
Experimental procedure: 2 :  30% H 2 0 2  (11.3 g, I00 mmol) was added 
with stirring to ethyl pyruvate (17.3 g, 150 mmol) at  - 10 to 0°C [3]. This 
solution was then added with stirring and cooling ( -5  to  0°C) to a mix- 
ture of I (10 mmol), conc. H S O J  (3 g), H 2 0  (8g), F e S 0 4 . 7 H 2 0  (28 g, 
100mmol), and CH?CIZ (150mL). After 15 min of further stirring, the 
resulting mixture was poured into ice water, the phases were separated, 
and the aqueous phase was exhaustively extracted with CH2C12. After 
drying over anhydrous Na2S0,, the solvent and excess ethyl pyruvate 
were removed in vacuo. The spontaneously crystallizing, colorless nee- 
dles were recrystallized from diethyl ether: Yield: 1.4g (81Yo) 2 ;  
mp=X%93"; correct C,H,N analyses. IR (KBr): 1715 (v(.="), 2250 c m - '  
(vCsN): MS: m/z 176 (2%, M + ) ,  104 (100%): 'H-NMR (CDCI,, 90 
MHz): 6=9.00 (d, 1 H, J = 5  Hz, H-6), 8.39 (d, 1 H, J = 2  Hz, H-3), 7.75 
(dd, I H,  J = 5  Hz, 2 Hz, H-S), 4.53 (4, 2 H ,  J = 7  Hz, CHI), 1.48 (t. 3 H ,  
J = 7  Hz, CHI). 
8-10. 12: 30% HIOI (3.4 g, 30 mmol) was added with stirring to ethyl 
pyruvate (5.2 g, 45 mmol) at - 10 to 0°C (31. This solution was then ad- 
ded with stirring and cooling ( - 5  to 0°C) to a mixture of 7 or  I 1  (10 
mmol). conc. H?SO, ( 3  g), H20 (8 g), FeS04.7 H 2 0  (8.3 g, 30 mmol), and 
CHZC12 (30 mL).-8-10: After a work-up similar to that for 2, the resi- 
due is separated by medium pressure chromatography (LobaP size B, 
LiChroprepm Si60, Merck; dichloromethane/ethyI acetate 5 : I). Frac- 
tion I :  394 mg 10 [ I l l  (22%); fraction 11: 580 mg 9 [ lo]  (33%); fraction 
111: 366 mg 8 [9] (21%).-1Z: After washing the spontaneously crystalliz- 
ing, pale yellow needles with diisopropyl ether, 1.2 g (80%) of the prod- 
uct is obtained, whose spectroscopic data are identical with those of au- 
thentic material [12]. 
8 :  Structure determination on the basis of the 'H-NMR spectrum 
[CDCI,. 90 MHz: 6=9.10-8.90 (m, 1 H, H-6). 8.38-8.18 (m, 1 H, H-4), 
7 .83~7.60(m,1H,H-5) ,4 .58(q ,2H,J=7Hz,CH2) ,1 .49( t ,3H,J=7Hz,  
CH,)] as well as the hydrolysis in 2~ Na2C03 solution to 3-cyano-2-pyr- 
idinecarhoxylic acid 1131. 
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H. Watanabe, Y. Kikugawa, S. Yamada, Chem. Pharm. Bull. 21 (1973) 
465. 
H. Shindo, Chem. Pharm. Bull 8 (1960) 33. 
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Proton Exchange between Arenium Ions and Arenes 
in the Gas Phase** 
By Diefmar Kuck,* Steen Ingemann, Leo J .  de Koning, 
Hans-Friedrich Grutzmacher. and Nico M. M .  Nibbering 

Proton transfer reactions are known to be extremely fast 
in general."] In the gas phase, they can be studied by mod- 
ern, time-resolved mass spectrometry. Thus, MIKE spec- 
trometry of metastable ionsL2] (time scale lo- '  to s) is 
used for the investigation of intramoleculai hydrogen mi- 
gration reactions, e.g., the proton exchange in protonated 
a,o-diphenylalkanes [Eq. (la)],131 while, for intermolecular 
exchange  reaction^,'^] Fourier transform ion cyclotron re- 
sonance (FT-ICR) spec t r~metry '~]  is becoming increasingly 
important (time scale l o p 3  to l o + '  s). We report here on 
the intermolecular proton exchange [Eq. (lb)] between 
simple arenium ions and arenesl4'I in the cell of a FT-ICR 
mass spectrometer[6' (Ar, Ar'= aryl). 

ArH @-(CH2),, - Ar' e Ar-(CH,),- Ar'H@ 
2 1 n 5 2 0  

ArH? + Ar'H @ ArH + Ar'H? ( lb)  
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Fig. I. a)  t 7 - I C  K mdss spectrum of rl tiiikture of C H I ,  C,,H,, ,  .ind C'<,I l , ,  [7a]; 
b) after ejection of al l  ions except C,,H': (m/z 79) at the time r , = O ;  c) after 
I ,= 190 ms, and d) after f,=6290 ms. 

We generated the benzenium ions C6HY and C,HDz by 
electron-impact ionization of a mixture of benzene, 
[D,]benzene, and methane at lo-' Pa (Fig. la).[7"' All ions 
except C6@ (m/z 79) were then removed from the ICR 
cell by "notch ejection"[x1 (Fig. Ib); subsequently, the ion- 
molecule reactions of the benzenium ions isolated in this 
way with the C6H6/ChD6 mixture were followed as a func- 
tion of time (fr). Figures Ic and Id show all ions present in 
the cell at t ,=  190 and 6290 ms, respectively; Figure 2 dis- 
plays the dependence of the relative abundance of the 
product ions c,(H,D)': on t,. 
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Fig. 2. Relative abundances of the product tons in the system C , , H 7 )  C ,,H,, 
C,D, as a function of the reaction time f, given relative to the sum of all 
product ions and corrected for naturally occurring "C. 

The measurements allow two conclusions to be drawn: 
1. The proton exchange between benzenium ions and 

benzene is a surprisingly slow process (cf., for example, the 
system D,0e/C&[4"1). For short reaction times 1, (under 
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"single collision conditions"), no isotopomers other than 
C,HD: (simple He transfer), C6H6D@ (simple H@/D@ ex- 
change), and C6H2D?[" are formed. The light and the 
heavy benzenium ions also predominate under "multiple 
collision" conditions (t,k 300 ms). 

2. The proton exchange occurs not only by consecutive 
ion-molecule reactions, but also within the collision com- 
plexes (e.g., [C&. C6D,]*). This follows from extrapola- 
tion of the relative abundances of the product ions to 
t , = O :  The exchange products C6H6D@ (m/z  80) and 
C,H2D: ( m / z  84) are already present there (Fig. 2). 

Similar results are obtained from the corresponding in- 
vestigation of the reaction of isolated C6H@ ions with the 

A further experiment allows a clear distinction to be 
made between these two exchange processes (Scheme 1). If 
the ions C,HD: (m/z 85) are continuously removed from 
the cell for the entire reaction the formation of all 
further C,(H,D)y ions is suppressed to the extent that they 
are formed via C6H@ (Scheme la). In contrast, C6(H,D)y 
ions that arise via H@/D@' exchange within the collision 
complexes [C6HY. C6D6]* are not suppressed (Scheme 1 b). 
In Table 1 the relative abundances of the ions present in 
the cell after t,=790 ms-with and without continuous re- 
moval of the ions m / z  85-are compared. 

C ~ H ~ / C C D ~  mixture. 

a)  

m / z  79 

0 
c6HD6 

rn/z 85 

Q + c606 J ''6D6 

- CGHD, 
C6HD6 

m/z  85 - C6D6 

b )  
+ c6D6 0 

c6H7@ [ C6H7 *C6D6] 18 

rn/z 79 

Scheme 1 

C,H,D @ 

m/z 80 

C6D7@ 

m/z  86 

Table 1. Ion abundances in the system C,H?/C,H,/C,D, after t ,=790 ms 
without (-) and with (+) continuous removal of the ions C,HD% (m/z  85) 
[a]. 

m / z  78 79 80 81 82 83 84 85 86 

( - )  30 I000 49 8.6 7.9 14.3 70 168 15.8 
(+) 30 1000 40 6.4 4.2 10.4 62 0 1.0 

[a] "C-corrected values. The absolute abundance of the ions C,H? ( E 1000) 
was constant in both experiments. In  order to continuously remove the ions 
ChHD2, a radiofrequency pulse with an amplitude of 2.5 V peak-to-peak was 
used. 

albeit in lower absolute abundances. Thus, for example, 
the abundance of the ions C6H6D@ (m/z  80) decreases by 
only a relative 19%; in contrast, the formation of the ions 
C6D7 (m/z  86), which are formed exclusively by consecu- 
tive ion-molecule reactions (Scheme la), is completely sup- 
pressed."'] 

The proton exchange between toluenium ions and tol- 
uene (C7HX/C,D8/CD4)""] is even slower than that be- 
tween the lower homologues. Here, too, the exchange 
takes place partly within the collision complexes (e.g., 
[C7D$.C,H8]*). Thus, a fraction of the C,(H,D)F isoto- 
pomers are still formed despite continuous removal of the 
ions C7HBD@. A possible reason is that the proton ex- 
change in the collision complex [C7Ht. C7H8]* only occurs 
between positions having the same proton affinity (primar- 
ily paruepara ' ) ,  which must lead to a considerable slow- 
ing of the reaction compared with the exchange in the col- 
lision complex [C6H7. C&,]*. 

In fact, no proton exchange is observed for non-degen- 
erate proton-transfer reactions, such as in the system ben- 
zene/toluene/methane.l7"I Accordingly, solely proton 
transfer is observed at  all t ,  in the exothermic direction of 
the reaction [Eq. (2a)], and no other toluene isotopomers 
are formed in the endothermic direction of the reaction 
[Eq. (2b)].1"1 

0 
Ar  H, + Ar'H A r  H+ Ar'H? 

\ I 
0 \ I  [ A r  H2 .A r 'H ]  '.-.I 

[ A r  H * A r '  H:] 

Fig. 3. Energy profiles for the I 1  ir ' inder bcttGeeii .treniuiii ton\ and arenes 
(enthalpy values [ I l ,  13) in kJ/mol- ' ) .  (-): thermoneutral Ha transfer, 
Ar=Ar'=C6Hj or  C6H,CH,; (---): non-thermoneutral He transfer, 
Ar = C6Hs, Ar'= C,H,CH,. 

These observations can be explained qualitatively by a 
symmetrical (Ar= Ar') or an asymmetrical (Arf Ar') dou- 
ble-minimum energy profile["] (Fig. 3).'l3] According to our 
results, the activation barrier between the minima 
[ArH:. Ar'H] and [ArH .Ar'Hf] must be relatively high. 
This is especially noteworthy in comparison with the ex- 
tremely fast intramolecular proton exchange in protonated 
a,w-diphenylalkanes and related arenium ions.[31 
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The data confirm that the proton exchange takes place 
within the collision complex: even Upon ejection Of the 

CAS Registry numbers: 
benzenium, 38815-08-6; benzene, 71-43-2; toluenium, 52809-63-9; toluene, 

ions m / z  85, all C,(H,D)': isotopomers are formed, 108-88-3. 
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Reaction of Ethylene Oxide with Sulfur Dioxide 
in the Presence of Cesium Ions: Synthesis of 
1 ,3,6,9,2~4-Tetraoxathia-2-cycloundecanone 
By Herbert W .  Roesky* and Hans Georg Schmidt 

Cyclic homologues of ethylene oxide have attracted 
great interest because of their unusual complexation prop- 
erties in the presence of alkali metal ions and other cat- 
ions."] Their properties can be changed by incorporation 

[*] Prof. Dr. H. W. Roesky, H. C. Schmidt 
lnstitut f u r  Anorganische Chemie der Universitat 
Tammannstrasse 4, D-3400 Gottingen (FRG) 

of further heteroatoms. Reactions of ethylene oxide and 
sulfur dioxide in the presence of catalysts have been well 
documented.[*' Ethylene sulfite is formed. We have now 
found that the reaction of ethylene oxide, sulfur dioxide, 

and cesium salts[31 at  room temperature leads to higher 
membered ring compounds, of which the title compound 1 
has been isolated in 20% yield as a white solid.[41 

In the field ion mass spectrum, M +  of 1 (m/z 196) is ob- 
served as sole peak. 1 polymerizes on storage at room tem- 
perature for several weeks in a sealed flask. Poor quality 
single crystals were obtained from ethylene oxide and ex- 
amined X-ray crystallographically.[" 

0 0 

Fig. I .  C'rybtal structure of 1 

The structure contains two independent conformation- 
ally isomeric molecules of 1 (Fig. I). A final refinement 
was not possible owing to disorder and/or thermal mo- 
tions.['] 
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