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(aqueous Na2C03) and extracted with several portions of CHC13. 
The combined extracts were dried (Na2S04) and, after the CHCI3 
was removed at  atmospheric pressure, the residue contained 
recovered 4-cyclopropylpyridine (0.63 g, 27.4% by comparison 
of its ir spectrum with that of an authentic sample) and 4-cyclo- 
propylpyridine M-oxide (1.75 g, 65.8%, mp 163.4-164.6' from 
benzene). The structure of the product was confirmed by its 
elemental analysis, ir spectrum, and nmr spectrum. 

Reaction of 4-Cyclopropylpyridine with n-Butyllithium.-4- 
Cyclopropylpyridine (0.02 mol, 2.38 g) was added to n-butyl- 
lithium (0.02 mol, 12.4 ml) and 100 ml of THF.  The mixture 
was refluxed for 6 hr and cooled to room temperature and the 
T H F  was removed under reduced pressure (rotoevaporator). 
The residue was poured into water and extracted with several 
portions of CHCll and the combined extracts were dried (NaSOd). 
The solvent was removed at  atmospheric pressure and the residue 
was vacuum distilled to give (1) recovered 4-cyclopropylpyridine, 
bp 74-76' (6.0 mm), 0.19 g, 8%, and (2) 2.06 g of material, 
bp 119-130" (5.6 mm). Glc analysis of fraction 2 showed three 

peaks. The peak with the shortest retention time corresponds 
to the retention time of an authentic sample of 4-cyclopropyl- 
pyridine. The smallest peak with an intermediate retention time 
was not identified. The largest peak with the longest retention 
time is 2-n-butyl-4-cyclopropylpyridine (657, based on glc anal- 
ysis). 

Anal. Calcd for C I ~ H I ~ N :  C, 82.23; H, 9.78. Found: 
C, 81.83; H ,  9.63. 

The picrate had mp 92.4-94.0' (from absolute ethanol). 
Anal. Calcd for C I ~ H ~ O N ~ O ~ :  E, 13.86. Found: 13.86. 

Registry No.+ 6814-64-8; 2-vinylpyridine, 100-69-6; 4- 
vinylpyridine, 100-43-6; 2-methyl-6-vinylpyridiiie, 1122-70-9 ; 
2-vinyl-5-ethylpyridine, 5408-74-2; 4-styrylpyridine, 103-31-1 ; 
2-styrylpyridine, 714-08-9; 3-methyl-4-styrylpyridine, 13673- 
34-2; 3-methyl-2-st)-rylpyridine, 7433-87-6; 2-n-butyl-4-cyclo- 
propylpyridine, 41764-88-9; 2-n-butyl-4-cyclopropylpyridine pi- 
crate, 41764-89-0. 
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The buffered acetolysis and formolysis of benzobicyclo[2.2.0] hex-5-en-ezo-2-yl tosylate ( 1-OTs) and nosylate 
Buffered acetolysis of I-OTs produced only naphthalene while 1-ONs yielded naph- 

Buffered formolysis of I-ONs 
( 1-OKs) were investigated. 
thalene (387,) and benzobicyclo[2.l.l]hex-2-en-ezo-5-yl acetate (2-OAc, 37'%). 
gave exclusively 2-02CH in 97% yield. The effects of the benzo group in 1 are discussed. 

We recently published the synthesis of benzobicyclo- 
[2.2 $0 ] hex-5-en-exo-2-01 ( 1-OH) by hydroboration- 
oxidation of benzobicyclo [2.2.0]he~a-2,5-diene.~ We 
now wish to  report the preparation and results of 
solvolytic studies of the tosylate (1-OTs) and nosylate 
(I-OSs) esters. 

Alcohol 1-OH was converted into arenesulfonates 1- 
OTs and 1-ONs by standard methods. As is our prac- 
tice with new substrates such as these, approximate 
rates of buffered acetolysis were determined at  two 
temperatures with two mighed samples (0.005 41 ROX, 
0.006 M KOAc) each of 1-OTs and 1-ONs in separate 
ampoules using the sealed ampoule technique. These 
approximate rate constants are generally within f 10% 
of values determined for first-order rate constants from 
a full kinetic run.3 These rate constants are listed in 
Table I. 

TABLE I 
APPROXIMATE BUFFERED ACETOLYSIS RATE 

CONST.4NTS FOR 1-OTs AND l-Ol\'Sa 
Compd Temp,  'C k," see-1 

I-OTS 90.0 1 .8  X 

I-ONS 70.0 4 . 6  X lo-'' 
90.0 4 . 7  x 10-6 

120.0 4.2 x 10-4 

a Determined from only two kinetic points. The instantaneous 
rate constants from each point based on the initial concentration 
of substrate agreed within &3% of these figures. 

It was immediately obvious that more than a simple 
solvolysis reaction was occurring in either 1-OTs or 

(1) (a) Paper XIII: R. N. McDonald and G. E .  Davis, J. Amer.  Chem. 
(b) NDEA Fellow, 1966-1969. 

(2) R. N. McDonald, D.  G. Frickey, and G. M. Musohik, J .  Ow. Chem., 

(3) R. N. MoDonald and G. E.  Davis, J .  Ora. Chem., 38, 138 (1973). 

Soc., 94, 5078 (1972). 

3'7, 1304 (1972). 

1-ONs or both from the ratio / C ~ - O N ~ / ! C ~ - O T ~  = 2.6. We 
had previously found the nosylate-tosylate rate ratio 
to be about 10 for "normal" solvolyses for several pri- 
mary de r i~a t ives ,~  and the same rate ratio was expccted 
for these secondary derivatives. 

Isolation of the materials from an interrupted buff- 
ered acetolysis of I-OTs showed the presence of 1- 
OTs, naphthalene, and decomposition material. A 
preparative buffered acetolysis of 1-0Ks a t  90" for 
approximately 10 solvolytic half-lives (based on ap- 
proximate 12, Table I) yielded naphthalene (58%) and 
beiizobicyclo [2.1,1 Ihex-2-en-exo-5-yl acetate (2-OAc, 
37%).5 

1-ONs 

2-OAc 

The thermal stabilities of 1-OTs and 1-ONs were 
determined by heating them in hydrocarbon solvents 
for the time required for approxirnately 10 buffered 
acetolysis half-lives of that arenesulfonate. Heating 
1-OTs in xylene a t  120" and 1-ONs in toluene a t  90" 
produced naphthalene and the corresponding arene- 
sulfonic acid in excellent yields with no recovery of the 
starting arenesulfonate. From these results it was 

(4) R.  X, McDonald, N. L. Wolfe, and H .  E. Pe t ty ,  J .  O r g .  Chem., 38, 1106 

( 5 )  Y .  Hataand H. Tanida, J. Amer.  Chem. Soc.,Sl, 1170 (1969). 
(1973). 
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TABLE I1 
BUFFERED FORMOLYSIS DATA FOR 

Temp,  AH*, 
BEKZOBICYCLO[2.2.0] HEX-$EN-UX-2-YL NOSYLATE (I-ONs)" 

OC k ,  sec-* Av k ,  sec-1 kcal/mol AS*, eu 
25.0 1 . 3  X 10-Gb 
50.0 ( 3 . 9 1 i O . 0 5 ) X l O - 6  3 . 9 4 x l O - 6  2 5 . 4 f O . l  - 0 . 4 f O . 4  

70.0 (4.17 =t 0.05) X 10-4 4.18 X 10-4 
(3.97 + 0.05) X 10-6 

(4.20 3= 0 . 0 7 )  X 10-4 
Or 0.00516 A!! I-ONs, 0.00646 M HC02K. Extrapolated from 

data a t  other temperatures. 

obvious that lye were not looking at a purely solvolytic 
reaction in these buffered acetolyses. 

We then turned our attention to  buffered formolysis, 
since formolysis kinetic data was available for the parent 
bicyclo [2.2.0]hex-ezo-2-yl tosylate.6 The buffered for- 
molysis data on 1-ONs are listed in Table 11. A prepar- 
ative buffered formolysis (SO0,  10 solvolytic half-lives) 
produced the single formate product, 2-02CH, in 97% 
yield; nmr spectral analysis failed to show the presence 
of naphthalene or 1-02CH. Formate 2-02CH was 
shown to  be stable to  the formolysis conditions while 
1-O2CH partially gave naphthalene plus unidentified 
materials. 1-ONs was shown to  be thermally stable in 
benzene at  70" for 10 formolysis half-lives. The struc- 
ture of the formolysis product 2-02CH was assigned on 
the basis of close similarities of the pinr chemical shifts 
and general peak multiplicities of 2-OAc and 2-0,CH 
and from spin decoupling of the protons in Z-OZCH. 

Two features of the product and kinetic data are 
evident: (1) the exclusive formation of 2-02CH in the 
buffered formolysis of 1-OKs readily demonstrates the 
requirement of Wagner-llleerwein rearrangement some- 
time during the solvolytic processes, and ( 2 )  the rela- 
tively abnormal effect of olefinic us. arene double bond 
involvements in such participation compared with 
those in related bicyclic systems. 

Tanidas has pointed out that  should the classical 
benzobicyclo [2.2.0]hex-5-en-2-yl cation (3) be produced, 
naphthalene formed via benzylic cation 4 would be an 

3 4 

expected product; we agree. This expectation is given 
credence from the results of the solvolysis of bicyclo- 
[2.2.0]hex-endo-2-yl 3,bdinitrobenzoate yielding only 
products resulting from disrotatory zero-bridge open- 
ing,' which v e  believe would be representative of the 
classical [2.2.0]-2-y1 cation and 3. Principle sources 
of naphthalene in the buffered acetic acid media were 
probably thermal and/or base-induced eliminations. 

If we assume that the I C R O N ~ / ~ R O T ~  ratio for formolysis 
of derivatives of 1-OH is that found for acetolysis of 
several primary s ~ s t e m s , ~  we calculate that  introduction 
of the 5,6-ethylenic8 and 5,B-benzo groups depresses 
the rate of solvolysis of bicyclo [2.2.0]hex-ezo-2-y1 OTs 
(5-OTs) by factors of 28 and respectively, with 
each AAF* of about 2 lical/mol. Even applying an in- 

(6) R. N. McDonaldand C. E.  Reineke, J. O w .  Chem., 32, 1878 (1967). 
(7) R .  N.  McDonald and G. E. Davis, J. Amer.  Chem. Soc. ,  94! 5078 

(1972). 
(8) S. Masamune, E,  N. Cain, R. Vukov, S Takada,  and N.  Nakatsuka, 

Chem. Commun.,  243 (1969). 

TABLE I11 
ACETOLYSIS RATE RATIOS O F  SATURATED, @-OLEFINIC, 

AND @-ARYL DERIVATIVES I N  BICYCLO[~.~.~]ALKYL SYSTEMS" 
Struclure kaatd/kunsatd kunsatd/karene Ref 

ezo-2-[2.2.0] 28b 28c 6, 8, this work 
ezo-2-[2.2.l]d 2.0 6.0 e, f, Q 
endo-2- [ 2.2.11 d 44 5.7 e, 1, c? 
ezo-2-[2.2.2Id 0.0038 100 h 
endo-2- [2.2.2] d 0.20 5.5 h 

a Some rate data were determined in buffered solvent, while 
others come from unbuffered determinations. Ratio a t  90". 
c Formolysis comparison at 25'. S. Win- 
stein, B. K. Morse, E. Grunwald, H. W. Jones, J. Corse, D. 
Trifan, and H. Marshall, J. Anzer. Chem. Soc., 74, 1127 (1952). 
f S. Winstein and M. Shatavsky, ibid., 78, 592 (1956). 0 P. D. 
Bartlett and W. P. Giddings, ibid., 82,1240 (1960). H. Tanida, 
K. Tori, and K. Kitahonoki, ibid., 89,3212 (1967). 

d Ratios at 25'. 

ductive correction factor of 10 for the @-aryl groupg in 
1-OKs leaves us with a rate retardation of 78 for 1- 
OKs compared to  that calculated for 5-OKs. The 
effects caused by such @-olefinic and p-aryl groups in 
related systems are listed in Table 111. 

It is obvious from the data in Table I11 that the 
total rate depression caused by the p-aryl group is 
largest in the ezo-2-[2.2.0] system, ksatd/karene = 780. 
At the same time, the exclusive formolysis product from 
1-OKs is 2-02CH, the product of Wagner-llerrwein 
(u-bond) rearrangement. The question of whether the 
formolysis of 1-ONs + 2-02CH may involve r-bond 
participation in concert with ionization (6)lla or pro- 
ceeds by way of initial @-arylethyl type of participa- 
tionllb (7) cannot yet be defined with the present limited 
data. 

6 7 

2 - 0,CH 

We plan to  examine aryl substituent effects in 1- 
ONs solvolysis. A "plus feature" of such a study is 
that we can then examine these same effects on deriva- 
tives of benzobicyclo [2.1.1]hex-2-en-ezo-5-01, the prod- 
uct of rearrangement, where solvolytic participation 
is via the aromatic ring T  electron^.^ 

Experimental Section12 
Benzobicyclo[2.Z.O] hex-5-en-em-2-yl Acetate (1-OAc). A.- 

To 407 mg (2.8 mmol) of 1-OH* dissolved in 15 nil of dry pyridine 

(9) A more reasonable value for this inductive correction factor of 4-6 
comes from the 8-phenyl effects on the rate  constants for k. in l-phenyl-2- 
propylOTs and kc inisopropyl OTs solvolyses.10 

(10) C. J. Lancelot, J. J. Harper ,  and P. v.  R .  Schleyer, J .  Amer.  Chem. 
Soc.,  91, 4294 (1969); C. J. Lancelot and P. v. R.  Schleyer,,ibid., 91, 4296 
(1969). 

(11) (a) The  dashed delocalization indicated in the arene ring of 6 is t o  
show gossible arene-CI p orbital (filled) interaction with the z* ' 2 1 4 %  ole- 
finic orbital (empty) similar t o  t h a t  suggested by Dewar [ J .  Amer. Chsm. 
Soc., 9P, 3996 (1970)l for 8-arylethyl derivatives. (b) L. A. Psquet te  and 
I .  R .  Dunkin, ibid., UP, 3067 (1973), concluded t h a t  r-bond participation 
was not involved in the solvolysis of beneobicyclo[2.2.l]hept-5-en-szo-2-yl 
derivatives but  tha t  8-arylethyl type participation was "entirely possible" 
with these substrates. 

Spectra were 
determined on commercial instruments (ir, P-E 137; nmr,  Varian T-60). 
Nmr spectral da ta  are listed as centers except for certain multiplets where 
the range of the signals is given. 

(12) Melting points were determined on a Kofler hot  stage. 
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(distilled from barium oxide and kept over potassium hydroxide 
pellets) a t  5' was added 5.0 nil of reagent-grade acetic anhydride. 
The mixture was stirred for 12 hr and warmed to room tem- 
perature. The reaction mixture was dissolved in ether, washed 
with five 20-ml portions of 10% hydrochloric acid, two 10-ml 
portions of water, 10 nil of saturated aqueous sodium bicarbonate, 
and 10 ml of water, and dried (MgS04). Removal of the ether 
gave a liquid residue which was short-path distilled [40-60' 
(IO+ mm)] giving j13 mg (987,) of the desired acetate: ir (thin 
film) 1740 cm-l (C=Ol; nmr (CC14, internal TMS) T 2.75-3.05 
(aromatic 82B2 pattern, 4),  5.05-5.30 (t ,  CHOAc, 1), 6.0-6.25 
(m, bridgehead H's, 2), 7.50-7.75 (m, CHz, 2), and 7.98 (s, CH3, 
3). 

Anal. Calcd for C12H1202: C, 76.57; H,  6.43. Found: C, 
76.44; H,  6.58. 

B.---To a solution of 11.0 g (98 mmol) of A*-cyclobutenyl ace- 
tateI3 and 60 nil of analytical grade ethylene dichloride under 
nitrogen was added 4.0 g (27 mmol) of benzenediazonium 2- 
carboxylate. Re- 
moval of solvent and recovered d2-cyclobutenyl acetate and 
short-path distillation gave 1.40 g (287,) of volatile materials 
[53-100" (10-3-10-4 mm)] . These volatile materials were chro- 
matographed on silica gel where petroleum ether (bp 30-60") 
eluted 0.20 g (47,) of naphthalene, and a 15:85 mixture of ben- 
zene-carbon tetrachloride eluted 0.02 g (>1%) of 3-phenyl-A1- 
cyclobutenyl acetate: ir (thin film) 1750 cm-l (C=O); nmr 
(CCl,, internal TMS) T 2.83 (m, aromatic H's, 5), 4.57 (broad- 
ened s, olefinic H, l ) ,  6.2-6.38 (m, J2,3 = 4.5, Jz,r = 2.0 Hz, 
-CHPh, I ) ,  6.6-7.65 (m, J3.4 = 13.0 Hz, CH2, 2), and 7.90 (s, 
CH3, 3). 
,4 30: 70 mixture of benzene-carbon tetrachloride eluted 200 

mg (4%) of I-OAc, while a 1: I mixture of benzene-carbon tetra- 
chloride eluted 340 mg (77,) of 4-phenyl-Az-cyclobutenyl acetate: 
ir (thin film) 1710 cm-' (C=O); nmr (CCL, internal TMS) T 
2.87 (m, aromatic H's, 5 ) ,  3.58-3.82 (doublet of triplets and 
doublet of doublets, J2,Z = 0.8 Ha, olefinic H's, 2), 4.32-4.47 
(doublet of triplets, J I , ,  = 2.8, J 1 , 3  = 1.0, J I , ~  = 0.7 Ilz, CH- 
OAc, l ) ,  and 5.59-5.75 (s, CH3, 3).  The 1 : l  benzene-carbon 
tetrachloride also eluted a 0.095-g (2%)  mixture of unknown 
acetates. 

To a solution of 11.40 g (0.11 mol) of Az-cyclobutenyl acetate 
and 80 ml of analytical grade ethylene dichloride under nitrogen 
was added 7.1 g (0.048 mol) of benzenediazoniurn 2-carboxylate 
a t  39-40" with another 7.4 g (0.05 mol) added after an addi- 
tional 2 hr. Removal of solvent and excess A2-cyclobutenyl 
acetate and distillation [40-100" nim)] of the remaining 
residue yielded 4.95 g (38%) of volatile material which gave 493 
mg (4%) of 1-OAc. 

Benzobicyclo [ Z  .2 .O] hex-5-en-ezo-2-yl Tosylate (1-OTs) -To 
a solution of 200 mg (1.35 mmol) of 1-OH in 25 ml of dry 
pyridine (distilled from baiium oxide) at 5' was added 267 mg 
(1.4 mmol) of sublimed tosyl chloride. The mixture was stirred 
for 3 days and warmed to room temperature. Ether was added, 
and the mixture was washed with five 20-ml portions of water 
and drled (hIgS0,). Removal of solvent gave 279 mg of crude 
material which was chromatographed on activity 3-4 basic 
alumina, where carbon tetrachloride eluted 240 mg of product. 
Recrystallization from pentane-ether gave 185 nig (46%) of 1- 
OTs: mp 65.5-66'; ir (KBr disk) 1350 (S=O) and 1175 cm-l 
(CO); nmr (CC14, internal TMS) T 2.5-2.80 (A&, tosyl H's, 
4), 2.85-3.10 (AzB~,  aromatic a ' s ,  4), 5.It5-5.40 (t ,  CHOTs, 11, 
6.0-6.3 (m, brldgehead H's, 2 ) ,  7.4-7.7,5 im, CI-IZ, a),  and 7.55  
(s, CH3, 3). 

Ana[. Calcd for CliH16S03: C, 67.98; H, 5.37. Found: C, 

The slurry was stirred a t  40-41" for 3 hr. 

67.74; H, 5.19. 
Benzobicvclo [Z,2,01 hex-5-en-ezo-2-yl Nosylate (1-ONs) .-To 

a solution df 220 mg (1.51 mmol) of i-OH in 3 ml of anhydrous 
ether (distilled from lithium aluminum hydride) was added 2.0 
ml (3.2 mmol) of a 1.6 Jf solution of methyllithimi in pentane 
at 4°.4 The mixture was stirred for 15 min at 5' and then 331 
mg (1.50 mol) of nosyl chloride (recrystallized from carbon tetra- 
chloride) was added to the alkoxide solution. The solution was 
stirred at ,5" for an additional 1 hr.  Ether was added and then 
the mixture was washed with four 15-ml portions of water and 
dried (Na&03). Removal of solvent gave a yellow oil (463 mg) 
which was chromatographed on activity 11-111, basic alumina 
where benzene eluted 0.307 g of crude material. Recrystalliza- 

(13) K. B. Wiberg, V. Z. Williams, and L. E. Friedrich, J .  Amer. Chem. 
Soc., 92, 564 (1970). 

tion from ether-methylene chloride-pentane gave 262 mg (53%) 
of 1-ONs: mp 100-lO1°; ir (KBr disk) 1520 (N=O), 1350 
(S=Q), and 1175 cm-l (CO); nmr (DCC13, internal TMS) T 
1.5-2,0 (AzB~,  nosyl H's, 4),  2.6-3.1 (AtBz, aromatic H's, 4), 
5.0-5.25 ( t ,  CHONs, I ) ,  5.85-6.20 (in, bridgehead H's, 2), and 
7.35-7.65 (m, CH2, 2).  

Anal. Calcd for CleH130jNS: C,  58.00; H, 3.96. Found: 
C, 57.69; H,  3.95. 

Benzobicyclo [2.2 .O] hex-5-en-ezo-2-yl Formate (l-O$H).-To 
a solution of 100 mg (0.675 mmol) of 1-OH in 20 ml of dry pyri- 
dine (distilled from barium oxide) at 5' was added 1.50 ml of 
acetic-formic anhydride.'* The niixt,ure was stirred for 12 hr 
at 5 1 0 "  and then at room temperature for 2 days. The reaction 
mixture was poured into ice-water and extracted with two 20-ml 
portions of ether. The ether extracts were combined and washed 
with five 15-ml portions of water, three 15-ml portions of cold 
10% hydrochloric acid, 15 ml of saturated sodium bicarbonate, 
and two 15-ml portions of water, and dried (MgSO4). Removal 
of the ether gave a colorless liquid that was short-path distilled 
[40° mm)] yielding 94 mg (787,) of l-OPCH: ir (thin film) 
1730 cm-l (C=O); nmr (cc14, internal TMS) T 2.95 (s, OzCH, 
I), 2.6-3.1 (m, aromatic H's, 4),  4.85-5.1 (t, -CHO,CH, l ) ,  
5.9-6.2 (m, bridgehead H's, 2), and 7.4-7.7 (m, CH?, 2). 

Anal. Calcd for C11Hd&: C, 75.84; H,  5.79. Found: C, 
75.90; H,  6.16. 

Thermal Stability Check of 1-0Ts.-A solution of 40 mg (0.133 
nimol) of 1-OTs in 15 ml of xylene (distilled from sodium) was 
placed in a bath at 120.0 * 0.1" for 280 min (approximately 10 
t i / ,  for buffered acetolysis). The solvent was short-path dis- 
tilled under vacuum, yielding 39 mg (99%) of crude product. 
The nmr in D1LISO-ds showed the presence of naphthalene and 
p-toluenesdfonic acid which compared identically with spect,ra of 
known samples. 

Preparative Buffered Acetolysis of 1-0Ns.-A solution of 80 
mg (0.242 mmol) of 1-ONs in 20 ml of 0.013 M potassium acetate- 
a.cetic acid (2% acetic anhydride) buffer solution was placed in a 
constant-temperature bath at  90.0 i 0.1" for 50 hr (approxi- 
mately 10 t i / ,  for buffered acetolysis). It was then cooled, placed 
in a separatory funnel with 20 ml of cold water, and extracted 
with three 20-ml portions of ether. The ether extracts were 
combined, washed with five 20-ml portions of water, two 10-ml 
portions of saturated sodium bicarbonate, two 20-ml portions of 
water, two IO-ml portions of saturated sodium bicarbonate, 
and 20 ml of water, and dried (h3gSO4). Removal of solvent' 
gave a residue, which was chromatographed on activity 11-111, 
basic alumina where petroleum ether eluted 18 mg (58%) of 
naphthalene while benzene eluted 17 mg (37%) of 1-OAc. 

Thermal Stability Check of 1-0Ns.-Asolution of 40 rng (0.121 
mmol) of 1-QNs was dissolved in 15 ml of toluene (analytical re; 
agent) and placed in a constant-temperature bath at 90.0 i 0.1 
for 5 hr (approximately 10 ti/,  for buffered acetolysis). The sol- 
vent was short-path distilled [50-60" (20 mm)] yielding 36 mg 
(90%) of a mixture of naphthalene and p-nitrobenzenesulfonic 
acid, as identified by nmr. 

Kinetic Method for Buffered Formo1ysis.-The buffered 
formolysis procedures were modifications of those developed by 
other workers.'5 All volumetric solutions were prepared in a dry, 
iVa-atmosphere glove box. The sealed ampoule technique was 
used for formolyses determined above 35'. Substrate solutions 
were prepared to be 0.005 21 ROX and 0.006 M KOtCH. Ap- 
proximately 1.5 ml of the formolysis solution was removed per 
point with a constant-delivery pipette, quenched in 6 ml of puri- 
fied dioxane, and titrated with HC104-acetic acid using a Met- 
rohm Herisau E 436D automatic titrator. 

The rate constants were calculated using the RATSOL2' com- 
puter prograin using experiment,al infinity titers. Thermochemi- 
cal data and rate extrapolations were obtained from a computer 
program which calculated the energy of activation and its maxi- 
mum error limits. 

Using the above procedure, duplicate rate constants for cycle- 
hexyl tosylat,e (nip 42-44') were (4.14 i 0.10) X 10-6 sec-' and 
(4.05 i 0.10) X 10-6 sec-'; average k = 4.1 X sec-'. 
Both determinations had 101 i 27, infinity titers. The un- 
buffered forinolysis of cyclohexyl tosylat,e had k = (3.97 2c 0.05) 
x 10-5 see-1 at 25'. 

(14) L. I .  Krimen, o r q .  Syn., 60 ,  l (1970) .  
(15) S. Winstein and R.  Heck, J .  Amer. Chem. Soc., 7 8 ,  4801 (1956): 

S. Winstein and H.  Marshall, { b i d . ,  74, 1120 (1952). 
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Preparative Buffered Formolysis of 1-0Ns.-To 30 ml of 0.103 
M potassium formate-formic acid solution, which had been 
prepared and kept in a nitrogen atmosphere, was added 82 mg 
(0.247 mmol) of 1-ONs. The solution was placed in a constant- 
temperature bath at 60.00 =t 0.05' for 20 hr (approximately 10 
t i l z ) .  It was then cooled and placed in a separatory funnel with 
50 ml of ether. The ether solution was washed with four 20-ml 
portions of water, two 10-ml portions of 7y0 sodium bicarbonate 
solution, and 25 ml of water and dried (NazSOd). Removal of 
solvent gave a residue which was short-path distilled [40-45" 
(IO-* mni)] yielding 40.5 mg (97%) of 2-02CH: ir (thin film) 
1720 em-' (C=0); nmr (CCI,, internal TMS) 7 1.95 is, OtCH, 
l ) ,  2.65-3.05 (m, aromatic H's, 4), 5.1-5.2 (d, CHOzCH, l ) ,  
6.4-6.6 (m, ezo-methylene H ,  l ) ,  6.75 (d, bridgehead H's, 2), and 
7.5-7.7 (t ,  endo-methylene H, 1); the chemical shifts and peak 
multiplicities agree closely with those of 2-OAc.6 

Ana/. Calcd for CllH1002: C, 75.84; H, 5.79. Found: C, 
75.70; H, 5.81. 

Formolysis Stability Check of 2-02CH.--To a 25-1111 solution of 
0.0103 M potassium formate-formic acid in a 50-ml round- 
bottom flask was added 40 mg (0.225 mmol) of 2-02CH. The 
solution was placed in a constant-temperature bath at  60.00 =t 
0.06" for 20 hr (approximately 10 t i lz) .  At the end of 20 hr, the 
solution was placed in a separatory funnel with 50 ml of ether, and 
was washed with five 25-ml portions of water, 10 ml of saturated 
sodium bicarbonate, and 20 ml of water and dried (MgSO,). 
Removal of solvent gave a 39.7-mg (99%) recovery of 2-02CH, 
as shown by ir and nmr spectroscopy. 

Formolysis Stability Check of 1-O2CH.-To a solution of 30 ml 
of 0.0103 M potassium formate-formic acid in a 50-ml round- 
bottom flask was added 43 mg (0.244 mmol) of 1-OZCH. I t  was 
placed in a constant-temperature bath at 60.00 =t 0.06' for 20 hr 
(approximately 10 t i l 2 ) .  The cooled solution was placed in a 
separatory funnel with 50 ml of ether, and was washed with five 

2,5-m1 portions of water, 1.5 ml of saturated sodium bicarbonate, 
and 25 ml of water and dried (LLlgSOa). Removal of the solvent 
gave 36.3 mg of product. The isolated product was dissolved in 
1.0 ml of absolute ethanol and cooled to 5 ' .  To this solution at 
5' was added 0.15 in1 of a 37,  potassium hydroxide in absolute 
ethanol. The mixture was stirred and warmed to room tempera- 
ture over 14 hr. The reaction mixture was transferred to a 
separatory funnel with 20 ml of ether and enough 10% hydro- 
chloric acid to acidify the resulting aqueous solution. This mix- 
ture wa5 washed with five 15-ml portions of water, 10 ml of satu- 
rated sodium bicarbonate, and 15 ml of water and dried (M$05). 
Removal of solvent gave 28 mg of material which was chroma- 
tographed on activity 11-111, basic alumina where petroleum ether 
eluted 5 mg of naphthalene and methylene chloride eluted 22 mg 
of 1-OH . 

Thermal Stability of 1-0Ns.-A solution of 40 m g  (0.12 mmol) 
of the title compound in 15 in1 of benzene (thiophene-free benzene 
distilled from sodium) was placed in a round-bottom flask and set 
in a constant-temperature bath at 70.00 rt 0.05' for .i hr (ap- 
proximately 10 t ~ / ~ ) .  Removal of solvent by short-path distilla- 
tion gave 40 mg (10070) of recovered 1-OXs. 
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Investigation of the chemical and antimicrobial 
properties of mesoionic S-alkyl-1,3,4-thiadiazolo [3 ,2-  
~]pyrimidine-5,7-diones~,~ required the preparation of 
2-a1ky1amino-1,3,4-thiadiazo1es1 unsubstituted in the 
5 position, as intermediates. We wish to  report an 
improved procedure for the preparation of these thia- 
diazole derivatives. 

Although 5-substituted 2-acylamino-1,3,4-thiadi- 
azoles can be conveniently reduced to  the corresponding 
amines with lithium aluminum hydride, the 5-unsub- 
stituted amides are base sensitive and undergo ex- 
tensive decomposition. Formamidate esters undergo 

(1) R .  A. Coburnand R. A .  Glennon, J .  Aeterocycl. Chem., 10, 487 (1973). 
(2) R. A. Coburn and R. A .  Glennon, J .  Pharm. Sci., in press. 
(3) E. Testa, G. G. Gallo, and F. Fava, Qazz. C h i n .  Ital., 88, 1272 (1958); 

J. Sandstrom, Aduan. Heteroczlcl. Chem., 9, 165 (1968). 

t'hermal rearrangement to N-alkylformamides which 
can be subsequently hydrolyzed to  alliylamines. 
Treatment of 2-amino-1,3,4-t,hiadiazole with a tenfold 
excess of trimet'hyl orthoformate gave as t'he sole prod- 
uct N,N'-bis(1,3,4-thiadiazol-2-yl)formamidine (1)) in- 
stead of the desired methyl N-(1,3,4-thiadiazol-2-y1)- 
formamidate. Therefore, this met'hod appears un- 
suitable for the preparation of t'he desired 2-alkyl- 
amino t hiadiazoles. 

2-sec-Amino-1,3,4-thiadiazoles have been prepared 
by the treat'ment of 4-substituted thiosemicarbasides 
2 with triethyl ortmhoformate.5a-e Although this is a 
sat'isfactory method in the preparation of 2-arylamino 
derivatives,jd 2-alkylamino derivatives are obtained in 
low yield accompanied by nearly equivalent amounts 
of 4-alkyl-1,2,4-triazoline-3-thione ( 5 ) .  Thus treat- 
ment of 2 (R = CHa) with a tJTofold excess of triethyl 
orthoformate results in the format'ion of both 4 (R = 
CH,) and 5 (R = CH,) in 39 and 34.5y0 yield, respec- 
tively. Heating of the presumed intermediate,5asb 
ethyl format'e 4-rnethylthiosemicarbazone (3, R = 

(4) R. A t .  Roberts and P. J. Vogt, "Organic Syntheses." Collect. Val. IV,  
Ii. Rabjohn, Ed., Wiley, New York, 1J. I?., 1963, p 420. 
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and J. J. Traverso, J .  Amer. Chem. Soc., 77, 6872 (1955); (d) B. Stanovnik 
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