
Heterocyclic Mesoionic S tt'uctures, a Novel Class of 
Monoamine Oxidase Inhibitors. I. irylsycliioiies. 

'Ylie -ydiione+ 1, ;t class of heterocj clic coiiipouiid> 
1 io+\ebbiiig unique aromatic character, have beeii the 
+ub,ject of considerable chemicalZaand pharmacological21i 
\tiid!. This report is an  account of the structure-nc- 
t ivit! re1:itionships for inhibition of the enzyme, mono- 
:mme oxidnse (AIAO), in :I +Cries of S-:~lliyl- a ~ i d  

l - -Al r j  lsydiioiies and precursor S-iiitrosoaniiiio acid5 
I\ ci e preljared using established procedures. trifluoro- 
:tcc.tic anhydride (T1.'&4) in diethyl ether or tetrahydro- 
fuiai i  h n g  the cyclizatioii ;gent of choice. 3-Car- 
h~ethy15ydnories n ere p r e p ~ r e d ~  from the approl)riate 
:miiio acidi. However, S-( 2-carboxj ethyl)-S-nitroso- 
i)I,-iboleuciiie :md S - ( l ' - c ~ r b o ~ y e t h y l ) - S - i i i t ~ o s o - ~ , ~ -  
~)licr~ylglyciiic n ere atyijical, ~ x l d i n g  iiot the expcicttd 
bydiiotic\, but t h c  :irihj dride, IIa,l). l'urtherniorc, '11 
1)H i ,  IIa h j  drolyzed to 19, n hereah I Ib  buff  ered ring 
PIC,  tvage 

S-:Lrj-1\ydllolleh. 

L J 2  
I: R, = alkyl or JIa: R'= C6H5 

aryl b: R'= CHzCH(CH& 

&COR 

- - I I C  

l'lic divergent hydrolytic paths talmi by IIn arid I I h  
could reflect the relative stability of the derived syd- 
iioiic acids. Alternatively, intramolecular carboxyl 
group -sydnone ring interaction could give the iiiter- 
iiiediatc IIc which in effect provides assistance to 
iiucleo1)hilic :ttt:Lck. :tnd whose stability arid mode of 
c.lc:tvage are clearly :I function of 11'; relative to alkyl, 
:I ~)lieiiyl group should favor retention of the inesoioriic 
>ystcin. The formatioil of IIc (which resembles the in- 
t cmiedi:tte involccd to explain carboxyl group activa- 
tion by irnid:t~oles)~ would proceed by a st'erically a i d  

1 1 )  T u  n l i r ~ n i  reprint  reiliie. 
( 2 )  (a )  1:. I T .  C .  S t e n w t .  C 

in;  (b) I,. 15. Kier ancl E. 13. Roche .  .I. Phorm. S c i , ,  66, 149 i l S G i ) ,  andref-  
P r m c e n  tiierein. 

\ .  det/lliJl'Il. 31111 (;, ~ 0 1 ~ V 3 1 1  

I.. M c I i i r ~ n e s .  IC. .\. S ~ ~ t / i ~ o r n ,  

energetic:illy feniible l)rocess, :t coiiteiitioii sulq)ortcvl 
1)) the iiucleophilic charucter of ly-!?, by mo calculatioii-, 
:tiid by 1,3 :idditioii of carbonyl compounds to s j  diioiic.; 
acid-catalyzed hydrolysi\ of sydnones h i ~ s  been 1)ic- 
tiired to iiivolve ~)rototi~itioii ;Lt ?;-2.2 

4-(':u%oxJ ~-~ict l i~- l~ydi iones 11 ere 1)rep:ired by cyvli- 
z i t  ioii of S-riitrosonipurtic acids. In our hmdq, thc~  
interniedi,itc ;mhydridc :11\v:tyb contained 111) to 10% of 
i~.diioiie.~ It is felt, therefor(.. that 1)ostulation ot 
iieighhoriiig-groul, iiitcractioii ill iydnone forniatioii 

of the ~~rihydride is uiimxessitry.6 .\ 
ntion of the observation i+ that of t \I o 

cmil)etiti\.cl dehydration route\: the  one leading to 
a i i h j  dride formatioil i\ favored. but iti :I subsequc~~t 
+low reaction the  t hermodyiiarnically itnblt 
fornicd. ~'oni~i:irisoii of iioiibonded inteructioii+ i i i  

1)reidiiig model5 of S - r i i t  ro~o-S-heiizylasI,3rtic :~c.itl 
doe- i i o t  allou :I clioiccl to  bc n i d e  between coiihgur:i- 
t io i l+  I I h  , t i i d  IIIb 15 hich :LIT i i i  equilibriuin due t o  
iiitrogeii iiiv(br4oii. T l i ~  foriiiclr i, c:~pable of s J d i i o i i c b  

ti)riii;itiijii, i f  I hc  a-iiiixcd aiihydridr is first foriii(d. 

I. RCOOHI I rRCOOH1 

DIa me mc 
Ho~vever,  $-w14~oxyl mixed aiiliyclride forrxttioii slioultl 

ric reitso~is,~ and hydrogen boiidiiig 
oxygeii and the a-carboxyl groups 

(IIIc) should erihaiice $-mixed anhydride forniatioii 
(IIIc ---f IIId) (ill addition to favoring IIIa). The rivt  

result would he formation of the cyclic anhydride IIIc. 
Similar interactions in 1111) require a seven-membcretl 
hydrogen-boiid riiig. 

Although IIIe is c.oiii'oriiiatioiia11y conilmtible wit 1 1  
formation of the intermediate or transition stat'(? IV:i, 
the resulting incre:ise in nonbonded interactions will 
decrease the rate of aydnone format,ion. In coiitrasl , 
six-membered :~nhydrides (11%) possess fewer and less 
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TABLE I 
ARYL- A K D  h K Y L S Y D S O S E S  

1 :y; 
N+7.* 

0 
Absorption 

Infrared Ultraviolet 

""3: 
Yield, (Car- w h1.10 inhib 

.inaiyses In vitroe In vivo' s o .  11 L 11 1 C '  /o Mp, OCa bonyl) p (e X 103) Formula 
1 C6H5 CHzCOOH 57 156-156.5 (.i) 5.80 312 (6.98) CloHsNnOi C, H, ?i 0 0  
2 4-HOCsHd H 50 247-248 (U) 5 . 7 3  295 (7.40) C3H6N203 c, 11, ?; 1 0  
3 4-CHaCsHa H 74 144.5-146 ( C ) b  5.70 310 (5.84) CsHsKzOz C, H ,  N 1 1  

1 1  4 2,4-(CHa)zCsHa H 68 92.5-94 (D) 5.69 298 (6.99) CioHiaNzOz C, H ,  N 
5 2,4-(CHaO)&-CICsH2 H 55 185.5-186 ( C )  5.87  305 (9.54) CioHgCINzOa C, H ,  N ,  C1 2 2 
6 2,4-(cHao)&-C1CsH? CH3 50 173-173.5 (C) 5.80 302 (10.8) CIIHIICIKZO~ C, H. N ,  CI 1 2 
7 2,4-(CHd3)2-5-CICsHz n-CaHg 17 112.5-114 (E) 5.70 CiiHi7CISz04 C, H ,  X, C1 0 
8 2,4-(CHaO)z-5-ClCsH2 C1 84 161.5-162 (D) 5.65 310 (9.36) CioHsCIzN20a C, H, N, C1 
9 2,5-(CHaO)l-4-CICaHz H i 1  151-151.5 (F) 5.82 309 (9.43) CmHpCIPj20p C, H ,  N ,  C1 2 2 

10 2,5-(CHaO)z-4-ClCsH2 CH3 52 193.5-194.5 (F) 5.75 307 (13.2) CliH~lClNzOa C, H ,  N ,  C1 0 0 
11 2,5-(CHa0)~4-CICsHz CsHs 18 230-230.5 (C)  5.70 326 (11.5) ClsH~sClNzOa C, H ,  N, C1 0 0 
12 CHI 3-CH30CsHd 42 124-125 (D) 5.66 316 (10.5) CioHmNz03 C,  H ,  S 
13 NCCHzCHz CaHa 66 110-111 (G)  5.85 316 (11.1) CiiHeNaOz C, H, N 0 0  
14 HOOCCHzCHz CsH6 92 141.5-142 (B) 5 . 7 5  313 (10.1) CiiHioKnOa C,  H, N 
15 KCCHzCHz CHs 52 65-66 (B) 5.81  300 (7.20) C6H7Kao? C,  H ,  N 0 

18 COOHCHz H 70 130-131 (A)c 5.80 293 (9.38) CaHaNnOi C. H ,  N 0 

16 KCCHzCHz CH?CH(CHa)% 63 74.5-75 (H)  5.80  CsHi3N30z C,  H, N 
17 X C C H ~ C H Z  C H Z C ~ H K  50 71.5-72 (I) 5.89 305 (8.70) CnHi1N302 C. H ,  S 

19 CsHsCHz CHzCOOH 43 131-132 (B)d 5.80 304 (7.32) C1iHioN?Oa C, H, N 
20 -CH(COOH)(CHz)s- 82 170 (deo) (J) 5.79 299 ( 5 . 4 7 )  C1HsNz04 C,  H,  Pi 
a Ilecrystallization solvents: 

0 0  

(A)  EtO.4c, (B)  ;\Ie2C0, (C) CH2C12-Et20, ( U )  CH,CL-i-Pr?O, ( E )  i-Pr20, (F) EtOH, ( G )  MelCO- 
CsH6, (H) EtOA4c-Etz0, (I) CsHs-Et20, (J) CH,C12. b Lit.2amp 142-144". Lit.2amp 132.3-133.3. Lit.6mp 143". eRelativepoteiicy 
of inhibitor a t  17 pg/ml: 0, no inhibition; 1, partial inhibition; 2, total inhibition. /Relative potency of inhibitor a t  oral dose of 100 
mg/kg: 0, no inhibition; 1, partial inhibit,ion; 2, total inhibition. 

b 

serious eclipsed interactions than does the essentially 
planar I I Ia ,  and sydnone formation is favored. In  
acetic anhydride, all nitrosoamino acids that can give 
six- or seven-membered cyclic anhydrides capable of 
forming the bicyclic intermediate IVb, yield exclusively 
the sydnone ; those forming a fused-ring intermediate 
(IVa or IVc) yield the X-nitrosoamino acid anhydride 
as the major product. 

I:ormation and collapse of IVa, b, or c to sydnone 
should be acid catalyzed,8 explaining the relative eff ec- 
tiveness of TFA and acetic anhydride as sydnone- 
forming agents. I n  refluxing benzene containing oiie 
drop of trifluoroacetic acid, the amount of sydnone 1 
in S-nitroso-n'-phenyl-m-aspartic anhydride increased 
from 1-2 to  25% (isolated), but was unchanged in the 
absence of acid (precluding a thermal interconversion 
of anhydride and sydnone). Finallj , I I Ie  (R = phenyl 
or benzyl) gave 1 and 19 in good yield in TFX-benzene 
a t  50" for 2 hr. Procedures utilizing trifluoroacetic 
acid and TFA may be equivalent, assuming the presence 
of traces of moisture. Alternatively, the conversion 
may involve concerted activation (Va) of the cyclic 
anhydride by interaction with TFA to give sydrione via 
the intermediate Vb, or simply stabilization of IVa. 

Inhibition of Monoamine Oxidase (MAO) Activity 
(Table I). I n  Vitro.-Guinert pig liver homogetiates 

4 products 

?& 
- 
Va 

were prepared as described by Weissbach, et ~ l . , ~  
-1IAO activity, using kynuramine as substrate, being 
determined spectrophotometrically. lleasurements of 
optical density at 360 nik were made immediately after 
adding substrate, and subsequently a t  2-min intervals 
for a total period of 10 min. Reaction rate was then 
determined by plotting optical density against time. 

I n  Vivo.--l\Iale albino rats, 150-200 g, were dosed 
orally (1-100 mg of inhibitor/kg). After 2 hr the 
animals were stunned, and the livers were quickly 
removed, weighed, and homogenized in 5 vol of cold 
water. The homogenate was strained through cheese- 
cloth and refrigerated until assayed. -1L4O activity 
was determined as in the preceding section. 

Results and Discussion 
S-Xrylsydnones do not conform to any structural 

types previously found to be active inhibitors of NAO.  
I n  general, structural requirements for JIAO inhibitors 
have been a flat T system (aromatic ring) and an amine 
head, both moieties being spatially related in a fashion 
similar to either the natural enzyme substrates (DOPA, 
epinephrine, norepinephrine, tyramine, etc., VIa), or to 

(8) (a) \I-. G. 1,'innegan and  R.  .\. Ilenrg,  J .  Ory. Ciiem. 30 ,  576 (10631; (9) H. TVeisshach, T. E. Smith, J. \\-. Daly, E.  JVitkop, and S. 
(b) T. Yverrnault, Compt. Xerid . ,  236, 177 (1952). Udenfriend, J .  B id .  Chem., 236, 1160 (1960). 
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the proposed imine intermediate (or tra~i-itio~l -t:it(’ 
VIb) formed oil oxidtition of the :iiniiic 

Enzyme inhibitors are clmsicnlly divided iiito tu o 
type.. Soncompetitive inhibit or\ comhine i r r eve rh l j  
with the enzyme, destroJ ing it. ahilitj to  act upoit 
suitable substrate. Duration of action i. dependeiit, 
not or1 the biological half-life of the inhibitor. hut rather 
on the time of re*j nthesiy of :Idditioiial enzyme. 
HJ drazine derivative+ are esc~ellcrit c~uniple. of t hi. 
class. I t  ha. been shonii that the inhibitioii of .\IhO 
produced bJ iproniazid per4.t\ for m:~ii? da! - after thc 
drug has disapl)eiired from the Iiodj.. The duration 
of :trtion of :I competitive inhibitor \\ill be limited by it. 
biological half-life, in that the Litter \ r i l l  determinc thc 
1)eriod over which effective conceiitrlLtioii. of inhibitor, 
c : i j ~ b l e  of competing n ith iiatui:~l w h t r a t e ,  nil1 bo 
present :it the active site. .\IAIO inhihitioil of thi \  
nature has; beeii described for tiar~iialinc.~? It 15 coil- 
ceivahle, of courbe, that a coml)etitive inhibitor, IT i th :I 
high binding affinity for ai1 e n ~ y m e  for which it i. not :I 
substrate, might approach a duration of actlor1 bimilar 
to that of x noncompetitive inhibitoi,. Such i5 believed 
to be the case for tran?-lcSproriiiri~,, l 9  which appears to 
have a duration of action interrnediutc between that 
of the noncompetitirr hydrazinc. derivatives :lid thc. 
com1)etitive harriiala alkaloid.. I ?  I 4  Although tr:ui) 1- 
~1 promine is difficult to removc h \  dial? hi’ from A\IAIO,l l  
characteristic of noncompetitive reaction, i t h  inhibition 
can be reversed readily by home competitive sub- 
strates. I h  

K-ArylsJ dnoiies (Table I) :ire moderate inhihitors of 
A\IAO both in i z i v  arid i/r Litre. 1IAO inhibition I- 

I~cculiar to this clasb, since S-all,! Isydiioiic5 tlnd the iw- 
mcric 4-arylsydiiones mere inactive both i i !  1 ~ t m  :iricl 
111  I I /  o. The modest level of iriliibitory activitj , coupled 
nith :I less bensitive assay, could explain the failure of 
wriier wor1m-y to shon the inhibitor\ activity of S- 

il0)  11 I < e i l r n ~ ~  aiid I 1 I n t a n  l t , i  \ 1 1 i d  

I 1  1 )  . flcsk 11 \\ elr*bacll I 1  cr I(rdht.l I 

(12)  S Udenfrlend, 8 \Tltkop 13 Cr Redheld and  I I  I\ eis,bacll 

(1’3) C I Zirkle C Kaiser D €1 1 eile-rlri I< I Tedwrhl d n d  \ 

(11) R Tedesclu 11 H Tedeqctii I ( ( i o h  I’ \ \ I i l i t l i  .Lud 1 1 

( 1  i) 5 +arhar R I lane i~re  \I h I w  n r i i l  k 1 Zrllcr I l f l i  ( ’ / i n ,  

( 1 0 1  1 \ %r*lierarid \ .drhdi I Uicd C h r n  237 1Ji3 ll!)O21 

i ’ h r i r m a ~ o l  A x p t l  T h e r a p ,  124, 160 (195SJ 

RzoLhem Phirrmarol , 1 ,  160 (1958) 

I1urerr J J f e d .  Pharm Chem 5 ,  1265 I19GL) 

I d l o 1 \ 4  i’rd i’ioc. 18 & > I  ( l O i 0 )  

43, 119 ( 1  ‘JbOj 

I H 2 0  ‘ 
/ 

c 
M A 0  + A C O N A r N H 2  

A r ~ N z O  
M A D  + R C H C O O H  

A 
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activity. The single exception to this generalization is 
6, an active inhibitor both in vitro and in vivo. The 
noncompetitive mechanism (outlined in Scheme I, 
route A ) ,  requires that the inhibitor be sterically 
compatible with the enzyme group Z. It is possible 
that, despite a sterically induced lower binding affinity 
of 6 for the enzyme, once an intermediate of type YII  
is formed it has (due to steric factors) an appreciable 
half-life. Such steric considerations cannot operate in 
the alternative (competitive, with high binding affinity) 
mechanisms, arid the activity displayed by 6 is con- 
sidered further support for the conclusion that the 
S-arylsydnonei are noncompetitive inhibitors of AIAO. 

The limited aqueous solubility of S-arylsydnones 
prevented a classical investigat'on of the kinetics of 
their interactions with NAO.  Since, in general, com- 
petitive enzyme inhibitors only display in vivo ac- 
tivity if they possess an extended biological half-life, 
the experimental observation that those sydnones 
active as inhibitors in zdro retain activity in vivo 
would indicate that the inhibition is of the non- 
competitive type. l9 The single exception to this 
correlation between Z'TI Pitro and in viuo activity is 
.3-(phydroxyphenyl)sydrione (2). Since phenols are 
knon.~i to be subject to rapid conjugation and ex- 
cretion,20 it is possible that the lack of i7Z vivo activity is 
due to a short biological half-life and hence low con- 
centration at  the site of action. 

Experimental Sectionz1 

Iiiterniediates were prepared using standard technology and 
were generallj- characterized spectroscopically, purity being 

essed by paper or thin layer chromatographic techniques. 
t h  the exceptio11 of the sydnones derived from nitrosoaspartic 

acids, the conversion of nitrosoamino acids to  the sydnones was 
smoothly accomplished nsing trifluoroacetic anhydride in T H F  
or EbO. 

N-p-Cyanoethylamino Acids and N-p-Carboxyethylamino 
Acids (prepared by the method of lIcKinney, et  al.3).-The pre- 
vioiidy iinreported S-( P-cyatioethyl)-DL-pheriylglycine was pre- 
pared from DL-a-aminophenylacetic acid (88Yc yield), mp 232.5' 
dec (EtOH-H,O). dnul. (C11H1,St02) C, H, N .  Hydrolysis 
afforded N-( 2-carboxyethyl)-oL-phenylglycine (40%), mp 235- 
2.56" dec. 

N-Nitrosoamino acids were prepared by the reported proce- 
ditrel from N-arylamino acids, or by hydrolysis (methanolic 10 
S XaOH at 50") of the S-nitrosoamino acid ethyl esters which 
were obtained by nitrosation of the amino acid ester. The latter 
roiite is the method of choice for N-p-tolyl-, N-(2,4-xylyl)-, and 
iY-(.i-c.hloro-2,4-dimethox~phenyl)-N-nitrosoglycine. An excep- 
t ion t o  the general procedure, N-nitroso-S-(d-chloro-2,4-di- 

exanoic acid was prepared (96% 
C1 to a solution of the amino acid 

la te  (98 g, 0.32 mole, mp 146- 

( l Y )  This is supported by observations in the  related 1,2,3-thiadiazoliiim 
peries. I3y analysis of enzyme kinetics i t  was shown tha t  only analogs ex- 
Iiibitint. noncompetiti\.e interaction in oitio demonstrated 11.40 inhibitory 
actiri t i .  in v i r o  (E. II. TViseman and D. P. Cameron, in preparation). 

(20) K. T. XViIliams, "L)etoxication Aleclianisms," John [Viley and Sons. 
Inc., P;ew York, ?u-. Y., 195Q. 

(21) Melting points are uncorrected and vere determined using a Thomas- 
Hoover capillary melting point apparatus. I r  spectra mere measured in KUr  
with a Perkin-Elmer RIodel 21 spectrometer and  uv spectra were measured 
in MeOH v i t h  a Cary spectrophotometer using a 2-cm cell. -4nalyses were 
carried out  by  the  Physical Neasurements Laboratory of Clias. Pfizer & 
Co.,  Inc. TVhere ana!yses are indicated by the  symbols of the  elements, 
the  analytical resrilts for  those elements were within 0.4% of the theoretical 
values. 

( 2 2 )  R. .\nscliutz and Q. \Virtz, A n n . ,  2S9, 161 (1887). 

(300 ml) and a solution of NaN02 ( 2 i . i  g, 0.4 mole) in H20 
(60 ml) was added over 3 hr at  0". The reaction mixture was 
degassed in uacuo at  2 5 O ,  cooled, and filtered. The residue (82 g) 
was thoroughly washed (Ht0) and was recrystallized (EttO- 
pentane) t o  yield 58 g (74%) of product: mp 129-130' dec; 
A,,, 263 mp ( e  3610); A,,, 5.81, 6.99 p. -4nal. (CloHloS&) 
C, H, N. 
N-Nitrosopiperidine-2,6-dicarboxylic acid, mp 156-1Si' (from 

EttO), was prepared similarly in S i 5  yield. Anal. (CiH:o320;) 
C, H, N. 

3 4  2-Carboxyethyl)-4-phenylsydnone (14).-K-( 2-Carboxyeth- 
yl)-N-nitroso-oL-phenylglycine (0.25 mole) in Et20 (500 ml) was 
treated with trifluoroacetic anhydride (125 ml). Bfter 48 hr, 
filtration gave 3-(2-carboxyethyl)-4-phenylsydnone anhydride 
(37 g): mp 110-112" (lle2CO-Et20); X,,,, 5.46, 5.66, 5.80 M :  
A,,, 313, 242 m r  ( e  9900, 7200). Anal. (Ct2Hl&,O,) C, H:  iY: 
calcd, 12.4; found, 11.9. The anhydride (5.6 g) was hydrolyzed 
at  23" for 1 hr to yield 14 (5.0 g). 

3-(2-Carboxyethyl)-4-(isobutyl)sydnone Anhydride.-S-(P- 
Carboxyethyl)-S-nitroso-DL-isoleucine (0.19 mole), treated as 
above, gave the anhydride (11 g): mp 112-114' (l'\le&O- 
E t20) ;  A,,, 5.52, 5.72, 5.85 M ;  X,,, 300 mp ( e  6900). Anal. 
( C l ~ H t 6 K ~ O ~ )  C, H, S. On hydrolysis, the anhydride (4.0 g) 
gave an unidentified compound (2.5 g), mp 88-88.5" dec, A,,, 
j.72, 5.90 p, which decomposed on attempted recrystallization. 

4-Chloro-3-(5-chloro-2,4-dimethoxyphenyl)sydnone (8).-A 
stirred suspension of 5 (5.12 g, 0.02 mole) and N-chlorosuccini- 
mide (3.1 g, 0.023 mole) in CCl, (400 ml) was heated under reflux 
for 48 hr, when paper chromatographic assay indicated the ab- 
sence of 5.  On cooling, 8 (6.6 g)  separated from the reaction 
mixture. 

Cyclization of N-Nitrosoaspartic Acids.-In the following ex- 
periments, using either N-phenyl- or S-benzyl-K-nitrosoaspartic 
acid, assay of the various fractions was achieved by t,wo methods: 
uv spectra (CH2C12), using the sydnone absorbance a t  305 mp 
( e  i 5 iO)  (20) and 312 mp ( e  6980) (1); and tlc on silica gel GF, 
using two developing systems, 1, CHC13-EtOA4c-HC02H 
(5:4:1), and 2, EtOAc-AcOH (2O: l ) .  

General Procedure and Effect of H,O on Yield.-The N-nitro- 
soamino acid (0.003 mole) in dry C6H6 (5.0 ml) and trifluoro- 
acetic anhydride (2.5 ml) was heated under reflux for 12 hr. The 
reaction mixture was concentrated in oucuo, and the residue was 
shown (tlc) t o  contain both starting material and sydnone. 
Either recrystallization ( E t 2 0 )  or treatment with ice-water af- 
forded pure sydnone. Samples prepared by either method were 
identical spectroscopically and chromatographically and were 
uncontaminated with starting material; a mixture melting point 
of the two samples showed no depression. 

Preparation of the N-Nitrosoaspartic Anhydrides.-S-Sitroso- 
aspartic acid (1.5 g) suspended in Ac2O (4.0 ml) was stirred a t  
2.5' under N,. Sydnone was absent after 16 hr but present (tlc) 
after 96 hr. The reaction mixture was concentrated and re- 
crystallized to yield (from the appropriate >--nitrosoamino 
acid) K-phenyl-N-nitrosoaspartic anhydride (410 mg from 
CHtC1,], mp 115-116' [Anal. (CI0H8S2O4) C, H, 31, or N-benzyl- 
S-nitrosoaspartic anhydride (330 mg from EtOAc), mp 126- 
126.5' ( lk6  mp 136-138") [Anal. (C:lH10St04) C, H, N] .  

Reaction with Trifluoroacetic Anhydride in EtnO at 25".-The 
S-nitrosoamino acid (2.5 g), suspended in Et20 (10 ml) and tri- 
fluoroacetic anhydride (2.4 ml), dissolved in 0.5 hr. After 3 hr, 
concentration in vacuo gave a solid containing equal amounts of 
sydnone and the corresponding anhydride. 

Reaction with Ac20 in Et20 at 32".-The S-nitrosoamino acid 
(0.02 mole) and A c 2 0  (10 g) in E t 2 0  (15 ml) were heated under 
reflux for 3.5 hr. The reaction mixture was &her quenched on 
ice or concentrated in uucuo and gave crude N-nitrosoamino 
acid anhydride containing traces of starting acid and sydnone. 

Conversion of Crude Aspartic Anhydrides to Sydnone.-The 
critde anhydride was heated at 50' for 2 hr in C6H6 containing 
t riflrioroacetic anhydride. Concentration and recrystallization 
gave essentially pure sydnone. 

Effect of H20 on Conversion of Crude Aspartic Anhydrides to 
Sydnone.-The anhydride was boiled with water for 5 min. 
Cooling and extraction yielded mixtures containing the X-nitroso- 
amino acid and anhydride and sydnone. Sydnones were unaf- 
fected by boiling in HzO for 6 min. 

Acid-Catalyzed Conversion of Anhydride to Sydnone.-A solu- 
tion of N-nitroso-N-phenylaspartic anhydride (400 mg) in CsH, 
(10 ml) containing 1 drop of trifluoroacetic acid was heated 




