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n i t r i le  yielded 140 m g  (34%) o f  5a as a whi te  amorphous solid. An 
addi t ional  recrystallization afforded analyt ical ly pure 5a: mp 
148.5-150' (uncor.); nmr (DMSO-ds) 6 4.10 (br s, 2), 4.46 (d, 2, J 
= 8.5 Hz), 6.35.(t, 1, J = 8.5 Hz), 7.47 (m, 5), 8.13 (broad peak, 3); 
nmr (DzO) 6 4.34 (br s, 2), 4.40 (d, 2, J = 8.5 Hz), 6.43 (t, 1, J = 8.5 
Hz), 7.56 (s, 5); ir (KBr) 3020-2600, 1595-1580, 1490, 1200, 1110, 
760, 690 cm-l;  u v  max (E tOH)  252 nm ( e  11,700). Anal. Calcd for  
C10HlSNBr2; C, 39.12; H, 4.27; N, 4.56. Found: C, 39.24; H,  4.26; N, 
4.51. 
(Z)-l-Amino-4-chloro-2-phenyl-2-butene Hydrochloride 

(5b). Gaseous H C l  was rap id ly  passed through a solut ion of 2-phe- 
nyl-2-vinylazir idine (1) (200 mg, 1.4 mmol)  in 20 ml of  ether. A 
pale orange precipitate (200 mg) which was obtained afforded 120 
m g  (40%) of 5b upon recrystal l izat ion f rom acetonitrile. One addi -  
t ional  recrystallization gave analyt ical ly pure 5b: mp 154-155' 
(uncor); nmr (DMSO-de) 6 4.03 (br  s, 2), 4.56 (d, 2, J = 8 Hz), 6.24 
(t ,  1, J = 8 Hz), 7.46 (m, 5), 8.45 (broad peak, 3); nmr (DzO) 6 4.18 
(br s, 2), 4.35 (d, 2, J = 8 Hz), 6.18 (t,  1, J = 8 Hz), 7.43 (s, 5); ir 
(KBr) 3000-2610, 1590, 1210, 1110, 1000-990, 770, 696 cm-l;  u v  
max (E tOH)  245 nm ( e  11,600). Anal. Calcd for  CIoH13NC12: C, 
55.06; H, 6.01; N, 6.42. Found: C, 54.56; H, 5.95; N, 6.40. 

Neutralization of 5a. T h e  hydrobromide 5a (60 mg, 0.20 mmol)  
was dissolved in DMSO and treated w i t h  NazC03 as described 
below for 5b. Following the  usual workup procedure, the nmr spec- 
trum of the  crude product  showed t h a t  1 and 3 were present in a 
rat io  of 1:l. Approx imate ly  10% of other impur i t ies  were also pres- 
ent. 

Neutralization of 5b. A solut ion o f  5b (60 mg, 0.28 mmol )  in 0.6 
ml of DMSO (or alternatively, 2 ml of HzO) was rap id ly  added t o  a 
solut ion of 0.4 g of Na2C03 in 20 ml o f  water w i t h  stirring. St i r r ing 
was continued for 10 min. T h e  mix tu re  was extracted w i t h  CH2Clz. 
T h e  extracts were combined, dr ied over KzC03, and evaporated in 
uacuo. A n  nmr spectrum o f  the crude product  showed the pres- 
ence o f  on ly  two compounds, 1 and 3. T h e  rat io  o f  1 t o  3 was 6:5 by 
nmr assay. 

Acknowledgments. We thank the Alfred P. Sloan 
Foundation, the National Science Foundation, and the do- 
nors of the Petroleum Research Fund, administered by the 
American Chemical Society, for financial support. 

Registry No.-1, 52906-57-7; 2, 52906-58-8; 3, 52906-59-9; 3 
HBr, 52906-60-2; 5a, 52951-32-3; 5b, 52906-61-3; exo -2-methyl-3- 
phenyl-1-azabicyclobutane, 35903-66-3; 2,2-dimethyl-3-phenyl-l- 
azabicyclobutane, 35903-67-4; diisopropylamine, 108- 18-9. 

References and Notes 
(a) E. L. Stogryn and S. J. Brois, J. Amer. Cbem. Soc., 89, 605 (1967); 
(b) A. Mishra, S. N. Rice, and W. Lwowski, J. Org. Cbem., 33, 481 
(1968); (c) L. Ferrero, M. Rouiliard, M. Decouzon, and M. Azzaro, Tetra- 
hedron Lett., 131 (1974). 
(a) R. S. Atkinson and C. W. Rees, Cbem. Commun., 1230 (1967); (b) P. 
Scheiner, J. Org. Cbem., 32, 2628 (1967); (c) see ref lb .  
A. G. Hortmann and D. A. Robertson, J. Amer. Cbem. Soc., 94, 2758 
(1972). 
See e.g., W. H. Saunders, Jr., and A. F. Cockerill, "Mechanisms of Elimi- 
nation Reactions," Wiley-interscience, New York. N.Y., 1973, pp 3, 4. 
Several N-substituted 2-vinylaz nes have been studied in this regard: 
see ref l b  above and also (a) R. S. Atkinson and C. W. Rees, Cbem. 
Commun. 1232 (1967); 631 (1968); J. Cbem. SOC. C, 778 (1969); (b) T. 
L. Gilchrist. C. W. Rees, and E. Stanton, ibid., 3036 (1971). No simple N- 
unsubstituted 2-vinylaziridines have been observed to rearrange in this 
manner. Conversion to h'-pyrrolines has also been observed: D. Borel, 
Y. Gelas-Mialhe, and R. Vessiere, C. R. Acad. Sci., Ser. C, 278, 1393 
(1974). 
(a) W. von E. Doering and J. 6. Lambert, Tetrahedron, 19, 1989 (1963); 
(b) C. S. Elliott and H. M. Frey, J. Cbem. SOC., 4289 (1965); (c) M. R. Will- 
cott and V. H. Cargle. J. Amer. Cbem. SOC., 89, 723 (1967); 91, 4310 
(1969); (d) J. W. Swenton and A. Wexler, ibid., 93, 3066 (1971), and ref- 
erences cited. 
it is noteworthy that the existence of the concerted " S N ~ '  " mechanism 
is in dispute: see F. G. Bordwell, Accounts Cbem. Res., 3, 281 (1970); F. 
G. Bordweii and T. G. Mecca, J. Amer. Cbem. SOC., 94, 5829 (1972); P. 
E. D. de ia Mare and C. Vernon, J. Cbem. SOC. B, 1699 (1971); J. A. 
Hemmingson and 6. D. England, ibid., 1347 (1971). 
A number of reports concerned with formation of a cyclopropyl ring in 
homoallylic systems by an intermolecular SN2'-type mechanism have 
appeared: see M. Hanack and K. Gorler, Cbem. Ber., 96, 2121 (1963), 
and references cited; M. Hanack. et a/., Justus Liebigs Ann. Cbem., 717, 
4 1 (1968). For examples of vinylcyclopropane and vinylbicyclobutane for- 
mation via intramolecular SN2' reactions, see D. Schonleber, Cbem. 
Ber., 102, 1789 (1969); H. K. Hall, Jr., and R. E. Yancy, 111, J. Org. Cbem., 
39, 2862 (1974). 
Al l  melting points and boiling points are uncorrected. The following spec- 
trometers were used: nmr, Varian A-60A; ir, Perkin-Elmer 457; uv, Cary 
14. Microanalyses were performed by Galbraith Laboratories, Knoxville, 
Tenn. 

Bridgehead Nitrogen Heterocycles. VITI. Dimroth 
Rearrangement of 3H -1,2,4-Thiadiazolopyrimidinesl 

K. T. Potts* and J. Kane 

Department of Chemistry, Rensselaer Polytechnic Institute, 
Troy, New York 12181 

Received July 22,1974 

In a recent publication2 the reaction of perchloromethyl 
mercaptan with 2- and 4-aminopyrimidines to give deriva- 
tives of the 3H-1,2,4-thiadiazolo[4,3-a]- and -[4,3-c]pyri- 
midine systems 1 (R = substituted-2-pyridyl or aryl) and 2 
was described. Ring closure to the isomeric 2H-1,2,4- 
thiadiazolo[2,3-a]- and -[2,3-c]pyrimidine systems 3 (R = 
substituted-2-pyridyl or aryl) and 4 was excluded on the 
basis of the similar spectral characteristics of 1 and 2 and 
the 3H-1,2,4-thiadiazolo[4,3-a]pyridine3 system. Confir- 
mation of the initial structural assignments has now been 
obtained by the isolation and characterization of systems 3 
and 4 by Dimroth-type rearrangement4a of 1 and 2 and by 
the independent synthesis of 3. 

Dimroth-type rearrangements have been reporteddb in a 
variety of ring-fused pyrimidine systems and the s -tria- 
zolo[4,3-a]- and -[4,3-c]pyrimidine systems have been 
found to undergo facile rearrangement in either acid or al- 
kaline m e d i ~ m . ~ , ~  I t  was therefore anticipated that systems 
3 and 4 could be prepared by the Dimroth-type rearrange- 
ments of 1 and 2 and, indeed, treatment of 3-(2-pyridylim- 
ino)-3H -1,2,4-thiadiazolo[4,3-a]pyrimidine (1, R = 2-pyri- 
dyl) with either 10% ethanolic HCI or 10% ethanolic NaOH 
resulted in the formation of 2-(2-pyridylimino)-2H-1,2,4- 
thiadiazol0[2,3-~]pyrimidine (3 ,  R = 2-pyridyl). 

NR 3 
1 7 

5 6 
R = 2-pyridyl 

The structure of 3 is based on the close relationship of its 
spectral data7 to that of 5 (R = 2-pyridyl) and on its alter- 
native synthesis by the sulfuryl chloride oxidation of thio- 
urea 6. 

Under similar conditions 5,7-dimethyl-3-(2,6-dimethyl- 
4-pyrimidylimino)-3H -1,2,4-thiadiazolo[4,3-c ]pyrimidine 
(2) gave no rearranged products; with 10% ethanolic HC1 a 
product for which structure 7 is best in accord with the 
spectral and analytical data was obtained. Similar results 
have been obtained6,s in the Dimroth rearrangement of the 
s -triazolo[2,3-c]- and -[4,3-c]pyrimidine systems. At- 
tempted rearrangement in 10% ethanolic NaOH gave a 
product which corresponded to the addition of water to the 
starting material. All available data are in agreement with 
its formulation as Dimroth intermediate 8 and the isolation 
of such intermediates, although rare, is not without prece- 
dent.g Hydrolysis of 8 in 10% ethanolic HCl again resulted 
in the formation of ketone 7 (Scheme I). 

Refluxing 8 in POC13 for 1 hr resulted in the formation of 
5,7-dimethyl-2-(2,6-dimethyl-4-pyrimidylimino)-2H - 
1,2,4-thiadiazolo [ 2,3-c ]pyrimidine (4). I t  is particularly in- 
teresting to note that the nmr spectrum of 4 showed only 
two signals for the four methyl groups and a single signal 
for the two aromatic protons suggesting that structure 4 
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Scheme I 

7 

H,'C CHJ 
4a 

may best be represented as a resonance hybrid (4 - 4a) 
reminiscent of the 1,6,6a-S1v-trithiapentalenes.10 Similar 
conclusions have been drawn7 in order t o  explain the prop- 
erties of 5 (R = 2-pyridyl). 

Experimental Section" 

dine12 (3, R = 2-pyridyl). 3-(2-Pyridylimino)-3H-1,2,4-thiadiazo- 
lo[4,3-a]pyrimidine (0.23 g) was suspended in a stirred solution of 
10% HCl (10 ml) and ethanol (20 ml). The reaction mixture quick- 
ly achieved homogeneity and was stirred for 3 hr before being neu- 
tralized with NaHC03. The  solvent was removed from the reaction 
mixture and the residue was extracted with a CHC13-HzO mixture. 
Drying of the CHC13 layer over NaZS04 and subsequent evapora- 
tion to dryness gave a yellow solid which, when treated with ace- 
tone (ca 3 ml), gave pale yellow, irregular prisms: 0.20 g (87%); mp 
254-255' dec; ir (KBr) 3000 (CH), 1620 (C=N) cm-l; XrnaxCH30H 

344 nm (log c 4.28), 293 (4.26), 247 (4.16), 235 (4.18), 215 (4.17); 
nmr (DzO) 6 6.47-8.25 (m, 7, aromatic); mass spectrum mle (re1 in- 
tensity) M.+ 229 (100). 

Anal Calcd for C I O H ~ N ~ S :  C, 52.38; H, 3.08; N, 30.55. Found: C, 
52.15; H,  2.99; N, 30.32. 
N-(2-Pyridyl)-N'-(2-pyrimidyl)thiourea (6). S- Methyl N- 

(2-pyridyl)dithiocarbamate13 (14.7 g), 2-aminopyrimidine (7.6 g), 
and toluene (200 ml) were refluxed for 18 hr. Filtration of the 
cooled reaction mixture gave a cream solid which crystallized from 
ethanol as colorless, matted needles: 9.1 g (49%), mp 203-204' dec; 
ir (KBr) 3200 (NH), 3000 (CH) cm-l; XrnaxCH30H 287 nm (log c 
4.44), 270 (4.38); nmr (CDC13) 6 7.20, 7.83, 8.85 (3 m, 7, aromatic), 
8.50, 9.60 (2 broad s, 2, NH); mass spectrum mle (re1 intensity) 

Anal Calcd for ClOHgNjS: C, 51.93; H, 3.92; N, 30.28. Found: C, 
51.70; H, 3.76; N, 30.47. 
Alternative Synthesis of 3. Sulfuryl chloride (2.80 g) in dry 

CHC13 (10 ml) was added to a stirred solution of 6 (4.60 g) and dry 
CHC13 (100 ml). After refluxing for 15 min the reaction mixture 
was cooled and filtered. The precipitate was dissolved in HzO and 
neutralized with NaHC03. The aqueous solution was extracted 
with CHC13 which was separated and dried over NaZS04. Evapora- 
tion to dryness gave a yellow solid which, when treated with ace- 

2-(2-Pyridylimino)-2H-1,2,4-thiadiazolo[2,3-a Ipyrimi- 

Me+ 231 (100). 

tone, gave pale yellow, irregular prisms, identical in all respects 
with 3: 1.0 g (22%), mp 254-255' dec, mmp 254-255' dec. 
3-Acetonyl-5-(2,6-dimethyl-4-pyrimidylamino)- 1,2,4-thiad- 

iazole (7). The thiadiazolopyrimidine 2 (0.20 g) was stirred for 3 
hr in 10% HCl (10 ml) and ethanol (10 ml). Neutralization with 
NaHC03 and filtration of the resulting precipitate gave a colorless 
solid which crystallized from aqueous ethanol as colorless, matted 
needles: 0.17 g (92%), mp 185-186"; ir (KBr) 3350 (NH), 3000 
(CH), 1700 (CO), 1620 (C=N) crn-l; XmaxC1130H 290 nm (log c 
4.29), 260 sh (3.82) ; nmr (CDCl3) 6 2.22, 2.40, 2.58 (3 s, 9, CH3), 
3.40 (broad s, 1, NH), 3.95 (s, 2, CHz), 6.78 (s, 1, aromatic); mass 
spectrum mle (re1 intensity) M.+ 263 (56). 

Anal. Calcd for CllH13NbOS: C, 50.17; H,  4.97; N, 26.60. Found: 
C, 50.34; H,  5.02; N, 26.58. 
3-(2-Acetylamino-l-propen-l-yl)-5-(2,6-dime~hyl-4-pyri- 

midylamino)-1,2,4-thiadiazole (8). The  thiadiazolopyrimidine 2 
(0.20 g) and 10% NaOH solution (10 ml) and ethanol (10 ml) were 
stirred for 2 hr at  room temperature. Subsequent neutralization 
with 10% HC1 and filtration gave a colorless solid which crystal- 
lized from CHC13 as colorless, irregular prisms:14 0.20 g (94%); mp 
-270" dec; ir (KBr) 3250 (NH), 3000 (CH), 1680, 1670, 1610 (CO, 
NC=C, C=N) cm-l; XrnarCHC'a 287 nm (log c 4.64); mass spectrum 
mle (re1 intensity) Me+ 304 (100). 

Anal. Calcd for C I ~ H ~ ~ N ~ O S :  C, 51.29; H,  5.30; N, 27.61. Found: 
C, 51.14; H, 5.21; N, 27.41. 
Hydrolysis of 8. The acetyl derivative 8 (0.10 g) was stirred for 

2 hr in 10% HCl (5 ml) and ethanol (5 ml). Neutralization with 
NaHC03 and subsequent reduction in volume gave a colorless 
solid identical in all respects with 7: 0.08 g (92%); mp 185-186', 
mmp 185-186'. 
5,7-Dimethyl-2-(2,6-dimethyl-4-pyrimidylimino)-2H -1,2,4- 

thiadiazolo[2,3-c ]pyrimidine (4). The acetyl derivative 8 (0.20 
g) and POC13 (20 ml) were refluxed for 1 hr. The reaction mixture 
was evaporated and the residue was triturated with methanol in 
order to decompose any residual POC13. After the methanol had 
been removed, the concentrate was dissolved in HzQ and neutral- 
ized with NaHC03. The aqueous solution was extracted with 
CHC13 and the CHC13 extract was separated and dried over 
NasS04. Evaporation to  dryness gave a cream solid which crystal- 
lized from ethanol as colorless needles: 0.06 g (32%); mp -370' 
dec; ir (KBr) 3060 (CH), 1620 (C=N) cm-'; XrnaxCHaoH 344 nm 
(log E 4.63), 255 sh (4.07), 237 (4.22); nmr (CDCly) 6 2.52, 2.83 (2 s, 
6, CH:j), 7.08 (s, 1, aromatic); mass spectrum m/e (re1 intensity) 

Anal. Calcd for C ~ ~ H ~ ~ N S S :  C, 54.52; H, 4.93; N, 29.35. Found: 
M-' 286 (100). 

C, 54.10; H, 4.93; N, 29.07. 

Registry No.-1 (R = 2-pyridyl), 40899-19-2; 2, 40899-28-3; 3 
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Possible m e c h a n i ~ r n s ~ , ~  of ionic HX elimination from 
haloalkanes over solid catalysts are summarized in Scheme 
I. By taking account of the rate-determining step, five 

Scheme I 

RLCHX-CH2R2 

+ / I \  [RICH-THR'~ R~CHX-CHR + H+B R'CHCH,R? + X-A 
I ! 

R1CH=CHR2 R'CH=CHR* + HX R'CH=CHR* 
+ I 1  + 

BA X-A H+B 
(A  catalyst consists of acidic (A) and basic (B) sites.) 

Type of Elimination Mechanism 
Rate - 

determining 
s tep  

1 
2 
3 

4 
5 

Abbreviation of 
Intermediate mechanisms 

Carbonium ion E l  

Simultaneous cleavage E2 concerted 
Carbonium ion E2ca 

of C-H and C-X 
bonds 

Carbanion E2,b 
Carbanion El,, 

kinds of mechanisms are conceivable. The abbreviations 
are defined based on the following concept. Suffixes Ca and 
Cb in the abbreviation of the mechanism mean that carbo- 
nium ions and carbanions, respectively, are involved in the 
elimination process as intermediates. The rate-determining 
step distinguishes E l  and E2. That is, the step of interme- 
diate formation is rate determining in E2 (except for E2 
concerted, which is a one-step reaction), whereas the fol- 
lowing step is in E l .  E l ,  E2 concerted, and Elcb need no 
comment, although conjugated acid or base of the catalyst 
might play some roles in Elcb or E l  over the solid catalyst, 
E2c, and E2cb seem to be possible mechanisms over solid 
catalysts a t  elevated temperatures. The differences in these 
mechanisms can be considered to be present in the degree 
of C-H or C-X bond fission of the intermediate,4 so that 
these mechanisms should change continuously according to  
the strength of interaction between a substrate and a cata- 
lyst. For elimination reactions of a certain reactant over a 
series of solid catalysts, the reaction may proceed uia an 
E2ca mechanism on a catalyst of moderate acidity, whereas 
with a basic catalyst it may occur via an E2cb process. The 

h s i n e s s o f  Acidityof pr&on 
C-X bond 
Dlssocia tion 

Reagent 
Figure 1. Schematic diagram of mechanism transitions according 
to the acid-base properties of catalysts and substrates. Abbrevia- 
tions of mechanisms refer t o  the text. 

E2 concerted mechanism may be possible on a catalyst 
which is neutral or consists of binary sites of acidity and 
basicity like a l ~ m i n a . ~  On a catalyst of which acidity or ba- 
sicity is strong enough, the E l  or Elcb mechanism may be 
realized. As for reactants, the same situation should occur. 
That is, a highly acidic reactant prefers a carbanion-type 
intermediate and a reactant in which halide is easily elimi- 
nated favors a carbonium ion-type intermediate. Continu- 
ous changes in acidity or basicity of catalysts and/or sub- 
strate structurezc may bring about continuous transitions 
of elimination mechanisms, as schematically described in 
Figure 1. 

In an attempt to study the transitions of elimination 
mechanisms, the kinetic isotope effects in dehydrohaloge- 
nation of 1,2-dibromoethane and 1,1,2,2,-tetrachloroethane 
and product distributions from 1,1,2-trichloroethane and 
1,2-dihalopropanes over some solid catalysts have been in- 
vestigated. The product distributions from 1,1,2-trichlo- 
roethane and reactivity orders of some chloroalkanes over 
solid catalysts have been explained in terms of E2ca on 
solid acids, E2cb on solid bases, and E2 concerted on alumi- 
na in previous papers.6 Product distributions were found to 
change continuously according to the acidity of the cata- 
l y s b 6  An object of the present study is to understand such 
a continuous change from a mechanistic aspect. 

Experimental Section 
Reagents. Haloethanes used were obtained from Tokyo Kasei 

Co. Deuterated 1,2-dibromoethane (CzDdBrz) and 1,1,2,2-tetra- 
chloroethane (C2DdC14) (Merck) were used without further purifi- 
cation. 

Catalysts. Silica-alumina (13% AI,&), alumina, and KOH- 
Si02 were described in previous papers. 

Apparatus and Procedures. Elimination reactions were ob- 
served by means of microcatalytic gas chromatography with a col- 
umn of TCP (4m) a t  60". All reactions were carried out a t  300" 
under a helium gas flow of atmospheric pressure. No occurrence of 
elimination was observable over the glass-wool packing, implying 
small contribution of simple pyrolysis. The elimination reaction 
was of first order under the experimental conditions, and the con- 
version was verified to be a linear function of the reciprocal space 
velocity (RSV) at  low conversions. Thus, the slope of conversion/ 
RSV gives the apparent rate constant, k (ml/g min). Experimental 
details have been described in previous papers.8 

Results and Discussion 
Product Distributions in Eliminations of Maloal- 

kanes over Solid Catalysts. 1,Z-Dihalopropane may give 
trans- and cis- 1-halopropene (I), allyl halide (11), and 2- 
halopropene (111) through HX elimination over solid acids 
and bases. The reaction paths depicted in Schemes 11-IV 
may explain formation of these products by various mecha- 


