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Djalkyl azodiformates form dihydrooxadiazines with indene, dihydro-l14-dioxine, vinylene carbonate, cis- 
and trans-lI2-dimethoxyethylene, and vinyl acetate by 1,4 addition; 1,2 addition yielding diazetidines is observed 
with vinyl ethers. Diazetidines also result from the addition of 4-phenyl-A1-1,2,4-triazoline-3,5-dione (PTD) to 
indene and dihydr0-1~4-dioxine. Dihydrooxadiazines are formed in a concerted Diels-Alder reaction with in- 
verse eZectron demand, the diazetidines via dipolar intermediates. The acceleration of azodiformate addition by 
illumination is due to the photochemical production of cis azodiformates, which show increased thermal reaction 
rates compared with the trans isomers. 

The thermal reaction of azodicarbonyl compounds 
(e .g . ,  diethyl azodiformate) wihh monoolefins normally 
results in substitution, which may be combined with 
an obligatory shift of the double bond following a 
concerted6-s or free-radical ~ a t h , ~ " ~  or consists of a 
formal insertion into a =CH bond."1° 

Of the variety of conceivable cycloaddition reactions 
the following four appear as the most plausible. 

1,2 addition 1,3 addition 

I ,COOR 
-C-N 

-c-N I I  
I 'COOR 

1 

1,4 addition 

h 0 0 R  

3 

1,6 addition 

OR 

OR 
4 

Only a few instances have been reported of 1,2- 
cycloaddition reactionsli-l6 leading to diazetidines 1, 
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and of 1,4-cycloaddition reactions16-1s with formation 
of dihydrooxadiazines 3. 1,3 addition has been pro- 
posed for the reaction of (CH3)3CCON=NCOC(CH3)3 
with diphenyl ketene.le To our knowledge no examples 
of 1,6 addition have been reported. 

The mechanisms of these cycloaddition reactions 
have not yet been explored, and the factors governing 
the different paths are unknown. In  this paper we 
wish (a) to  present spectral and chemical evidence 
which allows one to distinguish between the different 
products, (b) to contribute to  the understanding 
of the mechanisms of the 1,2- and l,4-cycloaddition 
reactions, and (e) to discuss the photochemical 
acceleration of the two latter processes. 

Results 
Dihydrooxadiazines. -1,ZDisubstituted olefins with- 

out easily abstractable allylic hydrogen should undergo 
cycloaddition reactions with aeodicarbonyl compounds. 
The two ring protons should have identical environ- 
ments in 1 and 4, but different ones in 2 and 3, thus 
allowing a distinction by nmr. 

Dihydro-1 ,4-dioxineJ vinylene carbonate, and trans- 
lI2-dimethoxyethylene gave the 1 : 1 adducts 5-7 with 
dimethyl azodiformate (DIMAD). The nmr data (Ta- 
ble I) show the two ring protons to be different; there- 
fore 1 and 4 can be ruled out as structural possibilities.20 
The distinction between 2 and 3 should be possible 
by ir: two valence vibrations (C=O and C=N) are 
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TABLE I 
NMR DATA OF DIHYDROOXADIAZINES* 

Ha Rl 
I I  

I?-?, 
R400C-N,Rz R3,O 

N=C, 
\ 
0 ~ 4  

. F  Cps- ----r -__-- c--- 

Compd Ha R' Rz R' R4 Jax Jbx Jab Solvent 

5 4.51 (d)5 5.17 (d)b 6.9 (m) 6.44 (s); 6.48 (s) 1 .9  CeDs 
6 3.23(d)b 3.  GS (d)b 6.05 (s); 6.07 ( 6 )  6 . 1  CDCL 
7 4.45 (d) 6.97 (s) 6.73 (s) 5.10 (d) 6.42 ( 6 )  1 . 4  CBDB 
8 4.40(d) 5.33 (d) 6.63 ( s ) ~  6.72 ( s ) ~  6.30 (s);6.35 (s) 1.8 C ~ D B  
9 6.55(q) 7.90 (9) 6.0 (9) 3.51 ( t )  5.82 (9); 8.70 (t) 2.5 2.5 13.5 CCla 

5 HX OCH2CHzO CHa 
6 H" OCO CHa 

Substitu ent------- ,.-..-_____I----- 

7 OCHa OCH3 Hx CH3 
8 Hx OC& OC& CHa 
9 -0-C-CHa Hb Hx CzH6 

tl 

ii 
a The nmr spectra were recorded with a Varian A-60 A and HA-100; the letter abbreviations used follow: s = singlet, d = doublet, 

Re- t = triplet, q = quartet, qui = quintet, o = octet, m = muftiplet, b = broad; tetramethylsilane was used as internal standard. 
versed assignment possible. 

TABLE I1 
NMR DATA OF DIAZETIDINEW 

1 ------- 7---------- ------ 7 

Compd H" H' R1 R' Ra 
10 5.57 (9) 4.77 (9) 5.99 (9) 6.51 (s) 6.17 (s); 6.19 (6)  
11 UnderR2 +- R3 4.80 (q) Under R2 + R3 Obsc. (m); 8.78 (t) 5.82 (4); 8.74 (t) 
12 5.55 (q) 4.67(q) 5.95 (q) ~ 6 . 2 ( m ) ;  8 .73(t)  6.17(s); 6.19(s) 
12-DI 5.55 (d) 4.62 (d) -6.3 (m); 8.74 (t) 6.17 (s); 6.19 (s) 
13 4.78 (8) = Ha 6.50 (s) = Rl 6.44(s) 
14 5.17(s) = Ha 6.26 (m) R1 2.61 (m) 

10 
11 
12 
12-Di 
13 

a See footnote a, Table I. 

expected for 3, one (C=N) for 2 in the 1600-1800- 
cm-1 region. However, all three adducts display 
three bands in this area, e.g., 7 at  1678, 1714, and 1750 
cm-1 (in CCL). While this observation appears in- 
compatible with the structural type 2, it easily can 
be reconciled with the dihydrooxadiazine structure 3; 
two conformers with different overlap between the 
C=O a-orbital and the nitrogen nonbonding orbital 
result from hindered rotation about the N-COOR 
bond. This process has been demonstrated in a de- 
tailed nmr study published elsewhere,22 and the ratio 
of the two conformers from nmr corresponds to the 
ratio of intensities of the 1714- and 1750-cm-l bands 

(22) E. Koerner von Gustorf, D. V. White, and J. Leitioh, Tetrahedron 
Lett., 3109 (1909). 

F--cps---7 
Jab Jax J b x  SOlveIlL 
9 . 5  6 4 CDC13 

6 4 CCla 
9.5 6 4 CDC4 

6 CDC13 
CeDs 
CDiCN 

in 7. Therefore, these bands are assigned to  the C=O 
vibrations and the 1678-cm-l band to the C=N 
group.2a 

The dihydrooxadiazine 7 is formed in quantitative 
yield, but from cis-1,2-dimethoxy-ethylene and DMAD 
we obtained the dihydrooxadiazine 8 (Table I) and 
the diazetidine 13 (Table 11) in a 4 :  1 ratio according 
to nmr. Vinyl acetate gave the dihydrooxadiazine 9 
with diethyl azodiformate (DEAD) ; the structural as- 
signment rests on the band at 1675 cm-' (C=N).24 

(23) Cyclic C=N groups are known to cause strong absorption in the 
1630-1680-om-~ region: E. Fahr, K. KLinigsdorfer, and F. Soheokenbaoh, 
Juetus Liebigs Ann. Chem., BBO, 138 (1965); 9. I. Meyers, J .  Org. Chem., 
!de, 218 (1961). 

(24) An earlier  assignment'^*^ of a diazetidine structure to B is herewith 
revised 
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TABLE I11 
NMR DATA OF INDENE ADDUCTS" 

Compd r CPS 

30a 6.9 ( 0 )  5.17(0) 4.78(d) 5.82(q) 16 9 7.6 5 CCl, 
H* Hb HX HY R Jab J a X  Jbx JXY Solvent 

5.88 (9) 
8.72 (t) 
8.77 ( t )  

6.18 (s) 
30b 6.83 ( 0 )  5.06(0) 4.65(d) 6.14(s) 16 9 7 .5  5 CDCls 

2 1  6.78 (9) 6.08 (9) 4.61 ( 0 )  4.07(d) 
24 6.85 (9) 7.12 (d) 7.30 (t)  6.39 (d) 
a See footnote a, Table I. 

All dihydrooxadiaxines failed to undergo catalytic 
hydrogenation a t  room temperature and normal pres- 
sure. 

Diazetidines-DRIAD and DEAD form 1 : 1 ad- 
ducts 10-12 with methyl and ethyl vinyl ether.12J6 
Compounds 10-12 (Table 11) showed two bands a t  
>1700 cm-l in the 1600-1800-~m-~ region. The only 
structure compatible therewith is that of a diazetidine 
1. Compound 11 underwent ring opening to 15 on 
catalytic hydrogenation. 
4-Phenyl-A'-1,2,4-triax0line-3,5-dione~~ (PTD) is a 

cis-locked axodicarbonyl compound and a very elec- 
trophilic cyclophile: of the different modes of cyclo- 
addition (1-4) only 1 is possible in this case. 

The diaxetidine 14 (Table 11) was obtained from 
PTD and dihydro-lj4-dioxine besides some polymeric 
material and showed identical ring protons as ex- 
pected. Catalytic hydrogenation of 14 gave 16. 

0 
II 

/O\_TQ/C\ $!H,-CH,-O-Et 

18.8 6.6 1.1 5 .6  CDCla 
16.5 7 6 1 . 0  5.5 CDaCOCDa 

COOEt 

17 
,COOEt 

EtOOC-N 
'N-COOEt 

18 

This structure has also to be revised on the basis 
of the following data. The reaction of indene with 
PTD gives the diaxetidine 21. The structure of 21 
is based on its ir spectrum (>C=O at  1712 and 1782 
cm-l in KBr, no >NH), mass spectrum and nmr data 
(Table 111) ; almost identical ABXY systems reveal 
the structural similarities of 21 (Scheme I) with the 
adduct (25) of indene and phthalazine-lj4-dione. l 4  

The formation of 19 by ring cleavage in the benzylic 

SCHEME I 

15 
0 

19 '\ 20 

16 

Azodiformatle and PTD Adducts of Indene. -DEAD 
and indene form a 1 : l  adduct a t  room temperature 
(80% yield after 1 month),26 for which structures 17 
and 18 have been suggested. Alder, et al.1° showed 
a preference for 17, since 2-indanone resulted from 
alkaline hydrolysis, and 29 was obtained by catalytic 
hydrogenation of the adduct. We recently ruled out 
17 on the basis of spectral data and s u g g e ~ t e d ~ ~ ~ ~  
18 ; independently, Huebner, et a1.,27 reached the same 
conclusion. 

(25) J. Sauer and B.  Schriider, Chem. Ber., 100, 678 (1967). We are 
grateful to Professor Sauer for detailed information about his procedure prior 
to  publioation, and for a generous sample of PTD. R. C. Cookson, 8. S. H. 
Gilani, and I. D. R. Stevens, J .  Chem. Soo., C, 1905 (1967). 
(26) 0. Diels and K. Alder, Justus Liebius Ann. Chem., 460, 237 (1926). 
(27) C. F. Huebner, etol., J .  Oru. Chem., 8!2, 1126 (1967). 

m N 4 
+ 1?7(";: 0 

22 23 
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24 25 

position on catalytic hydrogenation, and the proton- 
catalyzed attack of water leading to 20 are also in 
accord with 21. A trans configuration has been as- 
signed to 20 without further proof, since this should 
result from both S N ~ -  or SN1-type attack of water 
on 21. 

The reduction of 21 with LiA1H4 yields N-methyl- 
aniline, aniline, N-E-dimethylaniline, indene, and 
large amounts of tarry materials. As further products 
only traces of the imidazole derivative 22 and of the 
diazetidine 23 could be isolated; their structures have 
been assigned tentatively on the basis of spectral 
evidence.28 No alcoholic product was detected in the 
LiA1H4 reduction of 2 1. 

A comparison of the reactions of 21 (Scheme I) 
with those of the adduct of indene and diethyl azodi- 
formate (Scheme 11) shows that hydrogena t i~n~~  and 
hydrolysis lead to the analogous products 29 and 30, 
whose structures are indicated by their spectra. How- 
ever, with the formation of 28 in high yields with 
LiA1H4 a basic difference between the two indene 
adducts becomes apparent. According to the results 
with 21 the OH in 28 does not stem from an attack 
by water on a diazacyclobutane system in the course 
of the work-up procedure. A formation of 28 via a 
rearrangement of 18 by AlHb- (eq 1) seems very 
unlikely. 34 

B 

(28) The reduction of NCONRa -c NCHa in 11 parallels the behavior of 
carbamates~g and diethyl tetrahydropyridazine-1.2-dicarboxylatesao toward 
LiAlH4; the mechanism of the rearrangement observed in the formation 
of 22 could be pictured as follows. 

0 

The carbonyl group in 18 is protected from further reduction, probably by 
formation of the resonance stabilized anion 

+ 
NC-NC,H, 

I,,-- 
0- 

as postulated in a similar case.11 
(29) N. G. Gaylord, “Reduction with Complex Metal Hydrides,” Inter- 

science Publishers, Inc., New York, N. Y., 1956, p 636; B. Weiss, J. Ore. 
Chem., 80, 2483 (1965). 
(30) H. R. Snyder and J. G. Michels, {bid., 28, 1144 (1963). 
(31) R. Huisgen, F. Jakob, W. Siege], and A. Cadus, Justus Liebigs Ann. 

Chem., 690, 1 (1964). 

SCHEME IIa 
COOR 

d N > / O R  \ @--& H 

N-N-COOEt 

CH3 
26 27 

QH f .LiAIH, 

I 30a, R=C2H5 COOR 
b, R = CH3 DEAD, R = C2H5 

DMAD, R = CH3 

N-N-COOEt 
H 

32 
‘N- COOE t 

I 
iI 

31 H,/cat I 

COOEt COOEt 
NH,-NH-CWEt \ /  t 

35 
a All reactions shown in this scheme have been carried out with 

Therefore, the predominant formation of 28 suggests 
that this indene adduct is correctly represented by 
the dihydro~xadiazine~~ structure 30 and not by the 

30a. 

(32) As i t  turned out later, 80 is the only dihydrooxadiazine, so far, which 
undergoes catalytic hydrogenation. This can be explained by the activa- 
tion of the benzylic position, which is also responsible for the easy oleavage 
of benzyl ethers and esters on hydrogenation.*a 
(33) R. C. Fuson, “Advanced Organic Chemistry,” John Wiley & Sons, 

Inc., New York, N. Y., 1953, p 261. 
(34) Suoh a rearrangement would be analogous to that  of, e.g., N-benzoyl- 

aziridines to  2-oxazolines~~ by I-. However, I-  did not have any effect on 
the indene azodiformate adduct, but rearranged8 the diazetidine 10. 
(35) H. W. Heine, Angew. Chem., 74 ,  772 (1962). 
(36) C. F. Huebner, E. M. Donoghue, C. J. Novak, L. Dorfman, and E. 

Wenkert, J. Org, Chem., 86, 1149 (1970), have also demonstrated the cor- 
rectness of 80 by LiAlHi reduction to  28, and have proven cis configuration 
for 18 by chemical means. Correspondence with Dr. Huebner, who kindly 
postponed the publication of his paper to allow the aimultaneous appearance 
of our work is gratefully appreciated. 
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TABLE IV 
IR DATA OF 3Qa AND 30b 

Compd fgolvent 
30aa ClJsCN 

ClJsNOz 
CeHsNOe 
Cs&N 
CeHe 
Dioxane 
CCla 

r 
C e N  

1674 
1672 
1674 
1674 
1675 
1675 
1674 

-Cm-1 
c=o C=O 

1700 1736 
1698 1732 
1699 1737 
1698 1738 
1700 1743 
1699 1743 
1700 1743 

C€II2C12 1672 1699 (sh) 1733 
CHCla 1671 1697 (ah) 1727 
CHBra 1667 1724 
C2B60H 1667 1724 

KBr 1658 1683 1690 

30b Cel3sCHa 1675 1703 1745 
CHCla 1670 -1700 (sh) 1730 

a See ref 39. 

diazetidine structure 18. A discussion of the nmr 
and ir data lends further support to this structural 
assignment. 

The coupling constants in the nmr spectrum (Table 
111) of 21 closely resemble those in the cyclobutadi- 
indene*Y 24. :Both compounds possess the same rigid 
arrangement of a four-membered ring fused to  the 
five-membered ring of the indene moiety. Ja, and 
J b x  in the indene azodiformate adduct 30 are com- 
pletely different from those in 21 and 24. Inspection 
of molecular models reveals a dihedral angle close 
to 90” of HbGCHX in 21, thus explainingas the very 
small value olf J b x ;  the corresponding angle in 30 
is much larger. 

The ir spectrum of 30 shows three bands in the 
1600-1800-cm~-1 region whose positions have been 
studied in a variety of solvents (Table IV).as While 
the polarity of the solvent does not have a strong 
effect on these bands, their position is shifted to lower 
wavenumbers in those solvents which are capable 
of hydrogen bonding. Hydrogen bonding with chloro- 
form could be demonstrated: the intensity of the 
C-D stretching vibration in CDCl3 a t  2254 cm-’ is 
strongly increased40 by the presence of 30. According 
to these solvent effects all three bands have to be 
attributed to /C=O or ,C=N valence vibrations. 

Up to four (possibly overlapping) >C=O bands 
could be expect(ed4l for the two possible configurational 
isomers of 18 by vibrational coupling.42 However, 
according to our experience tetrahydropyridazine de- 
rivates resulting from the addition of azodiformates 
to show /C==O bands only at  21700 cm-’. 
Three bands a t  the observed positions can be easily 

\ \ 

\ 

(37) G. 0. Schenck, W. Hartmann, 8. P. Mannsfeld, W. Metzner, and 
C. H. Krauch, Chem. Ber., 96, 1642 (1962); A. G. Anastassiou and G. W. 
Griffin, J .  Org. Chem., 83, 3441 (1968). 

(38) M. Rarplus, J .  Chem.. Phys . ,  S O ,  11 (1959). 
(39) We are grateful to  Mr. R. E. Sacher, U. 9. Army Natiok Laboratories, 

(40) G. C. Pimento1 and A. L. McClellan, “The Hydrogen Bond,” W. H. 

(41) Helpful discurisions of this problem with Professor M. K. Wilson, 

(42) C. N. R. Rae, “Chemical Applications of Infrared Spectroscopy,” 

(43) B. T. Gillis, in “1,4-Cycloaddition Reactions,” J. Hamer, Ed., Aoa- 

for measuring these spectra on a Beckman IR-12. 

Freeman and Co., Sari Francisco, Calif., 1960, p 197. 

Tufts University, are gratefully acknowledged. 

Academic Press Inc., New York, N. Y., 1963, p 265. 

demic Press Inc., New York, N. Y., 1967, p 143. 

explained with the dihydrooxadiazine structure 30 
on the basis of the experience with 5-8 as being due 
to the existence of two conformers (hindered rotation 
about the N-COOR bond). This conformational pro- 
cess can be directly observed by low temperature 
nmr.2e 

The chemical reactions carried out with 30 are com- 
piled in Scheme 11. The structures of the compounds 
shown are based on spectral evidence. The proposed1° 
nonidentity of 29 and 35 (obtained from indan and 
DEAD) was confirmed by nmr.44 

Attention should be drawn to the fact, that there 
is no evidence for any formation of the isomeric adduct 
26. 

The formation of 30 at  20” is accelerated by several 
orders of magnitude, if mixtures of indene and azodi- 
formates are irradiated with light of 5350 mp. The 
photochemical preparation of 30 gives very good yields 
of analytically pure material. Illumination has also 
been used for the preparation of 5 and 6. 

Mechanistic Considerations 

Thermal Reactions.-The reaction constants listed 
in Table V show no considerable influence of solvent 
polarity on the rates of the addition of DEAD to in- 
dene (dihydrooxadiazine formation) and to vinyl ethyl 
ether, and of PTD to indene (diazetidine formation). 

Retention of configuration (within the limits of 
detectability by nmr) was observed for the formation 
of the dihydrooxadiazines 7 and 8, and excess trans- 
or cis-1,2-dimethoxy-ethylene is not isomerized in 
these  reaction^.^^,^^ 

The formation of only one diazetidine 13 from cis- 
ll2-dirnethoxyethylene is not unequivocal, since no 
diazetidine was obtained with trans-lJ2-dimethoxy- 
ethylene. DMAD and 36 gave 12-D1 under retention 
(see Table 11) of configuration (stereospecificity > 
90 % by nmr). The configuration of 37 remains un- 
changed in the addition of DMAD. 

D ,OEt H, ,OEt 

H >c-c ‘H D/c=c\D 
36 37 

Are the dihydrooxadiazines and the diazetidines 
formed in one- or two-step reactions? 

The following criteria are considered important for 
this d i s t i n ~ t i o n . ~ ~  (1) Isolation, spectroscopic and 
kinetic detection, or scavenging with additives of an 
intermediate give positive proof for a two-step cyclo- 
addition. (2) Stereospecificity is a necessary require- 
ment for one-step cycloaddition. Stereoequilibration 
proves a two-step r ea~ t ion .~~s4~  However, several 
stereospecific two-step cycloadditions are k n ~ w n . ~ ~ l ~ @  
(3) Effects of substituents (orientation phenomena) 
are observed in one- and two-step reactions. A con- 

(44) We are indebted to Dr. H. Niklas for a sample of 96. 
(45) E. Xoerner von Gustorf and J. Leitich, Tetrahedron Lett., 4689 

(46) E. Koernervon Gustorf, ibid. ,  4693 (1968). 
(47) R. Gompper, Angew, Chem. 81, 348 (1969); Angew. Chem. Int.  

Ed. Engl., 8, 312 (1969); valuable diaoussions with Professor Gompper, 
who kindly provided a manuscript prior to publication, are gratefully ap- 
preciated. 

(48) P. D. Bartlett, C. J. Dempster, L. K. Montgomery, X. E. Schueller, 
and E. H. Wallbillich, J .  Amer. Chem. ij’oc., 91,405 (1969). 

(49) 8. Proskow, H. E. Simmons, and T. L. Cairne, ibid., 88, 5254 (1966). 

(1968). 
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TABLE V 
RATE CONSTANTS AND ACTIVATION PARAMETERS FOR THE ADDITION OF DEAD 

TO I N D E N E  .4ND ETHYL VINYL ETHER, AND OF PTD TO I N D E N E  

System Solvent Temp, “ C  k (l/mol sec) AH* (kcal/mol) A#*, eu 
DEAD + indene Acetonitrile 

Acetic anhydride 
Benzene 
Ethyl acetate 
Indene 
Indene 
Indene 

Acetonitrile 
Acetic anhydride 
Benzene 
Ethyl acetate 
Ethyl vinyl ether 
Ethyl vinyl ether 
Ethyl vinyl ether 

DEAD + ethyl vinyl ether 

PTD + indene Acetonitrile 
Acetonitrile (+ 1.5 % 

Chlorobenzene 
Acetone (dry) 
Acetone (+ 1.5% HzO) 
Benzene 
Benzene 
Benzene 

HzO ) 

PTD + HzO Acetone (1 -5% HzO) 

clusion (that i t  is a one-step reaction) is only possible 
if the orientation is contrary to the polarity of the 
 substituent^.^^ (4) Solvent effects are meaningful 
only (proving two-step cycloaddition), if rate con- 
stants increase several orders of magnitude going from 
an unpolar (e .g . ,  cyclohexane) to a polar (e.g., acetoni- 
trile) ~ o l v e n t . ~ ~ ~ ~ ~  Missing solvent effects (a require- 
ment for one-step reactions) have been reported for 
several dipolar cycloaddition reactions.47 ( 5 )  A small 
enthalpy of activation (AH * 25 kcal/mol) and a highly 
negative activation entropy (A#+ = -35 eu) are 
typical activation parameters of one-step cycloaddition 
(e.g., Diels-Alder) reactions.60p61 However, dipolar 
cycloadditions with similar data are known.47 (6) 
Kinetic secondary isotope eff ectd2 allow an empiric 
distinction between one- and two-step cycloaddi- 

The selection rules of Woodward and H ~ f f m a n ~ ~ o ~ ~  
allow concerted oxadiazine formation (eq 2) by 7r4s + 
r2s addition. Water (which can add to dipolar in- 
termediates) did not affect the formation of 30. There- 
fore, the experimental criteria 1-5 are fulfilled for 
an one-step formation (eq 2) of dihydrooxadia~ines.~~ 
Criterion 6 has not been checked for this reaction 
as yet. 

tion~.60a,68 ,64 

(50) (a) J. Sauer, Angew. Chem., 79, 76 (1967); (b) R .  Huisgen, R. Cras- 
hey, and J. Sauer, in “The Chemistry of Alkenes,” 8. Patai, Ed., Inter- 
science Publishers, Inc., New York, N. Y. ,  1984, p 739. 

(51) R.  Huisgen, Angew. Chem., 7 6 ,  742 (1963). 
(52) E. A. Halevi, P T O ~ ~ .  Phys. Org. Chem., 1, 109 (1963). 
(53) W. R. Dolbier and S.-H. Dai, J. Amer. Chem. Soc., 90, 5029 (1968). 
(54) E. Koerner yon Gustorf, D. V. White, J. Leitich, and D. Henneberg, 

Tetrahedron Lett., 3113 (1969), and references therein. 
(55) R. Hoffmann and R. E. Woodward, J. Amer. Chem. SOC.,  87, 2046 

(1965). 
(56) R. Hoffmann and R. B. Woodward, Accounts Chem. Res., 1, 17 

(1968); R. B. Woodward and R. Hoffmann, Angew. Chem., 81, 797 (1969). 
(57) With the ressrvatio mentalis that  rotation in a (improbable) biradioal 

intermediate should be fast as compared with ring closure.”-61’ 68 

40 
40 
40 
40 
20 
40 
60 

20 
20 
20 
20 
20 
25 
30 

20 
20 

20 
20 
20 
20 
25 
30 

20 

1 . 3  X 10-6 
1 . 1  x 10-6 
3 . 2  x 10-7 
2 . 1  x 10-7 
4 . 2  x 10-7 12.8 f. 0 . 4  -44 3= 2 
1 .8  X 
6 . 6  x 10-8 

2 . 0  x 10-6 
1 . 7  x 10-8 
6 . 0  X 
4 . 4  x 10-6 
3.5  x 10-6 11.0 f. 0 . 8  -46 3= 3 
4 .6  X 
6 . 6  X 10-6 

1.5 
4.9 

1.0 
1.6  X 10-1 
4 . 1  X 10-1 
2 . 3  X 10-1 7 . 2  =k 0.5 -36 =k 4 
3 . 0  X 10-1 
3 . 5  x 10-1 

7 . 8  X lo-* 

Oxadiazine formation by addition of an electron- 
rich C=C bond (dienophile) to the electron-poor 
“diene” N=NC=O can be looked upon as a Diels- 
Alder reaction with inverse electron demand ;60169 in 
accord with this, all attempted 1,Cadditions failed 
with electron-poor olefins. The observed regiospecificao 
addition of indene suggests control by orientation 
phenomena possibly due to a slight polarity of the 
transition state. 47 

A concerted r 2 s  + 7r2s diazetidine formation (eq 3) 
is forbidden by the Woodward-Hoff mann 
and it, indeed, proceeds in a different fashion. A 
dipolar intermediate 38 was trapped with water61 
in the reaction62 of PTD with indene yielding 20. A 

of the secondary a-deuterium kinetic isotope 
effect in the addition of DMAD to ethyl vinyl ether 
revealed an unsymmetric transition state: change of 

(68) P. D. Bartlett, R. Helgeson, and 0. A. Wersel, J. Appl. Chem. (Lon- 

(69) W, E. Bachmann and N. C. Deno, J. Amer. Chem. Sac., 71, 3062 

(60) A. Hassner, J. Org.  Chem., 33, 2684 (1968). 
(61) It could be argued, that water changes the mechanism of this reac- 

tion. This appears very unlikely, sinoe the ratios of the reaction constants in 
acetone and in acetonitrile are very similar with and without water. 

(62) E. Fahr, and J. Flemming, as well as C. F. Huebner and his collabor- 
ators, have obtained 20 from indene and PTD in acetone according to pri- 
vate communications, but were unable to isolate 21. We are grateful to  
Professor Fahr for a copy of the thesis of J. Flemming, Wilrsburg University, 
1967. NOTE ADDED IN PRoon.-Compound 31 was obtained also by H. 
Helfert, Thesis, WUmburg University, 1969. 

don), 16,187 (1968). 

(1949). 
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hybridization. in the direction sp2 --t sp3 had occurred 
a t  =CH, but not a t  =CH(OR). 

Criteria 2-5 would have been in accord with a one- 
step process; an explanation could be “that, in certain 
stepwise cycloadditions by way of a dipolar ion, a 
coulombic orienting force in the first step eliminates 
or greatly diminishes this period in which the system 
searches for :t favorable orientation for ring closure.”48 

It may appear surprising that the orbital symmetry- 
allowed concerted 1,4 addition (eq 2) of azodiformates 
to olefins can be completely overcome by the dis- 
concerted 1,:2 addition (eq 3). However, there are 
 precedent^;^^^^^ there is no reason why the activation 
energy of the 1,2 addition should not be the lower one. 

0 

r 0 

(3) 

J 

38 

What factors are responsible for low activation en- 
ergies of 1,2 cycloaddition? High polarity and polar- 
izability of the olefin and high polarizing power of 
the cyclophile should facilitate the formation of a 
dipolar intermediate. Table VI shows that the electron 
polarizability@ of the C=C bond of mono- and 1,2- 
disubstituted olefins indicates whether 1,2 or 1,4 
addition of azodiformates has to be expected, increased 
polarizability favoring 1,2 addition. More data are 
needed to check possible predictions. The role of 
polarity, e . g . ,  in the reactions of 1,l-disubstituted 
olefins with a2;0diformates,~,’~,~~,~~ will be discussed else- 
where. 

If the coulombic forces between the developing 
charge-carrying centers exceed repulsion early on the 
way from educt to product, the formation times of 
the two new bonds of a diazetidine may overlap to 
some extent (e .g . ,  ethyl vinyl ether + azodiformates). 
A fully developed two-step mechanism may be one 
extreme on a continuous scale with a completely sym- 
metrical transition state as the other extreme. 

Photochemical Reactions.-Illumination X 5 300 
mp of the normally tr~ns-configurated~~ azodiformates in 

(63) P. D .  Bartlett and K. E. Schueller, J .  Amer. Chem. SOC., 90, 6077 
(1968). 

(64) R .  Huisgen and P.  Otto, Tetrahedron Lett., 4491 (1968); G. Binsch, 
L. A. Feiler, and R. Huisgen, ibid., 4497 (1968). 

(65) Difference between the experimentally determined molecular refrac- 
tion and the calculated molecular refraction (using atomic refraction oon- 
stants but omitting the C=C increment). For a detailed discussion of this 
experimental measure of the C=C bond polarizability Bee C. K. Ingold, 
“Structure and Mechanism in Organic Chemistry,” Cornell University 
Press, Ithaca, N. Y., 1953, p 119. 

(66) 1,l-Dimethoxyethylene undergoes substitution with azodiformates; 
E. Koerner von Gustorf and D .  V. White (l969),  unpublished results. 

(67) C. G. LeFBvre, R .  J. W. LeFevre, and W. T. Oh, Aust. J .  Chem. 10, 
218 (1957); R .  J.  W. LeFBvre, W. T. Oh, I .  H. Reece, R. Roper, and R.  L. 

TABLE VI 
EFFECT OF OLEFIN POLARIZABILITY ON 

CYCLOADDITION OF AZODIFORMATES 
Olefin 

Ethyl vinyl ether 
cis-1,2-Dimethoxyethylene 
Vinyl acetate 
Indene 
trans-l,2-Dimethoxyethylene 
Dihydro-1,4-dioxine 
Vinylene carbonate 

Polarizabilitya Cycloaddition 

2.9 1.2 
2 . 3  1.4 and 1.2 
2.1 1 . 4  
2.1b 1.4 
1.7 1 . 4  
1.2 1 .4  
1.1 1.4 

a See ref 65. b Comparability with other values can be acci- 
dental. 

inert solvents results in a partial conversion to cis- 
azodiformates;68 the composition of the photoequili- 
brated mixtures depends on the wavelength used. 
cis Azodiformates are much more reactive in thermal 
cycloaddition reactions than the trans-configurated iso- 

even the products obtained may be differenLB9 
Therefore, the thermal reaction constants of the two 
geometrical isomers with an olefin and the composition 
of the photostationary state have to be known to 
allow a distinction, whether the acceleration is due 
to the photochemical formation of the cis isomer and 
its subsequent fast thermal reaction with the substrate, 
or whether i t  consists in a direct reaction of electroni- 
cally excited azodiformate. 

The rate constantse8 for the thermal reactions of 
cis- and trans-DEAD with indene and ethyl vinyl 
ether are listed in Table VII; the photochemical ac- 
celeration ( P )  of the disappearance of DEAD achieved 
under conditions (X 5370 mp) where only 2-4% 
cis-DEAD was present in the photostationary state 
has been compared with the value (for 3% &-DEAD) 
calculated according to the following expression. 

The intensity of illumination was sufficient to ensure 
that the formation of &-DEAD was fast compared 
with its consumption. 

According to the data given there is no necessity 
to postulate a direct reaction of electronically excited 
azodiformate in both cases. 

Compound 30a is obtained from indene nnd diethyl 
azodiformate in the dark, from the illumination of 
the mixture of bot,h reactants, and from adding indene 
(16%) in the dark to a solution of DEAD, 16% of 
which had been transformed before into &-DEAD 
by appropriate illumination. In  this instance cis- and 
trans-DEAD yield the same product. The higher 
reactivity of cis-DEAD in comparison with the trans 
isomer toward indene can be attributed not only to 
its higher ground state energy, but also to a higher 
population of the cisoid conformations of the N=N- 
C=O system, owing to steric interactions of the OR 
groups in the transoid conformations as revealed by 
an inspection of molecular models. In  this respect 
the azodiformates parallel other dienes, whose re- 

Werner, ibid., 11, 92 (1958); A. Simon and H. Wagner, Naturwissenschaftsn 
47, 540 (1960). 

(68) G. 0. Schenck, H.  R .  Kopp, B.  Kim, and E. Koerner von Gustorf, 
2. Naturforsch. B ,  10, 637 (1965); E. Koerner von Gustorf and D.  Hess, to 
be published, obtained cis-di-t-butyl aaodiformate (95+ %) mp 32-34’. 

(69) R .  Askani, Chem. Ber., 98, 2551 (1965). 
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TABLE VI1 
PHOTOCHEMICAL ACCELERATION P OF THE ADDITION OF DEAD TO INDENE AND ETHYL VINYL ETHER 

DEAD + indene 1.0 x 10-3 4.2 X 10-7 76 75 
Icrrona, (laa), M-1 see-1 Pobada Poelcd kcia(laO), M-1 sec-1 

DEAD + ethyl vinyl ether 6 .2  x 10-4 3.5 x 10-6 3 6 .5  
a Ratio of the disappearance of DEAD (1.4 X Jf in the neat olefins) under illumination (20 and 25 min; xenon high pressure 

lamp OSRAM XBO 2001 with UVG filter Spiegelglas AG Weilheim) to the dark reaction at  20 and 22.5". 

activity in Diels-Alder reactions increases with in- 
creasing population of the cisoid  conformation^.^^,^^^^^ 

While 11 is formed from trans-DEAD and ethyl 
vinyl ether, the reaction of the latter with cis-DEAD 
in the dark, as well as with DEAD under illumination, 
yields similar mixtures of products resulting from hy- 
drogen abstraction reactions, as demonstrated by NH 
absorption in ir; the structures of these products are 
currently being investigated. 

We have not been able to observe any considerable 
acceleration of the addition of PTD to indene by 
illumination (A 2500 mp). This finding points 
against a biradical intermediate in the corresponding 
thermal cycloaddition reaction; it also suggests the 
formation of &-DEAD as being responsible for the 
photochemical acceleration of the reactions discussed 
above. 

The photochemical observations are in accord with a 
concerted nature of the dihydrooxadiazine formation. 
The photochemical cis-trans isomerization of the azodi- 
formates seems to be a much more important process 
than the addition of any electronically excited species 
to  the unsaturated substrate in the systems investi- 
gated. A precedent is the photochemical addition of 
azobenzene to ketene, which consists of the photochem- 
ical formation of cis-azobenzene and its thermal addi- 
tion to ketene; the thermal addition of pure cis-azo- 
benzene to ketene is even slowed by illumination 
owing to the photochemical formation of the unreactive 
trans-a~obenzene.~~ 

Finally it should be noted that instances for reactions 
of electronically excited azodiformates with unsaturated 
substrates are known, e.g., with cy~loheptatriene~,'~ 
or cyc10hexene;7~ in the former case it has been estab- 
lished that the thermal reaction follows a concerted 
path, but th:it the photochemical reaction proceeds 
in two steps. 

Experimental SectionT4 
Methyl 4a,6,7,8a-Tetrahydro-Z-methoxy-4H-p-dioxino [2,3-e] - 

1,3,4-0xadiazine-4-carboxylate (5).-Dioxene'6 (0.71 g, 8.2 

(70) D .  Craig, J. J. Shipman, and R .  B.  Fowler, J .  Amer. Chem. Soc., 
88,2885 (1961). 

(71) G. 0. Schenck and N. Engelhard, Angew. Chem., 68, 71 (1956); 
G. 0. Schenck, Arbeitsgemeinsch. Forsch. Landes Nordrhein-Westfalen, Heft, 
120, 27 (1963). 

(72) E.  Koerner von Gustorf, B, Kim, and D .  Heas, unpublished work. 
(73) G. Ahlgren, B.  Akermark, and K. I .  Dahlquist, Acta Chem. Scand., 

22, 1129 (1968). 
(74) Melting points are uncorrected. Ir spectra were taken with a grat- 

ing spectrometer MH-2, SEM Briickl, Munich, and with a Beckman IR- 
12. The nmr spectra (7 )  were recorded with a Varian' A-60A and HA-100; 
the letter abbreviations used follow: s = singlet, d = doublet, t = trip- 
let, q = quartet, qui - quintet, o = octet, m = multiplet, b = broad; 
tetramethylsilane was used as internal standard. Molecular weights 
were determined cryoscopically or osmometrically (iMechrolah) in benzene. 
Indene, DEAD,  and D M A D  (all supplied by Aldrich) were purified by dis- 
tillation. Illumination techniques have been described by G. 0. Schenck, 
in A. Schanberg "Prilparative Organische Photochemie," Springer-Verlag, 
Heidelberg, 1958, p 210. 

(75) R. K.  Summerbell and R.  R.  Umhoefer, J .  AmeT. Chem. Soc., 61, 
3016 (1939). 

mmol) and 1.0 g (6.9 mmol) of DMAD in 12 ml of benzene were 
illuminated (3500 b) for 67 hr in a Rayonet photochemical cham- 
ber reactor a t  20'. Removal of the solvent from the colorless 
reaction mixture gave 1.6 g of solid material, mp 120-131'. 
Recrystallization from benzene-pentane yielded 0.35 g of pure 
5: mp 133-136"; mol wt 240 (232 mass spectrum); ir (CClr): 
no NH; 1723, 1755 cm-1 (C=O); 1681 cm-1 (C=N). 

Anal. Calcd for CsHlzNzOa (232.2): C, 41.38; H, 5.21; 
N, 12.06. Found: C, 41.59; H, 5.35; N ,  11.93. 

Attempts to hydrogenate 5 catalytically in the presence of 
Raney Ni or Pd-BaS04 in ethyl acetate failed, and the starting 
material could be recovered. 

Methyl 5,6-Dihydro-5,6-carbonato-Z-methoxy-4H-l,3,4-oxadi- 
azine-4-carboxylate (6).-Vinylene carbonate (0.69 g ,  8.0 mmol) 
and 1.0 g (6.9 mmol) of DMAD in 12 ml of benzene were illu- 
minated (as above) for 185 hr. Removal of the solvent and of 
polymeric material gave 0.069 g of 6, mp 114-116', after tedious 
recrystallization from chloroform and toluene: mol wt 232 
(mass spectrum); ir (CHC13): no NH; 1840, 1762, 1730 cm-l 
(C=O); 1680 cm-l (C=N). 

Anal. Calcd for C7HsN207 (232.2): C, 36.22; H, 3.47; 
N, 12.07. Found: C, 36.10; H, 3.60; N, 12.00. 

Methyl trans-5,6-Dihydro-2,5,6-trimethoxy-4H-1,3,4-oxadia- 
zine-4-carboxylate (7).-A solution of 1.25 g (8.5 mmol) of 
DMAD in 3 ml of C6D6 was added dropwise a t  20' to 1.0 g (11 
mmol) of trans-1 ,2-dirnethoxy-ethylend6 (98+ yo by preparative 
glpc) in 3 ml of CsDs. The reaction mixture was almost colorless 
after 30 min. On standing overnight a precipitate appeared. 
All volatile material was removed in vacuo; according to nmr 
analysis the CeDa contained exclusively trans-1,2-dimethoxy- 
ethylene. The residue (2.0 g, 8.5 mmol), mp 126-128", was 
pure (within the limits of nmr) 7 (recrystallization from benzene- 
n-hexane raised the melting point to 128-130'): mol wt 227; 
mass m/e (re1 intensity) 234 (19), 235 (2), 203 (lo), 
175 (l),  159 (2), 149 (2), 118 (17), 89 (6), 88 (loo), 86 (B), 85 
(7), 75 (lo), 73 (18), 70 (4); ir (KBr): no NH, 1727, 1688 
em-' (C=O); 1660 cm-l (C=N). 

Anal. Calcd for CsH14Nz06 (234.2): C, 41.03; H,  6.03; 
N, 11.96. Found: C, 41.20; H ,  6.16; N,  11.98. 

Attempted catalytic hydrogenation of 7 with Raney Ni in 
ethyl acetate failed, and the starting material was recovered. 

Methyl cis-5,6-Dihydro-2,5,6-trimethoxy-4H- 1,3,4-oxadiazine- 
4-carboxylate (8) and Dimethyl cis-3,4-Dimethoxy-l ,Z-diazetidine 
1,2-dicarboxylate (13).-DMAD (0.31 g, 2.1 mmol) in 1 ml of 
CeDe was added to 0.26 g (2.4 mmol) of cis-1,2-dimethoxyethyl- 
ene76 (98+y0 by preparative glpc) in 1 ml of CeD6. Decoloriza- 
tion of the mixture took overnight. All volatile material was 
removed in vacuo; according to nmr analysis the CaDe contained 
exclusively cis-l,2-dimethoxyethylene. The residue, a colorless 
oil (0.52 g, 2.2 mmol), was a 4:  1 mixture of 8 and 13 according 
to nmr. Separation of these two compounds has not been 
achieved as yet: mol wt 260 (234 mass spectrum); ir (CHCla): 
no NH; 1725, 1705 cm-1 (C=O); 1665 cm-l (b) (C=N). 

Anal. Calcd for C~H14N206 (234.2): c ,  41.03; H,  6.03; N, 
11.96. Found: C, 40.87; H, 5.93; N,  11.78. 

Ethyl 6-Acetoxy-2-ethoxy-5,6-dihydro-4H-l,3,4-oxadiazine-4- 
carboxylate (9).-DEAD (5.9 g, 34 mmol) and 28 g (0.33 mol) 
of vinyl acetate were refluxed under argon for 65 hr. The residue 
left after solvent removal was extracted with petroleum ether, 6.5 
g remaining undissolved. The extract gave 3.2 g of a material, 
whose recrystallization from benzene-petroleum ether yielded 2.2 
g (8.5 mmol) of 9: mp 60-62"; mol wt 237; ir (cCI4): no 
NH; 1770, 1750 (sh), 1705 cm-l (C=O); 1675 cm-l (C=N). 

Anal. Calcd for CloHleNzOa (260.3): c ,  46.15; H, 6.20; 
N, 10.76. Found: C, 46.07; H, 6.23; N,  10.78. 

(76) H.  Baganz, K. Praefcke, and J.  Rost, Chem. Ber.. 96, 2657 (1963). 
(77) We are grateful t o  Miss A. Egert for running the mass spectra on an 

The parent ion and at least the ten Atlas CH-4 mass spectrometer (70 eV). 
most intense fragment ions above m / e  60 have been listed. 
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Attempted catalytic hydrogenation of 9 with PtOz or Raney 
Ni in ethyl acetate failed; the starting material was recovered. 

Dimethyl 3-Methoxy-l,2-diazetidine-l,2-dicarboxylate (10) .- 
A solution of 2 .O g (14 mmol) of DMAD and 82 g (1.4 mol) of 
methyl vinyl ether (J. T. Baker Chemical Co.) in 100 ml of 
benzene was decolorized after 4 days at  room temperature. 
After solvent removal 2.7 g of an oil remained, which was purified 
by short-path distillation a t  40-50" and mm, yielding 0.79 g 
(4 mmol) of 10 as a colorless oil: mol wt 208; mass spectrum: 
m/e (re1 intensity) 204 (98), 205 ( l l ) ,  173 (17), 172 (26), 145 
(55), 130 (11), 128 (18), 118 (21), 113 (14), 101 (31), 86 (31), 
85 (17), 75 (loo), 71 (12); ir (CC14): no NH, 1725, 1735, and 
1760 cm-l (C=O). 

Anal. Calcdl for C7H12Nz05 (204.2): C, 41.18; H ,  5.92; 
N,  13.72. Found: C, 41.43; H,  6.17; N, 13.35. 

Dimethyl 3-Ethoxy-l,2-diazetidine-l,2-dicarboxylate (12) .-A 
solution of 2.0 'g (14 mmol) of DMAD and 5.0 g (70 mmol) of 
ethyl vinyl ether (Fluka) became colorless after 2 days at  room 
temperature. The solvent was removed, and 2.4 g (11 mmol) of 
an oil remained, comprising pure 12 according to ir. A part of 
the material wa,s short-path distilled at  Torr and 40-54': 
mol wt 240; mass spectrum: m/e (re1 intensity) 218 (loo), 
186 (16), 159 (21), 145 (37), 104 (16), 89 (57), 86 (26), 85 (30), 
84 (42), 72 (62), 71 (22), 61 (21); ir (CC14): no NH, 1727, 
1764 cm-l (C=O). 

Anal. Calcd for CRHI~NIOS (218.2): C. 44.03: H. 6.47: , ,  _ _ . _ _ ~  
N, 12.84. Found: C, 43.90; H,  6.34;'N, 12.72. 

Diethyl 3-Ethoxy-l,2-diazetidine-l,2-dicarboxylate (ll).-A 
solution of 12.0 g (69 mmol) of DEAD in 50.6 g (0.7 mol) of 
vinyl ethyl ether (Fluka) became colorless after 18 hr a t  room 
temperature. After removal of excess ethyl vinyl ether 16.6 g 
of an oil was left, whose distillation a t  130' yielded 5.3 g (21 
mmol) of 11: bp 108" (3 X mm); nZ0D 1.4581; molwt 246; 
ir (ccl4): no NH; 1715, 1760 cm-l (C=O). 

Anal. Calcd for CloHl~Nz05 (246.3): C, 48.77; H ,  7.37; 
N, 11.38. Found: C, 48.64; H ,  7.22; N, 11.32. 

Since 7.9 g of a brown resin was obtained as residue from the 
vacuum distillation, decomposition of 11 under these conditions 
was suspected, Inspection of the undistilled oil (1 1.1 g, 45 mmol) 
obtained from the reaction of 7.8 g (45 mmol) of DEAD and 22.0 
g (0.31 mol) of ethyl vinyl ether showed this to be pure 11 ac- 
cording to ir and elemental analysis, mol wt 219. 

Anal. Found: C, 48.69; H,  7.32; N, 11.48. 
Diethyl N-(2-Ethoxy-l-ethyl)-bicarbamate (15).-Compound 

11 (3.7 g, 15 mnnol) in 120 ml of ethyl acetate took up 1 mol of 
H2/mol in 7 hr on shaking with HZ-Pt02. Filtration and solvent 
removal gave 3.4 g of colorless oil, distillation of which a t  150' 
yielded 1.9 g (7.7 mmol) of 15: bp 115' (0.5 mm); nZoD 1.4468; 
mol wt 251; ir (CC14): 3410, 3300 cm-l (NH); 1720, 1755 
cm-' (C=O); nmr (ccl4): 2.40 (s, 1 H); 5.85 (9, 4 H), J = 7 
cps; 6.4 (m), 6.51 (q), J = 7 cps, (6 H) ;  8.74 (t), J = 7 cps, 
8.84 (t), J = 7 cps (9 H ) .  

Anal. Calcd for C10H20N205 (248.3) C, 48.38; H,  8.12; 
N, 11.28. Found: C, 48.35; H,  7.90; N,  11.97. 

cis-1-Deuterio-2-ethoxyethylene (36).-Ethoxydeuterio- 
acetylene was olbtained with an isotopic purity of 80% (mass 
spectrum) by using D20 instead of HzO in the slightly modified 
standard procedure'8 

Ethoxydeuterioacetylene (4.1 g, 58 mmol) in 50 ml of methyl 
benzoate took up 1 mol of H2/mol in 45 min on shaking with 5 g 
of aged Raney Ni-H2. Immediate filtration and distillation gave 
2.4 g (33 mmol) of a product, bp 29-36', which contained 36 and 
trans-1-deuterio-2-ethoxyethylene (T) in a 5.1 : 1 ratio, besides 
-27y0 undeuterated ethyl vinyl ether (U), according to  the 
gravimetric determination of the area underneath the C=C(O)Hx 
signals in the expanded nmr spectrum (neat). 36: 3.54 (t), 
3.65 (t), J,, = 7 cps, JD, = 2.2 CPS. T: 3.48 (obsc), 3.72 
(obsc). u: 3.41, 3.52, 3.64, 3.76, J,, = 7 Cps, J b x  = 14 Cps. 

A solution of 0.56 g (7.8 mmol) 36 and 0.25 g (1.7 mmol) of 
DMAD in 12 ml of benzene became colorless in 4 days a t  room 
temperature and yielded 0.39 g (1.8 mmol) of adduct after solvent 
removal. This adduct contained according to nmr analysis (as 
above) 12-D1, the corresponding trans adduct in a 5.5: 1 ratio, 
and 12. 

(cis-l,2-Dideuterio)-2-ethoxyethylene (37).-A solution of 4.4 
g (63 mmol) of ethoxyacetylene in 50 ml of methyl benzoate was 

(78) E. R. H. Jones, G .  Eglinton, M. C. Whiting, and B. L. Shaw, Ore. 
We extracted the crude ethoxyacetylene from the Sun., 84,  46 (1954). 

reaction mixture with n-butyl ether instead of distilling it at looo. 

shaken with Dz-Raney Ni up to a consumption of 1 mol of D2/ 
mol. Distillation after filtration gave 1.7 g of product, bp 31- 
34', which consisted mainly of 37: nmr (neat) 1 olefinic H a t  
5.90 (t), JDH = 2.2 CPS. 

The reaction of 1.0 g (13 mmol) of 37 with 0.25 g (1.7 mmol) of 
DMAD in 10 ml of benzene gave after 2 days a t  room tempera- 
ture 0.36 g of adduct, with 1 H (four-membered ring) a t  5.94 

2,3,4a,5,6,6a-Hexahydrodiazeto [3,4-b] dioxindicarboxylic Acid 
N-Phenylimide (14).-Solutions of 1 .O g (12 mmol) of dioxene 
in 80 ml of toluene and of 2.32 g of PTD (13 mmol) in 250 ml of 
toluene were both added dropwise to 100 ml of toluene with 
magnetic stirring a t  -40 to  -60" over a period of 5 days. 
A white precipitate (1.76 g) was separated by filtration. Ex- 
traction of the material with CHCla left 0.54 g (2.1 mmol) of 
14 undissolved: mp 208-212'; mol wt (acetone) 279; mass 
spectrum: m/e (re1 intensity) 261 ( l l ) ,  149 (4), 142 (4), 120 
(9), 119 (59), 92 (l5),  91 (22), 87 ( l l ) ,  86 (loo), 85 (46), 83 (69), 
78 (22); ir (KBr): no NH; 1702, 1729, and 1790 cm-1 (C=O). 

Anal. Calcd for ClZHl1NaO4 (261.2): C, 55.17; H, 4.24; 
N, 16.08. Found: C, 54.84; H,4.25; N,  15.98. 

I-( l,4-Dioxan-2-yl)-4-phenyl-l,2,4-triazolidine-3,5-dione (16). 
-Compound 14 (0.22 g, 0.8 mmol) in ethyl acetate was shaken 
for 8 hr with Hz-Raney Ni. Cumbersome recrystallization of the 
residue, after filtration and solvent removal, gave 15 mg of 16: 
mp 155-158' (from benzene-CHCla-n-hexane); mass spectrum: 
m/e (re1 intensity) 263 (28), 228 (lo), 177 (43), 168 (13), 149 
(31), 119 (61), 91 (37), 88 (61), 87 (98), 86 (loo), 84 (35), 77 
(31), 73 (47), 69 (33); ir (KBr): 3300 cm-l (NH); 1695-1720, 
1788 cm-l (C=O). 

Anal. Calcd for CizHiaNaO4 (263): C, 54.75; H,  4.98; N,  
15.96. Found: C, 54.90; H, 5.60; N, 16.19. 

1,2,2a,7b-Tetrahydro-3H-indeno[2,l-c] 1,2-diazete-l,2-dicar- 
boxylic Acid N-Phenylimide (21).-A solution of 5.0 g (29 mmol) 
of PTD26 in 350 ml of benzene was added dropwise a t  5-10' to 
34 g (0.29 mol) of indene under an argon atmosphere. Compound 
21 (2.88 g, 10 mmol) precipitated overnight on standing a t  
410': mp 166-167.5' (from CHCls); mol wt 281; mass 
spectrum: m/e (re1 intensity) 291 (23), 177 (27), 130 (lo),  129 
(43), 120 (18), 119 (loo), 115 (14), 91 (42), 78 (15), 77 (17), 
64 (29). 

Anal. Calcd for CI7HlaN3O2 (291.3): C, 70.09; H,  4.50; 
N, 14.42. Found: C, 69.85; H,  4.61; N, 14.18. 

l-(2-Indanyl)-4-phenyl-l,2,4-triazolidine-3,5-dione (19) .- 
Compound 21 (1.03 g, 3.4 mmol) in ethyl acetate yielded 0.93 g 
(3.2 mmol) of 19 on shaking with H2-Raney Ni: mp 166.5-168' 
(from benzene+-hexane); mass spectrum: m/e (re1 intensity) 
293 (3), 179 (4), 178 (36), 177 (14), 149 (5), 119 (4), 118 (4), 
117 (41), 116 (loo), 115 (18), 103 (4), 91 ( l l ) ,  78 (9), 77 (5); 
ir (KBr): 3060, 3160 cm-1 (NH); 1675, 1770 cm-l (C=O); 
nmr (CDCls): 2.57 (s, 5 H) ;  2.76 (b s, 1 H) ;  2.85 (s, 4 H); 
4.95 (qui, 1 H), J = 7.7 cps; 6.83 (q ,4  H). 

Anal. Calcd for C17H15NaOz (293.3): C, 69.61; H,  5.15; 
N,  14.33. Found: C, 69.39; H,  5.21; N,  14.33. 

1-( l-Hydroxy-2-indanyl)-4-phenyl-l,2,4-triazolidine-3,5-dione 
(20).-Compound 21 (0.50 g, 1.7 mmol) was dissolved in 43 ml 
of acetone containing 1.5 ml of concentrated aqueous HC1, and 
kept for 5 days a t  room temperature. After solvent evaporation 
and extraction with benzene 0.19 g (0.6 mmol) of benzene- 
insoluble 20 remained: mp 205-207" (from CHC13); mol wt (in 
CHCla) 312; mass spectrum: m/e (re1 intensity) 309 (2), 291 
(18), 178 ( l l ) ,  133 (12), 132 (go), 119 (2l) ,  117 (lo), 116 (loo), 
115 (17), 91 (15), 83 (14); ir (KBr): 3450 cm-1 (OH): 3060. 

(CDCls). 

3140 cm-l (NH); 1685, 1710, 1768 cm-l (C=O); nmr [iCD3)2L 
CO]: 2.6 (m, 10 H); 4.45 (d, 1 H )  J = 8 cps; 5.28 (b, q, 1 H); 
6.77 (b, d, 2 H);  7.2 (b, 1 H). 

Anal. Calod for C I ~ H I ~ N S O ~  (309.3): C, 66.01; H ,  4.89; 
N, 13.58. Found: C, 65.52; H,  4.90; N, 12.92. 

Reaction of PTD with Indene in the Presence of Water.-A 
solution of 1 .O g (5.7 mmol) of PTD in 50 ml of dry acetone was 
added dropwise to a solution of 0.70 g (6.0 mmol) of indene in 
50 ml of acetone containing 3y0 water. After 1 hr the solvent 
was removed and 0.53 g (1.7 mmol) of benzene insoluble 20 
remained (mp 206-208' from CHC1s-n-hexane). I ts  identity 
with the product fron the acid hydrolysis was proven by melting 
point and ir. 

Anal. Calcd for C1J&"Oa (309.3): C, 66.01; H,  4.89; 
N, 13.58. Found: C, 65.71; H,  4.93; N, 13.41. 

In  a control experiment 0.50 g (1.7 mmol) 21  was dissolved in 
50 ml of acetone containing 3% water, and kept for 6 hr a t  room 
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temperature. Extraction with benzene after solvent removal did 
not yield any insoluble material; from the benzene solution 0.49 
g of 21, mp 166-168", identical with the starting material accord- 
ing to ir, was recovered. 

LiAlH4 Reduction of 21-Compound 21 (4.15 g, 14 mmol) in 
300 ml of benzene was added dropwise to 10.8 g (0.3 mol) of 
LiAIH, in 500'ml of anhydrous ether. After refluxing for 1 hr 
excess LiAlH4 was destroyed with water; the filtrate, dried over 
NazS04, yielded 2.06 g of a brown oil after solvent removal. 
A colorless liquid (0.73 g) could be separated from this oil by 
short-path distillation at  room temperature and 10-2 mm in an 
apparatus equipped with a liquid NZ cooled finger; glpc showed 
it to be a mixture of N-methylaniline (93'%), indene (4.1 %), 
aniline (1.7 %), and N,N-dimethylaniline (<0.5 %). The 
residue from this distillation was separated by extraction into a 
pentane-soluble fraction (a) and a pentane-insoluble fraction (b). 

Very cumbersome recrystallization of tarry fraction a gave 3 
mg of colorless 1,2,3,3a,4,8b-hexahydro-l-(or 3)methylindeno- 
[2,l-d]imidazole (22), mp 75-85" dec (from pentane). At- 
tempted purification by tlc was inadequate owing to decomposi- 
tion: mass spectrum: m/e  (re1 intensity) 174 (26), 173 (42), 
145 (69), 144 (loo), 132 (24), 131 (28), 130 (50), 116 (21), 115 
(33), 78 (20), 77 (22); ir (KBr): 3220 cm-1 (NH); 2780, 2840 
cm-l (NCHI, NCHZ); no C=O; nmr (CDCla, microcell): 
2.7 (m, 4 H ) ;  5.2 (d, 1 H) ,  J FJ 6-7 cps; 6.2 (m, 1 H); 6.7 (m), 
6.95 (b, s, 4 H);  7.6 (s), 7.7 (b, 4 H). 

From the pentane-insoluble dark brown oil (b) -30 mg of color- 
less I12,2a,7b-tetrahydro-3H-indeno [2, I-c] 1,2-diazete-l-carbox- 
anilide (23) could be separated by crystallization a t  <lo'; it 
was purified by washing with benzene: mp 137-139'; mass 
spectrum:78 m/e (re1 intensity) 265 (2), 130 (32), 129 (43), 
119 (47), 117 (28), 116 (loo), 115 (44), 102 (23), 93 (31), 91 
(28), 78 (15), 77 (15), 64 (19), 63 (17); calcd for CI~HI~NIO:  m/e  
265.1215; found: m/e 265.1212 and 265.1215; ir (KBr): 
3300, 3180 cm-' (NH); 1662 cm-l (C=O); 1515 cm-l (amide 
I1 band); nmr (CDC1,): 2.07 (b, 1 H) ;  2.6 (m, 9 H); 4.15 (d, 
1 H)  J = 5.5 cps; 5.0 (b, m, -2 H); 6.75 (m, 2 H) .  

Photochemical Formation of 4a,gb-Dihydrol-ethoxy-4H- 
indeno[2,l-e] -1,3,4-oxadiazine-4-carboxylic Acid Ethyl Ester 
(30a).-DEAD (20.1 g, 0.116 mol) and 40.0 g (0.345 mol) of 
indene were irradiated for 28 hr a t  room temperature using a high 
pressure xenon lamp Osram XBO-2001 placed in a Friesecke and 
Hoepfner cinema projector FH-X-66. The colorless reaction 
mixture yielded 30.5 g (0.105 mol) of 30a, mp 105-106.5O, on 
trituration with pentane: mol wt 305; mass spectrum: m/e  
(re1 intensity) 290 (23), 291 (4), 171 (3), 149 (4), 130 (3), 129 
(3), 117 (17), 116 (IOO), 115 (16), 105 (3), 78 (3); ir (Table IV): 
no NH; uvmax (CHIOH): 36930 cm-l (e 758), 37900 (850), 
39000 (820). 

Anal. Calcd for C16H1804N~ (290.3): C, 62.06; H, 6.25; N, 
9.65. Found: C, 62.10; H,  6.30; N, 9.59. 

Photochemical Formation of 4a,9b-Dihydro-2-methoxy-4H- 
indeno 12, I-e] - 1,3,4-oxadiazine-4-carboxylic Acid Methyl Ester 
(30b).-Illumination of 12.9 g (89 mmol) of DMAD and 158 g 
(1.36 mol) of indene for 48 hr with an immersed high pressure 
mercury lamp HPK 125 W (Solidex filter) at 20' gave 24 g of 
residue after removal of indene at  100' in vacuo. Extraction of 
the residue with 800 ml of pentane yielded 7.0 g (27 mmol) of 
3Ob: mp 110-112" (from CCl4-pentane); mol wt 259; mass 
spectrum: m/e (re1 intensity) 262 (27), 263 (5), 149 (6), 129 
(6). 117 (14). 116 (loo), 115 (21), 103 (2), 91 (21, 77 (2), 65 (2); 
ir (Table IV): no NH. 

10.68. Found: C, 59.30; H,  5.29; N,  10.71. 
Anal. Calcd for C1sH14NzOt (262.3): C, 59.54; H,  5.38; N, 

Addition of Diethyl cis-Azodiformate (ck-DEAD) to Indene .- 
Illumination (40 hr, 3500 A; Rayonet preparative photochemical 
reactor RPR-208) of 6.0 g (34 mmol) of DEAD in 500 ml of 
benzene a t  20' afforded 0.64 g (3.7 mmol) of &-DEAD according 
to titration with cyclopentadiene.Bs Reaction of this solution 
with 1.0 g (8.6 mmol) of indene in the dark yielded 1.0 g (3.5 
mmol) of 30a, mp 104-105.5', its ir was identical with that of 
the photochemically prepared material. 

Pyrolysis of 3Oa.-Compound 30a (2.1 g, 7.3 mmol) was heated 
in vacuo to 300' with a bunsen burner. The reaction products 
were collected from the trap and the flask by rinsing with pentane; 
besides 0.42 g (1.4 mmol) of unreacted 30a 0.48 g (4.1 mmol) of 
indene (identified by glpc) ww obtained. 

(79) High-resolution mass spectrum performed on a MS-9 through the 
courtesy of Dr. G. Sohaden. 

Diethyl-(2-1ndanyl)bicarbamate (29).-Compound 30a (8.7 
g, 30 mmol) in 300 ml of ethyl acetate gave quantitatively 29 on 
shaking with H2-Pt0~: mp 68-74'; mol wt 291; mass spectrum: 
m/e  (re1 intensity) 292 (0.4), 177 (9), 176 (16), I50 (5), 130 (13), 
117 (25), 116 (loo), 115 (S), 104 (14), 103 (6), 91 ( 5 ) ;  ir (KBr): 
3285 cm-l (NH); 1710, 1750 cm-1 (C=O); 1517 cm-1 (amide 
I1 band); nmr (CCL): 2.97 (s), 3.1 (b, 4 H); 4.97 (qui, 1 H), 
J = 8 cps; 5.88 (q), 5.95 (9, 4 H); 6.98 (d, 2 H) ,  J = 8 cps; 
8.79 (t), 8.82 (t, 6 H). 

Anal. Calcd for C ~ ~ H Z O N ~ O ~  (292.3): C, 61.63; H, 6.90; N ,  
9.58; 1 act H,  0.34. Found: C, 61.45; H,  7.02; N, 9.29; 
act H,  0.44. 

Ethyl 3-(2-Indanyl)-3-methylcarbazate (27) .-Compound 29 
(1.29 g, 4.4 mmol) in 15 ml of benzene and 50 ml of ether were 
added to 0.75 g (20 mmol) of LiAlH4 in 80 ml of ether. Refluxing 
for 2 hr, destruction of excess LiAIHc with water, filtration, and 
drying over K z C O ~  gave 0.77 g (3.3 mmol) of 27: mp 79-80" 
(from benzene-pentane); mol wt 231; ir (CC14): 3460, 3270 
cm-l (NH); 1750, 1735, 1705 cm-1 (C=O), 1500 cm-1 (amide 
I1 band); nmr (cc14): 3.00 (s, 4 H); 3.40 (b, s, 1 H); 5.95 (4, 
2 H), J = 7 cps; 6.25 (m, 1 H); 7.11 (b, d, 4 H), J = 7.5 cps; 
7.41 (8,  3 H); 8.81 (t, 3 H), J = 7 cps. 

Anal. Calcd for C13H18Nz02 (234.3): C, 66.64; H,  7.74; N, 
11.96. Found: C, 66.95; H ,  7.95; N,  11.95. 

2-( 1,2-Dimethylhydrazino)-l-indanol (28).-Compound 30a 
(5.85 g, 20 mmol) in 40 ml of benzene and 100 ml of ether was 
added to 3.90 g (0.1 mol) of LiAlH4 in 150 ml of ether. After 
2 hr refluxing, work-up with water, drying over KZC03, and 
solvent removal 3.05 g (16 mmol) of 28 remained: mp 67-75" 
(from benzene-pentane); mol wt 186; mass spectrum: m/e  
(re1 intensity) 192 (86), 193 (12), 162 (15), 144 ( l l) ,  133 (16), 
132 (12), 119 (18), 117 (14), 116 (loo), 115 (18), 105 (18), 103 
(16), 91 (30), 77 (23), 73 (98); ir (CC14): 3430 cm-l (OH); 
3200cm-1 (NH); 2780, 2830 cm-1 (NCHs); nmr (cc14): 2.9 
(m, 4 H ) ;  5.14 (d, 1 H),  J = 4.5 cps; 6.9 (m, 2 H) ;  7.1 (m, 
3 H ) ;  7.51 (s, 3 H ) ;  7.54 (s, 3 H). 

Anal. Calcd for C I I H ~ ~ N ~ O  (192.3): C, 68.72; 13, 8.39; N,  
14.57; 2 act H,  1.04. Found: C, 68.50; H,  8.60; N, 14.48; 
act H, 1.03. 

Diethyl (1-Hydroxy-2-indany1)bicarbamate (31) and Ethyl 3- 
(2,3,3a,8b - Tetrahydro -2-oxo-4H-indeno [2,1-d]oxazolyl)carba- 
mate (32).-Finely powdered 30a (4.9 g, 17 mmol) was added 
with stirring over a period of 30 min to 27.5 ml of concentrated 
HzSO4, kept in an ice bath. After 20 more min the dark red 
solution was slowly poured into 650 g of ice-water. The mixture 
was allowed to warm up to room temperature and 0.3 g of a 
slimy precipitate was removed by filtration. Two fractions of 
crystals separated from the clear filtrate during 6 days a t  room 
temperature: (a) 0.42 g, mp 1l5-13Oo, on the surface of the 
solution, and (b) 1.74 g, mp 105-125", on the bottom of the 
flask. Recrystallization of a from benzene-n-hexane gave 31: 
mp 123-126'; mol wt 310; mass spectrum: m/e  (re1 intensity) 
308 (4), 290 (8), 218 (ll), 177 (29), 176 (94), 150 (40), 149 (12), 
145 (12), 132 (71), 130 (37), 116 (49), 115 (43), 104 (26), 91 
(12), 84 (loo), 69 (23); ir (KBr): 3400 cm-1 (OH); 3230 cm-l 
(NH); 1755, 1687 cm-' (C=O); 1550 cm-l (amide 11); nmr 
(CDCls): 2.7 (m, 5 H); 4.70 (b, d, 1 H), J = 8-9 cps; 5.23 
(m, 1 H) ;  5.76 (9, 4 H), J = 7 cps; 6.05 (b, -1 H) ;  6.97 (m, 
2 H); 8.72 (t 6 H), J = 7 cps. 

Anal. Calcd for ClsHzoNpOs (308.3): C, 58.43; H, 6.54; 
N, 9.09. Found: C, 58.25; H,  6.51; N,9.02. 

Recrystallization of fraction b from benzene-n-hexane yielded 
1.14 g (4.4 mmol) of 32: mp 131-132'; mol wt 275; mass spec- 
trum: m/e  (re1 intensity) 262 (e), 218 (59), 145 (12), 130 (31), 
129 (41), 126 (21), 117 (22), 116 (44), 115 (29), 113 ( l l ) ,  84 
(loo), 69 (18); ir (KBr): 3250 cm-' (NH); 1760-1770, 1722- 
1733 cm-1 (C=O); 1535 cm-l (amide I1 band); nmr (CDClr): 
2.6 (m, 4 H ) ;  2.9 (b, s, 1 H); 4.12 (d, 1 H), J = 7.5 cps; 5.23 
(m, 1 H); 5.77 (q ,2  H), J = 7 cps; 6.8 (m, 2 H); 8.75 (t,  3 H), 

Anal. Calcd for C18Hl4N20, (262.3): C, 59.54; H, 5.38; 
N, 10.68. Found: C, 59.70; H, 5.20; N, 10.67. 

Acid-Catalyzed Transformation 31 4 32 .-Compound 31 (1 .O 
g, 3.2 mmol) was added over a IO-min period t o  4.9 ml of con- 
centrated HzSO,, kept in an ice bath. The solution was poured 
into 125 g of ice-water, and filtered. After 6 days at  room tem- 
perature 0.23 g (0.9 mmol) of 32, mp 129-131', had precipitated, 
showing ir data as given above. 

Ethyl 3-(2-Indanyl)carbazate (33j.-Compound 32 (1 .O g, 3.8 
mmol) in 150 ml of ethyl acetate yielded on 1.5-hr shaking with 

J = 7cps. 
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H2-Pd-BaS04, after filtration and solvent removal, 0.84 g 
(3.8 mmol) of 33: mp 121-122' (from benzene-n-hexane); 
mol wt 224; ir (KBr): 3310, 3250 cm-l (NH); 1700 cm-l 
(C=O); 1508 (amide 11); nmr (CDCla): 2.86 (s, 4 H); 
3.46 (b, 1 H):  5.83 ( u ) J  = 7 CDS, 6.1 (m, 4 H ) :  7.08 (m, 4 H ) ;  . . .. . .  . .  - .  
8.75 (t; 3 H); J = 7 ips. 

12.72. Found: C,  65.42; H, 7.24; N, 12.75. 
Anal. Calcd for ClzHlaNzOz (220.3): C, 65.43; H, 7.32; N, 

Synthesisso of Ethyl 3-(2-Indanyl)carbazate (33) .-Addition of 
0.5 ml of glacial acetic to a solution of 5.0 g (38 mmol) of 2- 
indanone81 and 4.3 g (41 mmol) of ethyl carbazate (purum Fluka) 
in 75 ml of ethanol (95%) at  50' gave the precipitation of 6.0 g 
(28 mmol) of 2-indanone-N-carbethoxyhydrazone (34) in 5 min: 
mp 176-177" (from benzene-acetone*-hexane), lit?o mp 168- 
169.5'; mol wf, (acetone) 215; ir (KBr): 3200, 3120 cm-l 
(NH); 1700, 1655 cm-l (C=O, C=N); nmr (CDCla): 2.0 
(b, 1 H);  2.79 (E, 4 H); 5.70 (q, 2 H), J = 7 cps; 6.25 (m, 4 H ) ;  
8.67 (t, 3 H), J = 7 cps. 

Anal. Calcd for ClzHlrNnOa (218.3): C, 66.04; H, 6.47; N, 
12.84. Found: C, 65.83; H, 6.47; N, 12.57. 

Compound 34 (1.0 g, 4.6 mmol) in 75 ml of ethanol and 25 ml 
of glacial acetic acid was shaken with Hz-Pt-charcoal for 3.5 
hr. Filtration, solvent removal in vacuo, and recrystallization 
of the remaining product from benzene-n-hexane afforded 0.38 g 
(1.7 mmol) of 33: mp 121-122', mp 120-120.5'; mol wt 
227. 

Anal. Calcd for ClzHleNzOz (220.3): C, 65.43; H, 7.32; N, 
12.72. Found: C, 65.10; H, 7.07; N, 12.78. 

Compound 33, synthesized following this procedure, was identi- 
cal with the product from the catalytic hydrogenation of 32 
according to ir, nmr, and mixture melting point. 

Kinetic Measurements.-Absorption spectroscopy (uv) a t  
24400-24700 cm-l (DEAD) and 18400 cm-l (PTD) was used 
to monitor the concentrations of DEAD and PTD in all the 
kinetic runs. Tlhe measurements were carried out with a Zeiss 

(80) G .  P. Marshall, P. A. McCrea, and J. P.  Revell, British Patent 

(81) J .  E. Horan and R. W. Sohieasler, Org. Syn., 41, 53 (1961). 
1,019,363; Chem. Abstr., 64, 1 2 6 2 0 ~  (1966). 

spectrophotometer PMQ I1 in 1-cm water-jacketted cells. 
Temperature was controlled to &0.1' with a Haake ultra- 
thermostat. The following initial concentrations were used 
in various solvents (Table V): system DEAD-indene, 2 x 10-2 
M DEAD-1.4 M indene; system DEAD-ethyl vinyl ether, 
2 X 10+ M DEAD-1.4 M ethyl vinyl ether; system PTD- 
indene, 7 X lo-* M PTD-7 X 10+ M indene. All runs were 
a t  least duplicated. 

Standard equations and graphic methods were applied to 
determine the orders of reaction, rate constants, and activation 
parameters. The maximum error observed for the rate constants 
was f 7%; i t  was only exceeded for PTD + indene in aceto- 
nitrile (&16y0). 

Registry N0.-5, 23358-00-1 ; 6, 23358-01-2; 7, 
23358-02-3; 8, 23358-03-4; 9, 23358-04-5; 10, 23358- 
05-6; 11, 23358-06-7; 12, 23358-07-8 ; 12-D1, 23358- 
08-9; 13, 23358-09-0; 14, 23358-10-3; 15, 23358-11-4; 
16, 23358-12-5; 19, 23358-13-6; 20, 23358-14-7; 21, 
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Acyclic and cyclic compounds containing the a-dioxime grouping are converted into mixtures of 3,4-disub- 
stituted and fused 1,2,5-thiadiazoles and the corresponding N-oxides by reaction with sulfur dichloride. 

Although furoxans (1) have been known for a long 
time, the corresponding 1,2,5-thiadiazole N-oxides (2) 
have not been definitely recognized. The reaction of 

1,x=o 
2,x=s 

o-benzoquinone dioxime with sulfur dichloride has been 
reported,' but the structure of the reaction product was 
not determined unequivocally; the structures that 
were proposed are that of an N-oxide (3) and S-oxide 

3 4 

(4) ; formation of 2,1,3-benzothiadiazole (5 )  was not 
observed. 

Previous investigations of the action of sulfur mono- 
chloride and sulfur dichloride on aliphatic compounds 
containing an NCCN grouping also involved oximes and 
a-dioximes. a-Isonitrosocyanoacetamide and a-isoni- 
trosophenylacetonitrile were converted into 3-cyano- 
4-hydroxy-1,2,5-thiadiaxolea (6) and 3-chloro-4-phenyl- 
1,2,5-thiadiazoleJ3 (7), respectively, while glyoxime and 

6, R1 = CN; R2 = OH 

8, R* = RZ = H and/or C1 
7, R' = C1; R2 = CGH, 

9, R' = R2 = CH3 
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