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Methanesulphonyl azide (2) reacts readily with isolated 
cyclic ketene N,X-acetals of type 1, viz. 10a, d, 15b, d, and 
22a-c, or those that are generated in situ by deprotonation 
of the corresponding 2-alkylbenzazolium tetrafluoroborates, 
i.e. 14a + 15a, 14b + 15b, and 18 -+ 19. Ring-expanded 
products are formed by extrusion of molecular nitrogen from 
intermediate labile (3 + 21 cycloadducts 3 with concomitant 
1,2-shift of N (route A1 + 12, 24) or X (route A2 + 16, 20, 
21). In addition, 3 may undergo [3 + 21 cycloreversion into 

N-sulphonylimine 5 and diazoalkane 6 (route B + 13, 17 ,25) .  
The configurations of the cyclic N-sulphonylamidines 16b 
and 21b, the N-sulphonylimine 24 and the N-sulphonyla- 
mine 27 are elucidated by means of X-ray diffraction analy- 
ses. The ratio of the (useful) ring-expansion reactions vs. the 
unwanted formation of 5 + 6 is hardly influenced by the sol- 
vent employed and temperature of the experiment but stron- 
gly by the nature of the potential migrating atom and the 
substituents at the a-carbon atom. 

2-Alkylidenedihydroindoles 1 (X = CR2) and, in particu- 
lar, heterocyclic ketene NX-acetals 1 (X = NR, 0, S) that 
lack electron-withdrawing groups at the a-carbon atom are 
strong bases and nucleophiles whose reactivity may be esti- 
mated on the basis of the chemical shift of the a-carbon 
a t ~ m [ ~ , ~ ] .  Compounds of type 1 add electrophilic azides, e.g. 
sulphonyl azides, to yield unstable spirocyclic [3 + 21 cyclo- 
adducts 3, either in a concerted reaction or in two steps 
via isolable zwi t te r ion~[~~~] .  The [3 + 21 cycloadducts 3 may 
undergo [3 + 21 cycloreversion into N-sulphonylimines 5 
and diazo compounds 6 (route B) or extrude molecular ni- 
trogen with concomitant l ,2-shift to afford ring-expanded 
products 7 or 8 (routes A)[6371. The latter reactions open an 
expeditious access to heterocyclic systems that are otherwise 
less readily available. The present study was undertaken 
with the intent of (i) uncovering the structural features and 
reaction conditions that favour ring expansion, (ii) delineat- 
ing the scope and limitations of the ring-expansion reac- 
tions, and (iii) deriving a rationalisation of the mechanistic 
dichotomy from an enlarged body of experimental obser- 
vations. 

Except 2-ethylidenedihydrobenzimidazole lob, all other 
isolated heterocyclic ketene NX-acetals employed in this 
study, viz. 10a[2.8], dL2], 15br91, d[*], and the 2-alkylidenedihy- 
droindoles 22a[l0l, b["], and d[12], have already been de- 
scribed. We prepared the ketene NX-acetals by depro- 
tonation of the corresponding N-methylbenzazolium tetra- 
fluoroborates with sodium hydride, employing the tech- 
nique reported in one of the foregoing paped2]. Three 

types of experiments were performed. First, the heterocyclic 
ketene NX-acetals 10a, b, 15b and the 2-alkylidenedihydro- 
indole 22b, which exists as a 10:l mixture of the E and Z 
diastereomer" 'I, were allowed to react with methanesul- 
phony1 azide (2) in toluene solution at 0-25°C. The course 
of these preparative experiments was monitored by HPLC, 
and the products were separated by crystallisation and 
chromatography. Their structures are based on analytical 
and spectroscopic evidence, in particula proton (Table 3) 
and carbon-13 spectra (Table 4). For several products, the 
configuration was determined with the help of X-ray dif- 
fraction analyses (Table 6). 

In the second set of experiments, the methylenedihydro- 
benzimidazole 10a, the ethylidenedihydrobenzothiazole 15b 
and the methylene compounds that are notorious for their 
instability (15a[I3] and 19[14]), were generated in situ by de- 
protonation of the corresponding tetrafluoroborates and 
trapped with methanesulphonyl azide. Products, yields and 
some data are listed in Table 1. Finally, the course of the 
reaction of the ketene NX-acetals 10, 15, and alkylidene- 
dihydroindoles 22 with methanesulphonyl azide in various 
deuterated solvents was monitored by proton spectroscopy. 

Results 

The methylenedihydrobenzimidazole 10a reacted with 
methanesulphonyl azide to afford molecular nitrogen and a 
black solid, which was insoluble in ethyl acetate and con- 
sisted of several unknown products as shown by the proton 
spectrum recorded for a solution in [D3]acetonitrile. In 
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sulphony1)amidine moiety of 16b adopts the E configu- 
ration in the solid state. The same configuration was found 

I 8 for the homologous benzothiazine derivative 16dm. Unlike 
the methylenedihydrobenzimidazole 10a, which can be iso- 

N 

I O2 Me 

small-scale experiments carried out in NMR sample tubes, 
small amounts of the N-(methylsu1phonyl)imine 13 could 
be detected in the mixture of products. The same compound 
was isolated in low yield (18%) when 10a was generated 
by deprotonation of the tetrafluoroborate 9a with sodium 
hydride in the presence of methanesulphonyl azide. In ad- 
dition, a similar amount of 1,3-dihydro-l,3-dimethyl-2H- 
benzimidazol-2-one was formed. 

Unlike the isopropylidene compound 10d, which reacted 
with methanesulphonyl azide to yield the unstable zwit- 
terion l l d  (decomposition above -20 OC)L51, the ethylidene 

lated and handied without dificulty[*l, the analogous 
methylenedihydrobenzothiazole 15a[I3] and methylenedihy- 
drobenzoselenazole 19[141 are notorious for their instability 
and readily form d i m e r ~ [ ~ . ' ~ ] .  Therefore, we generated both 
methylene compounds by deprotonation of the correspond- 
ing 2-methylbenzazolium tetrafluoroborates 14a and 18, re- 
spectively, with sodium hydride in the presence of methane- 
sulphonyl azide as trapping reagent. As in the case of the 
other alkylidenedihydrobenzothiazoles 15b and 15c, dL7], 
ring expansion was accompanied by [3 + 21 cycloreversion 
to furnish the N-sulphonylimine 17. 

compound 10b and the neopentylidene compound 1Oc af- 
forded the surprisingly stable zwitterions l i b  and c, respec- Figure 1 .  Perspective drawing of the 3-iminobenzothiazine 16b 

showing the numbering of the atoms 
tively, which precipitated from the reaction mixtures. Heat- 

r. 

ing in boiling acetonitrile was required for the decompo- 
sition of 11 b and c which furnished the ring-expanded 
products 12b and c in moderate yields besides the N- 
(methylsulphony1)imine 13. The zwitterions 11 and their 
thermolysis are described in detail in the following paper[5]. 

While the zwitterions l l b  and c yielded molecular nitro- 
gen only on heating, immediate gas evolution was observed 
already at 0 "C in the reaction of the 2-ethylidenedihydro- 
benzothiazole 15b with methanesulphonyl azide. Only two 
products were formed, viz. predominantly the ring-ex- 
panded imine 16b besides small amounts of 17. As shown 

c7 

c6 

by an X-ray diffraction analysis (Figure l), the N-(methyl- C41 
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A [3 + 21 cycloreversion corresponding to route B in 
Scheme 1 was nut observed in the benzoselenazole series. 
Only the ring expanded 3-(sulphonylimino)benzoselenazine 
20 was obtained in the reaction of the methylenedihydro- 
benzoselenazole 19, generated in situ, and methanesul- 
phony1 azide. 
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The ethylidenedihydroindoles E- and Z-22b showed a 
similar reactivity toward methanesulphonyl azide as the 
ethylidenedihydrobenzothiazole 15b but furnished a com- 
plex mixture of products. The major component was the 
known N-sulfonylimine 25L71 as result of a [3 + 21 cyclore- 
version of the intermediate spirocyclic adduct 23b (see be- 
low). Surprisingly, only 2% of the 2-iminotetrahydroquino- 
line 21 b could be isolated. This N-(methylsu1phonyl)imine 
was the expected second product on the grounds that the 
isopropylidene compound 22c gave exclusively the homo- 
logue 21 c [ ~ ~ ' ~ I .  Like the analogous benzothiazine derivatives 
16b and d, the N-(methylsulphony1)imine 21b exists in the 

E configuration as shown by an X-ray diffraction analysis 
(Figure 2). 

Figure 2. Perspective drawing of the 2-iminotetrahydroquinoline 
21b showing the numbering of the atoms 

C6 

CJ 
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Careful chromatography furnished two further products 
of 22b, viz. an isomer of 21b, which exhibited a C = N  signal 
at very low field in the carbon-13 spectrum (6 = 196.2)[161, 
and small amounts of an N-(methylsulfonyl)arine, whose 
molecular formula corresponded to that of (21b + ethyl- 
ene). On the basis of the combined analytical and spectro- 
scopic evidence (Tables 1, 3, and 4) the 3-iminotetrahydro- 
quinoline structure 24 was assigned to the former, the 3- 
(sulfonylamino)-3-vinyltetrahydroquinoline structure 27 to 
the latter. The configurations of both products were eluci- 
dated by X-ray diffraction analyses (Figures 3 and 4). Ac- 
cordingly, 24 prefers the Z configuration in the solid state, 
and 27 is the like diastereomer with a diaxial arrangement 

Figure 3. Perspective drawing of the 3-iminotetrahydroquinoline 24 
showing the numbering of the atoms 

C42 
c4i n 

c11 

of the N-(methylsulfony1)amino group and the proton 2-H. 
While the formation of both N-(methylsulfony1)imines 

21b and 24 from the 2-ethylidenedihydroindole 22b is read- 
ily interpreted according to Scheme 1, namely by loss of 
molecular nitrogen from a zwitterion of type 4 with con- 
comitant 1,2-shift of CMez (+21b, route A2) or NMe 
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Figure 4. Perspective drawing of the 3-aminotetrahydroquinoline 
27 showing the numbering of the atoms 

031 

C6 

c7 

c11 

A c 2  

(-+24, route Al) ,  the origin of the 3-(sulfonylamino)-3-vi- 
nyltetrahydroquinoline 27 justifies a comment. Obviously, 
27 arises by nucleophilic addition of an ethylene equivalent 
to the highly reactive N-sulfonylimine moiety of 24. Since 
the major pathway in the decomposition of the [3 + 21 
cycloadduct 23b affords N-sulphonylimine 25 and diazo- 
ethane (6b), it is very likely that the latter plays the role 
of the nucleophilic ethylene equivalent. Thus, diastereoface- 
differentiating unlike addition of 6b to 24, that is from the 
tmns direction relative to the methyl group at C-2, produces 
the zwitterion 26. Loss of nitrogen from 26 and a proton 
shift to the anionic sulfonamide moiety eventually yield the 
isolated product 27. 

After the structures of the products had been elucidated, 
a number of small-scale experiments were performed with 
the intent of determining the relative importance of the 
routes of Scheme 1 in solvents of different polarity. Towards 
this end, 2-alkylidene heterocycles of the present (15b, 22b) 
and foregoing study (lOd, 15d, 22a and c)I7] were allowed 
to react with methanesulfonyl azide under different con- 
ditions, and the course of the conversions was monitored 
by proton spectroscopy. The results are listed in Table 2 ,  
which includes previous and those from the ther- 
molysis of the zwitterions l l b  and d51. 

Eventually, we studied the reactions at low temperatures 
with the view of detecting unstable intermediates. Only the 
final products could be observed by proton spectroscopy, 
when 15b and d71, and 22c were allowed to react with meth- 
anesulfonyl azide in the temperature range of -60 to 
-40°C. In contrast, the unstable [3+2] cycloadduct 23b 
arose slowly above -60°C and survived on warming up to 
-20°C. At higher temperatures, it decomposed into the 
products that had been isolated in the preparative experi- 
ment. The same sequence of reactions has been observed in 
the reaction of the Fischer base (22a) with methane sul- 
phony1 azide17]. 
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Discussion 

The product ratios of Table 2 resemble more or less those 
of the preparative experiments (Table 1 and ref.L7]). Differ- 
ences are probably due to losses in the process of separation 
and purification. Inspection of Table 2 reveals little, if any, 
influence of the solvent polarity upon the ratio of ring ex- 
pansion (routes A) and cleavage into N-(methylsulphony1)- 
imine 5 and diazoalkane 6 (route B in Scheme 1). This re- 
sult is not compatible with the hypothesis that the former 
procedes via zwitterion 4 and the latter by a concerted 
mechanism 3 - 5 + 6. Therefore, we favour zwitterion 4 
as common intermediate. Similar zwitterions have been in- 
voked as intermediates in the decomposition of unstable [3 
+ 21 cycloadducts of azides to enamines. These zwitterions 
also either lose molecular nitrogen with simultaneous 1,2- 
shift of a carbon atom or undergo cleavage into an imine 
and a diazo We note in passing that the pos- 
tulated zwitterion 26 results from the reversal of the latter 
process. 

The fate of the zwitterion 4 is determined in a subtle way 
by structural features, viz. the nature of R' and R2 and, in 
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Table 1. Products, yields obtained in preparative experiments (after 
flash chromatography), melting points (after recrystallisation from 
ethanol), and 1R data. Melting points reported in the literature are 

given in brackets 

Cpd. Product(s) Yield m. p. IR [cm-I] (KBr) 
I"/.] [" C] C=N, C=C SO2 

9a 13 18 205-207 1565. 1552 1255 
(206 - 208)[71 

14a 16a 32 173-175 

17 18 
14b 16b 64 

17 15 
15b[al 16b 85 155- 157 

17 8 166-168 

18 20 71 148-150 
(164 - 165 C7l) 

1119 
1590, 1550 1265 
1535 1120 

1550 1270 
1133 

1520 1290 
1118 

1550 1200 

22bPI 2 l b  2 144-145 1550 1285 
1137 

24 13.5 117-119 1635, 1600 1295 
1500 1150 

25 56 150-155 1600 1270 

27 0.5 165-167 1600, 1500 1300 
(151 - 152 r7I) 1120 

La] Single diastereomer, probably Z configuration. - Lb] Mixture of 
the E and Z diastereomer (10: l)[ll].  

particular, that of the potential migrating atom, N or X in 
Scheme 1. Only ring expansion is observed with 2-alkylid- 
enedihydrobenzoxazoles (route Al)['] and with the methyl- 
enedihydrobenzoselenazole 19 (route A2). In the alkylidene- 
dihydrobenzothiazole series 15, the groups R' and R2 
hardly influence the competition of route A2 and route B. 
The 1,2-shift of the (soft) sulphur atom predominates al- 
ways. The contrary is true for the 2-alkylidenedihydroindole 
series 22, where methyl groups at the carbon carbon double 
bond favour ring-expansion. In fact, 22b is the only com- 
pound which gave products of both possible ring-expansion 
reactions (routes A1 and A2 of Scheme 1). 

demonstrate that, with few exceptions, 2-alkylidene N- 
heterocycles, derived from indole, perimidine, imidazole, ox- 
azole, tetrazole, benzothiazole, and benzoselenazole can be 
ring-expanded with the help of electrophilic azides. It is par- 
ticularly advantageous that sensitive or unstable 2-alkylid- 
ene N-heterocycles do not need to be isolated but can be 
generated by deprotonation and trapped in situ by the elec- 
trophilic azide present. These conversions are wellcomc ad- 
ditions to the arsenal of useful ring-expansion reactions of 
N-heterocyclic compounds[12-18]. The results of studies di- 
rected toward the extension of this ring expansion to other, 
in particular six-membered, N-heterocycles will be reported 
in due course. 

We are indebted to Professor C. Rezchnvdt for a gift of the 2- 
ethylidenedihydroindole 22b. We thank Mrs. E. Ruckdeschel and 
Dr. D. Scheutzow~ for recording NMR spectra and Dr. G Lunge 
and Mr. F: Dudvich for measuring the mass spectra. Financial sup- 
port by the Fonds deer Chemischen Industrie, Frankfurt am Main, 
is gratefully acknowledged. S. I. thanks particularly the Deutsthe 
Akndennische Austnuschdienst ( D A A D ) ,  for a generous stipend. 

The results of the present and the foregoing 

Table 2. Ratios of products obtained in the reactions of 2-alkylI- 
dene N-heterocycles and methanesulfonyl azide (2). The ratios were 
calculated from integrations of methyl signals in proton spectra 
recorded from solutions of the crude products. The routes Al ,  A2, 

and B refer to Scheme 1 

CPd. M e  [a] Temp. Products Routes Ref. 
X R' Rz ["C] A B  

10d NMe Me Me C 0 12d, 13 81 : 19 rbl 
THF 0 73 : 27 Fb1 

A 0 80 : 20 [bl 
12b,13 52 : 48 151 
12c, 13 27 : 73 [5l 

D 0 78 : 22 [71 

l l b  NMe Me H A 80 
l l c  NMe tBu H A 80 

15a[cl S 
15b S 

15blCI 
15c S 
15d S 

19LCl Se 
22a CMe, 

22b CMe, 

22c CMe, 

H 
Me 

tBu 
Me 

H 
H 

Me 

Me 

H 
H 

H 
Me 

H 
H 

H 

Me 

A1 A2 B 

THF 25 16a, 17 64 : 36 [bl 
T 0 16b, 17 95 : 5 [b] 
D -60 96 : 4 Cb1 
A 0 97 : 3 [b] 
THF 25 87 : 13 [b] 

D 0 16d, 17 94 : 6 I7I 
A 0 97 : 3 [b] 

20 > 99 : 1 [b] THF 25 
T 0 25 > 99 [bl 
D 0 > 99 [71 
A 0 > 99 [bl 

T 0 24,21b,25 8 : 17 : 75 [bl 
D - 2 0 - + 0  21b,25 [dl 24 : 76 [bl 
A 0 [dl 40 : 60 [bl 

A n > 99 [bl 

T 0 16c, 17 79 : 21 [71 

D -20-0 2lc  > 99 [71 

['I Solvents: A = [D3]acetonitrile, C = [D12]cyclohexane, D = 
[D2]dichloromethane, THF = [D&etrahydrofuran, T = [D8]tolu- 
ene. - Cb] This work. - ['I The ketene N,X-acetal was generated 
from the N-methylbenzazolium tetrafluorobordte with sodium hy- 
dride and trapped in situ by 2. - [dl Traces of 24 were detected 
by HPLC. 

Experiment a1 
Yields, melting points and IR data: Table 1. - 'H NMR: Table 

3. - I3C NMR: Table 4. - Molecular formulae, masses and ele- 
mental analyses: Table 5. - Melting points: apparatus from C. Rei- 
chert, Vienna, or Biichi, Flawil, Switzerland. - 'H  and I3C NMR: 
Bruker AC 200 and AC 250. - TLC: Aluminium sheets with silica 
gel 60 F,,, equipped with a concentrating zone (Merck). - Flash 
chromatography: (40 X 4)cm glass column with silica gel 32-63 
pm (ICN Biomedicals), UV detector Knauer 87.00 (h  = 254 nm), 
1.8 bar N,. - HPLC: Waters M-6000A equipped with UV detector 
440 (A. = 254 nm) and differential refractometer R401, (250 X 
4.6)mm steel column with silica gel LiChrosorb Si60, 5 pm 
(Knauer), 1.5 ml/min, petroleum ether (50-70°C) (PE)/ethyl acet- 
ate (EA) (80:20). - MPLC: (70 X 7)cm glass column with silica 
gel LiChroprep Si60, 15-20 pm (Merck), UV detector Knauer 
87.00 (h = 254 nm), differential refractometer Bischoff 81 10. - MS 
(70 eV): Finnigan MAT 8200. 

Tetrahydrofuran was dried with powdered potassium hydroxide 
and distilled from sodium hydride. Toluene and acetonitrile were 
distilled from calcium hydride. [D2]Dichloromethane, [D3]acetoni- 
trile, and [D,]toluene were dried with calcium hydride, [D,]benzene 
with sodium hydride. - Sodium hydride, suspended in paraffin oil, 
w d S  washed three times with pentane and dried in a stream of ar- 
gon. - Experiments with ketene NX-acetals and 2-alkylidenedi- 
hydroindoles were carried out in dry solvents under argon 
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Table 3. Chemical shifts (6 values) and coupling constants [Hz] in 
proton spectra 

Cpd. CMe, M d H ,  3J NMe S02Me Ringproton la' 
14b 1.54 3.41 7.3 4.15 7.7- 8.3 A 
15b 1.72 4.13 6.4 2.41 
16a 4.05 3.53 
16b 1.33 4.99 7.1 3.54 
20 3.94 3.52 
21b 1.22 1.01 3.70 7.1 3.49 

23b[bl 1.21 1.67 4.23 7.4 2.53 

24 1.42 1.18 4.97 6.8 3.18 

27 1.03 1.38 3.88 6.0 3.007[Cl 

1.35 

1.39 

1.65 

144 

6.0 - 6.9 B 
3.14 7.0-7.4 C 
3.14 7.1 -7.4 C 
3.14 7.0-7.5 C 
3.12 7.0-7.3 C 

3.23 6.4 - 7.2 D 

2.68 6.7-7.3 C 

2.997['1 6.6 - 7.2 [dl C 

L a ]  Solvents: A = [D3]acetonitrile, B = [D6]benzene, C = [Dltrichlo- 
romethane, D = [D2]dichloromethane. - Lh] The spectrum was re- 
corded at -40°C. - May be exchanged. - rd] Further signals: 
6 = 4.05 (s, NH), 5.20 (6A), 5.56 (SM), 6.40 (&), 2 J ~ ~  = 0, 3 J ~ x  = 
11.6, 'JMX = 17.9 Hz (AMX spectrum, -CH=CH2). 

(99.998%). - The following compounds were prepared as de- 
scribed: 21'1, lOd, 15dr2], 22c['*]. - 2-Methylbenzoselenazole (Al- 
drich), 2-methylbenzothiazole (Aldrich), and 22a (Merck) were dis- 
tilled in vacuo. - 22b was donated by Professor C. Reichardt[l']. 

2-Etl1,vlbenzothiazole: A suspension of 2-aminothiophenol (100 
g, 0.8 mol) and zinc powder (2.4 g, 32 mmol) in trichloromethane 
(130 ml) was heated under reflux for 0.5 h. Propanoic anhydride 
(104 g, 0.8 mol) was added dropwise in 1 h, while the mixture was 
cooled with ice. The mixture was heated under reflux for 1 h, cool- 
ed, and poured into ice-cold water (250 ml). The organic layer was 
washed with an aq. solution of Na2C03 (10%) and water (3 X 150 
ml), until the washings were neutral, and dried with Na2S04. The 
solvent was distilled at normal pressure and the residue in vacuo 
to afford a colourless oil (114.3 g, 88%1), b.p. 60-70°C/0.2 Torr 
(b.p. 115 "C/7 T ~ r r [ ' ~ ] ) .  

I ,2,3- Trirnethylbenzirnidazoliurn Tetrafluoroborate (9a): Dimethyl 
sulphate (72.1 g, 0.57 mol) was added dropwise to a stirred suspen- 
sion of NaHC03 (57.7 g, 0.69 mol) and 2-methyl-lH-benzimida- 
zole[2')] (30.2 g, 0.23 mol) in water (150 m1)[21]. The mixture was 
stirred for 14 h and the solid removed by filtration. A sat. aq. solu- 
tion of NaBF4 (100 ml), acidified with 3 drops of aq. HBF4 (50'1/0), 
was added dropwise to the filtrate to afford colourless crystals, 47.7 
g (84%). Recrystallisation of crude product from ethanollwater 
(1O:l) furnished colourless plates (41.3 g, 73%), m.p. 207-209°C 
(m.p. 202°C[89, 

2,3-Di~iethylben,-othia=oliur?i Tetrafluorohorate (14a): Dimethyl 
sulphate (12.5 g, 0.10 mol) was added dropwise with stirring to 2- 
methylbenzothiazole (1 1.8 g, 80 mmol) under cooling with ice. The 
mixture was heated at 110°C for 1.5 h, cooled to 60°C, and diluted 
with ethanol (20 ml). After cooling to room temp., a sat. aq. solu- 
tion of NaBF4 (50 ml) was added dropwise. The precipitate which 
had formed after 3 d was collected by filtration, washed with water 
and dried to afford colourless crystals (17.2 g, 86%). Recrystalli- 
sation of the crude product from ethanol gave colourless needles, 
m.p. 120- 122°C (m.p. i20°C[141. 

2- Etliyl-3-metliylben~othiazoliurn Tetrafluoroborate (14b) was pre- 
pared from 2-ethylbenzothiazole as described above for 14a and 
recrystallised from ethanol. Colourless needles, m.p. 110- 112°C. 

2,3-Dirnetli~lbenroselenu-.olium Tetrafluoroborate (18) was pre- 
pared from 2-methylbenzoselenazole as described above for 14a 

Tab. 4. Chemical shifts (6 values) in carbon-13 spectra 

Cpd. (2%-Me NMe S0,Me C=N Otherring-C lal 

14b 25.7 12.3 37.2 180.4 119.0 143.4 A 
CH quat.C 

125.1 168.7 
129.6 
130.9 

15b 81.9 14.7 30.0 145.2 [bl 106.6 
119.2 
121.4 
125.8 

16a 28.1 35.8 43.3 160.7 119.1 
124.6 
127.5 
128.4 

16b 34.0 16.6 36.0 43.5 162.9 118.4 
124.9 
127.4 
129.7 

20 19.9 37.4 43.4 161.6 120.7 
124.9 
128.0 
130.9 

C Me, CH-Me 

124.6 B 
143.6 

125.7 C 
139.0 

121.7 C 
138.2 

123.3 C 
140.4 

2lb 35.0 23.1 44.3 12.4 32.9 43.8 169.2 116.7 133.9 C 
28.3 124.9 137.5 

125.3 
127.4 

24 44.0 20.9 59.3 12.9 43.0 36.2 196.2 113.5 131.0 C 
30.8 119.7 143.8 

125.0 
127.7 

27 42.6 21.5 55.9 16.8 44.4 36.4 ['I 112.2 127.3 C 
25.3 118.3 143.9 

125.5 

[a] Solvents: A = [D3]acetonitrile, B = [D6]benZene, C = [Dltrichlo- 
romethane. - Lb] C-2. - 1'1 Further signals: 6 = 68.2 (quat. C, C- 
3), 118.3, 133.1 (CH,=CH-). 

Tab. 5. Molecular formulae and masses, and elemental analyses 

Cpd. Formula Mol. Elemental analysis 
mass 

14b CloH12BF4NS 265.1 Calcd. 
Found 

16a CloH12N,0,S, 256.3 Calcd. 
Found. 

16b Cl1HI4N,O,S, 270.4 Calcd. 
Found 

20 CloH1,N,OzSSe 302.3 Calcd. 
Found 

21b C,,H,$J,O,S 280.4 Calcd. 
Found 

24 Found 
27 CI6H,,N20,S 308.4 Calcd. 

Found 

C H N S  
45.31 4.56 5.28 
45.53 
46.86 
46.92 
48.87 
49.04 
39.60 
39.66 
59.07 
59.77 
60.17 
62.3 1 
62.32 

5.11 5.22 
4.72 10.93 
4.63 11.01 
5.22 10.36 
5.20 10.19 
4.00 9.24 
3.76 9.18 
7.19 9.99 
7.18 9.80 
6.91 9.85 
7.84 9.08 
7.02 9.00 

25.01 
25.17 
23.72 
23.97 
10.57 
10.86 
11.43 
11.29 
11.38 

and recrystallised from ethanol. Colourless needles, m.p. 
141-142°C (m.p. 142.5°C[141). 

Ketene NX-Acetals 10a and 15b. - General Procedure[2]: A sus- 
pension of powdered 2-alkyl-N-methylbenzazolium tetrafluorobo- 
rate (20 mmol) and sodium hydride (30 mmol) in tetrahydrofuran 
(25 ml) was stirred under argon in an 80-ml centrifuge tube, 
equipped with septum, until the gas evolution had ceased. The solid 
material was removed under argon with the help of a centrifuge. 
The solvent and the crude product were distilled in vacuo to afford 
colourless low-melting solids. 
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2,3-Dihydro-1,3-dimethyl-2-methylene-lH-ben~imidazole (loa): 

Yield 88Y0, m.p. 50-52"C, b.p. 97-11OoC/0.15 Torr (m.p. 
49-50"C[81). 

2-Ethylidene-2,3-dihydro-3-methylbenzothiazole (15b): Yield 84Y0, 
m.p. 30-31 "C, b.p. 73-74OCl0.15 Torr (b.p. 155-156W9 TorrC9]). 

3,4-Dihydro-2,4-dimethyl-3-[ (methylsulphonyl) imino]-2H-benzo 
thiazine (16b) and 2,3-Dihydro-3-methyl-2-[ (methylsulphonyl)- 
imino]benzothiazole (17). - a) A solution of 2 (1.33 g, 11.0 mmol) 
in toluene ( 5  ml) was added dropwise under argon to a stirred solu- 
tion of 15b (1.91 g, 10.8 mmol) in toluene (5  ml) at 0-5°C. The 
mixture was stirred for 1 h at 0°C and 1 h without cooling. The 
solvent was distilled in vacuo. TLC (PEIEA, 1 : 1) of the solid resi- 
due showed two spots. Recrystallisation from EA afforded 16b 
(2.01 g, 69%) as colourless crystals, m.p. 152-156°C. Flash chro- 
matography (PEIEA, 1 : 1) of the residue, which was obtained from 
the mother liquor after distillation of the solvent in vacuo, gave a 
second crop of 16b (0.48 g, 16%) as colourless crystals, m.p. 
152-156"C, and 17 (0.16 g, 8%) as colourless crystals, m.p. 
166- 168 "C. The crude products were recrystallised from ethanol. 
- 16b, MS, mlz (YO): 270 (27) [M+j, 192 (13), 191 (100) [M+ - 
S02Me], 164 (28), 158 ( ] I ) ,  137 (50), 136 (42), 109 (ll),  40 (15). 
b) A suspension of powdered 14b (2.65 g, 10 mmol), sodium hy- 
dride (0.36 g, 15 mmol), and 2 (1.23 g, 10.2 mmol) in tetrahydrofu- 
ran (30 ml) was stirred under argon in an 80-ml centrifuge tube, 
equipped with a septum, until the gas evolution had ceased (20 h). 
The solid material was removed under argon with the help of a 
centrifuge and washed with tetrahydrofuran ( 5  ml). The solvent 
was distilled in vacuo. Flash chromatography (PElEA, 1 : 1) of the 
solid residue gave 16b (1.74 g, 64%, yellow crystals, m.p. 
150-157"C), and 17 (0.35 g, 15%, colourless crystals, m.p. 
160- 164°C). The crude products were recrystdlhsed from ethanol 
to afford colourless crystals. 

In situ-Trapping of' the Methylene Compounds lOa, 15a, and 19 
with Methanesulphonyl Azide (2). - General Procedure: A suspen- 
sion of powdered 2,N-dimethylbenzazolium tetrafluoroborate (9a, 
14a, or 18, 10 mmol), sodium hydride (15 mmol), and 2 (1 1 mmol) 
in tetrahydrofuran (30 ml) was stirred under argon in an 80-ml 
centrifuge tube, equipped with a septum, until the gas evolution 
had ceased (20-24 h). The solid material was removed under argon 
with the help of a centrifuge and washed with tetrahydrofuran ( 5  
ml). The solvent was distilled in vacuo. 

2,3-Dihydro-l,3-dimethyl-2-[ (methylsulphonyl) iminol-1 H-benz- 
imidazol(13) and 1,3-Dihydro-1,3-dimethyl-2 H-benzimidazol-2-one: 
Flash chromatography (EA) of the residue obtained from 10a gave 
1,3-dihydro-l,3-dimethyl-2H-benzimidazol-2-one (0.28 g, 16%, yel- 
low solid) and 13 (0.44 g, 18%, yellow crystals, m.p. 200-205°C). 
1,3-Dihydro-l,3-dimethyl-2H-benzimidazol-2-one was recrystal- 
lised from PE to afford yellow crystals, m.p. 100-102°C (m.p. 
102°C[221). - 'H NMR (CDC13): 6 = 3.42 (s, 2 NMe), 6.9-7.2 (4 
Ar-H) (ref.[22]). - 13C NMR (CDC13): 6 = 27.1 (NMe), 107.4, 
121.2 (ring CH), 130.0 (quat. C), 154.6 (C=O) (ref.[23]). - 13 was 
recrystallised from ethanol to afford colourless needles. 

3,4-Dihydro-4-methyl-3-[ (methylsulphonyl) imino]-2H-benzo- 
thiazine (16a) and 2,3-Dihydro-3-methyl-2-[(methylsulphonyl) imi- 
no]benzothiazole (17): Flash chromatography (PEIEA, 1 : 1) of the 
solid residue obtained from 15a gave 16a as first fraction (0.64 g, 
24Y0, brown needles, m.p. 165-170°C). MPLC of the residue (PEl 
EA, 1 : l), which was obtained after evaporation of the solvent from 
the combined later fractions, gave a second crop of 16a (0.19 g, 
7%, yellow needles, m.p. 170-175°C) and 17 (0.44 g, 18%, orange- 
coloured powder, m.p. 165- 168 "C). The crude products were 

recrystallised from ethanol to afford pale yellow scales (16a), m.p. 
173- 175"C, and orange-coloured needles (17), m.p. 167- 168°C. 
16a, MS, mlz (YO): 256 (48) [M+], 178 (lo), 177 (89) [M+ - 
S02Me], 150 (loo), 137 (44), 136 (71). 

3,4-Dihydro-4-methy1-3-[ (rnethylsulphonyl) imino]-2 H-benzo- 
selenazine (20): Flash chromatography (PElEA, 1 : 1) of the solid 
residue obtained from 19 gave 20 (2.04 g, 71%) as brown needles, 
m.p. 140- 149°C. Recrystallisation from ethanol afforded pale yel- 
low scales, m.p. 148-150°C. - MS, mlz (%): 304 (77), 302 (40) 
[M+], 225 (71), 223 (47) [M+ - S02Me], 198 (loo), 185 (58), 184 
(84), 183 (30), 182 (52), 181 (24), 157 (23), 145 (57), 118 (70). 

Reaction of 2-Ethylidene-2,3-dihydro-l,3,3-trimethyl-l H-indole 
(22b) with Methanesulphonyl Azide (2): A solution of 2 (2.71 g, 22.4 
mmol) in toluene ( 5  ml) was added dropwise under argon to a 
stirred solution of 22b (3.80 g, 22 mmol) in toluene (5 ml) at 
0-5°C. The mixture was stirred for 1 h at 0°C and 1 h without 
cooling. The solvent was distilled in vacuo. Recrystallisation of the 
solid residue from ethanol (25 ml) afforded 25 (2.75 g, 50%) as 
colourless crystals, m.p. 150- 155 "C. Flash chromatography (PEI 
EA, 7:3) of the yellow, syrupy residue, which was obtained from 
the mother liquor after distillation of the solvent in vacuo, gave 24 
as first fraction (0.8 g, 13%, colourless crystals, m.p. 117-119°C). 
MPLC (PElEA, 7:3) of the residue, which was obtained after evap- 
oration of the solvent from the combined later fractions, gave 21b 
(0.13 g, 2%), 24 (0.023 g, 0.4%), 25 (0.35 g, 6%) as yellow crystals, 
and 27 (0.031 g, 0.5%) as violet crystals. The crude products were 
recrystallised from ethanol to afford colourless crystals. 
21b, MS, mlz (%): 280 (33) [M+j, 265 (44) [M+ - Me], 202 (14), 
201 (100) [M+ - S02Me], 187 (ll),  186 (80), 184 (lo), 132 (16), 
131 (19). 
24, MS, mlz (YO): 280 (33) [M+], 265 (44) [M+ - Me], 202 (15), 
186 (46), 171 (36), 160 ( I I ) ,  159 (26), 158 (16), 156 (Il), 144 (17), 
132 (18). 
27, MS, mlz (%): 308 (6) [M+], 229 (8) [M+ - S02Me], 187 (17), 
186 (loo), 171 (21), 145 (6), 144 (8), 132 (7). 

Reaction of the Ketene NX-Acetals ( X  = N; S) 10a, d, 15b, d 
and 2-Alkylidenedihydroindoles 22a-c with Methanesulphonyl Azide 
(2) in Deuterated Solvents. - General Procedure: 2 (0.5 mmol) was 
added at 0°C under argon to a solution of the ketene N;X-acetal 
or 2-alkylidenedihydroindole (0.5 mmol) in a deuterated solvent 
(0.6 ml) contained in an NMR sample tube. The mixture was bri- 
efly shaken and kept at 0°C for 1 h and without cooling until the 
evolution of gas had subsided. The proton spectra were recorded 
at room temp. When products precipitated, the solvent was evapor- 
ated under reduced pressure, and the proton spectrum was recorded 
from a solution of the residue in CDC13. Results: Table 2. 

Reaction of the Ketene NX-Acetals ( X  = h! S) IOa, 15b and 2- 
Alkylidenedihydroindole 22b with Methanesulphonyl Azide (2) at 
Low Temperatures. - General Procedure[7]: A solution of the ketene 
NX-acetal or 22b (0.5 mmol) in CD2CI2 (0.3 ml), contained in an 
NMR sample tube under argon, was frozen by cooling with liquid 
nitrogen. Special care was taken to avoid condensation of argon. 
A small amount of CD2CI2 (0.1 ml) was placed on top of the solid. 
A solution of 2 (0.5 mmol) in CD2C12 (0.2 ml) was added. The 
NMR sample tube was cooled with liquid nitrogen, evacuated, and 
flame-sealed. The mixture was brought to -78°C in a methanol/ 
dry ice bath and briefly shaken. Proton spectra were recorded at 
-60, -50, -40, -30, -20, -10, and 0°C. In the case of 15b, gas 
evolved already at -78 "C, and the proton spectrum indicated only 
the presence of 16b and 17 (Table 2). 

1,3,3',5'- Tetrahydro-lII,3,5'-tetramethyl-3' - (methylsulfonyl) - 
spiro(2 H-indole-2,4'-1,2.3-triazole] (23b): The solution prepared 
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Table 6. Experimental details and results of the X-ray diffraction analyses of 16b, 21b, 24, and 27 

Compound 16b 21b 24 27 

Molecular mass 270.36 280.38 280.38 308.44 
Molecular formula C11H14N202S2 C14H2$202S c14H2$202s c16H24N202s 

Crystal system monoclinic triclinic monoclinic triclinic 
Space group P2,ln Pi P2,lc Pi 
a [pml 1024.9( 1) 889.6( 1) 909.7( 1) 844.1( 1) 
b bml 718.9(1) 909.8( 1) 1102.0(1) 940.2(1) 
c [pml 1750.4( 1) 11 12.4(1) 1457.6(1) 1205.9(1) 
a [ded 66.882(7) 70.120(6) 
P [degl 105.287(7) 85.698(7) 93.804(6) 7 1.159(7) 
Y [degl 61.426(6) 68.394(7) 
v ~ 3 1  1.2441( 1) 0.7200(1) 1.4580(2) 0.8153(2) 
2 4 2 4 2 
d (calcd.) [g cm-31 1.443 1.239 1.277 1.256 
Size of the crystal [mm] 0.2 x 0.4 x 0.6 0.3 x 0.3 x 0.2 0.3 x 0.25 x 0.1 0.15 x 0.4 x 0.45 
Range h O +  13 -1 -+ 11 o +  11 -1 + 10 

k 0 + 9  -9+ 10 0 + 1 4  -11 + 11 
1 -22 -+ 21 -14 + 14 -18 --+ 18 -15 + 15 

No. of measured reflections 4113 3808 3744 4455 
Symmetry-independent reflections 2852 3186 3351 3699 
Observed reflections F>30(F) 2541 2591 2671 2562 
Linear absorpt. coeff. [ m - l ]  0.42 0.22 0.22 0.20 
Absorption correction yr-scan yr-scan ~-SCan yr-scan 
Ratio Fob,lparameters 16.39 14.98 15.47 12.81 
R 0.044 0.052 0.048 0.064 
Rw 0.046 0.053 0.049 0.059 
Diff. Four. Apmax[*l [eA-3] 0.45 0.42 0.35 0.37 

Ap[**l -0.26 -0.32 -0.23 -0.27 

I*] Maximum and [**I minimum of the remaining electron density in the final differential Fourier synthesis. 

from 22b and 2 in CD2CI2 according to the General Procedure 
contained both 22b and 23b at -6O"C, only 23b between -40 
and -20°C. 

X-Ray Dfiraction Analyses of transparent colourless crystals of 
16b, 21b, 24, and 27 were performed. The cell parameters were 
determined on the basis of 22 reflections. The numbers of reflec- 
tions reported in Table 6 were obtained with Mo-K, radiation and 
20,,,, = 55 (graphite monochromator, Wyckoff scan). Measure- 
ments were carried out with a system Siemens P4. The programme 
SHELXTL was employed. The structures were solved by 
direct methods and refined anisotropically by the least-squares 
method. The weighting scheme for R,v is 1/02(F). The positions of 
hydrogen atoms were calculated and included in the refinements 
with isotropic de~criptionI'~1. 

"1 The results are taken from the projected dissertation by S. 
Ivanova, University of Wiirzburg. 
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