. -The authors wish to express their 
appreciation to Dr. A. I. Cohen for the mass spectra. 
We are grateful to Dr. R.  1,. Jacoby for the st'imulating 
discussions and t'he helpful suggestions. This research 
was partially supported by a grant from The Squibb 
Institute for Xedical Research. One of us (T. J. S.) 
was supported by a Kat'ional Science Foundation 
Undergraduate Research Participation Grant. 

(8) British Patent 928,637 (June 12, 1963); Chem. Abstr.,  60,  2988 (1964). 

The  Synthesis and Reactions of a 
Tetrachlorodioxopiperazine 

H. C. J. OTTCNHEYV,~ T .  F. SP.~R'DC, AR'D B. WITXOP* 

Xntional Institute of Arthritis and Jietabolic Diseases, 
1Yatzonal Institutes of Health, Bethesda, Maryland $0014 

Received March 16, 1978 

For a projected synthesis, we required the amino 
acid derivative N-trifluoroacetyl-a-chlorosarcosyl chlo- 

(1) University a t  Nijrnegen, Toernooiveld, Kijmegen, The  Netherlands 

ride (2). When we applied the usual two-step proce- 
dure2 for the synthesis of a-chloroacyl chlorides to N -  
trifluoroacetylsarcosine (1) , using first thionyl then sul- 
furyl chloride, we isolated the ala-disubstituted sar- 
cosy1 chloride 3 (-18% yield) in some reactions. The 
unexpected instability of 33 and the identification of 

CHaN(TFA)CXX'COX" 

1, X = X' = H; X" = OH 
2, X = H; X '  = C1; X" = C1 

(TFA = FaCCO-) 

3, x = X'  = X" = c1  

several of its decomposition products as fully chlo- 
rinated or ketalized diketopiperazines seemed of suffi- 
cient interest to warrant this interim report, especially 
so since N-trifluoroacetyl-a-chlorosarcosyl chloride (Z), 
which we obtained recently, is stable and does not yield 
diketopiperazines on standing. 

As expected the ir spectrum of 3 showed acid chloride 
(1775 cm-l) and trifluoroacetylamide (1660 cm-l) 
carbonyl absorptions (CCL), the nmr spectrum dis- 
played the N-methyl signals only slightly shifted from 
1, but the signal for the a hydrogen xas  absent. Fin- 
ally the electron-impact mass spectrum with the highest 
m/e peak at 236 corresponds to the molecular ion of 3 
less one chlorine atom, behavior which might be ex- 
pected for a geminal halide. 

On standing in a stoppered flask at  room temperature 
for 24 hr, however, the original colorless liquid changed 
largely to a crystalline mass (mp 128-130') whose ir 
spectrum now showed only one absorption (1728 cm-l) 
in t'he carbonyl region and a single N-methyl signal 
(singlet, 6 3.51) in the nmr spectrum. An electron- 
impact mass spect'rum showed as the highest peak m/e 
243; the true parent ion (m/e 278) could be detected 
with chemiionization techniques.4 These data and the 
elemental analysis (C6H&202C14) suggested the sar- 
cosine anhydride structure 6 for this product. 

The route to 6 starts with loss of trifluoroacetyl 
chIoride from 3 to give t'he imidoyl chloride 4, which, 
being a reactive bifunctional species, could dimerize via 
5 (Scheme I). The addition of acyl halides to imines 
has  precedent^.^ To prove that the distillate (3) still 
had an intact N-trifluoroacetyl linkage, a sample was 
refluxed with octadecylamine (10) in benzene. N-Tri- 
fluoroacet'yloctadecylamine (1 1) was isolated in 62% 
yield, identical in all respects with a sample prepared 
from 10 and trifluoroacetic anhydride. Low tempera- 
ture trapping experiments designed to demonstrate the 
presence of trifluoroacetyl chloride in decomposing 
samples of 3 have so far been unsuccessful. 

The diketopiperazine 6 possessed appreciable reac- 
tivity, as might be expected.6 The addition of 1 equiv 
of triethylamine to a slurry of 6 in methanol initiated a 
rapid exothermic reaction to produce a 1 : 3 mixture of 
the solubIe mono- and diketals 7 and 8,  which were 
separated by fractional crystallization. The mono- 

(2) E. Schwenk and D. Papa, J .  Amer. Chem. Soc.,  70,  3626 (1948). 
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and K. Hartke,  i b i d . ,  96, 600 (1963). 


