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The thermal decomposition of ortho-substituted ar- 
enediazonium tetrafluoroborate salts3 in the presence of al- 
iphatic or aromatic nitriles has been shown to result in the 
formation of the corresponding nitrilium tetrafluoroborate 
salts,4 some of which have been isolated.4a If these nitri- 
lium salts, formed in situ, are allowed to react with a sub- 
stituent, either an aromatic ringlctsa or a h e t e r ~ a t o m , ~ ~ - ~  
positioned ortho to it, a facile entry into a number of novel 
heterocyclic ring systems results. For example, the synthes- 
es of substituted. phenanthridine~,lb>~a morphananthri- 
dines,5a dibenzo[b,f] [1,4]0xazepines,~~ dibenzo[b,fl[1,4]thia- 
~ e p i n e s , ~ ~  4H- [3,1] benzoxa~ines,~a,b,d and benzoxazo le~~~  
have been described. 

In a few examples cited where the nitrilium ion attacks a 
h e t e r o a t ~ r n , ~ ~ - ~  the heteroatom is usually unsubstituted.6 
It was of interest to us to investigate the decomposition of a 
diazonium salt in which the heteroatom is blocked by an 
alkyl group. We describe here a study of the decomposition 
of diazonium salt 2 in acetonitrile solution in which a cycli- 
zation reaction is observed, albeit accompanied by frag- 
mentation. 

The diazonium tetrafluoroborate salt 2, readily obtained 
from the amine 1,7 was decomposed in refluxing acetoni- 
trile solution. After aqueous bicarbonate work-up three 
products were obtained and identified as 3-(2-acetamido- 
pheny1thio)propionitrile (3), 2-methylbenzothiazole (4), 
and 3-(2-fl~orophenylthio)propionitrile (5) (Scheme I). 

Table I 
Results of the Thermal Decomposition of 2 in 

Refluxing Acetonitrilea 

~ 

1.17 13 39 48 
0.19 29 41 29 
0 .05  100 
0 .02  1ooc 

0 In  each case, the reaction time was 20 hr. * Determined 
by nmr. Analysis (tlc) of the crude reaction mixture, after 
hydrolysis and work-up, indicates the presence of a single 
component; recrystallization from toluene affords the amide 
3, mp 89-90 '. 

counts for the formation of the products 3-5. In the first 
step the diazonium salt 2 undergoes decomposition in the 
acetonitrile solution with the evolution of nitrogen gas to 
form the nitrilium tetrafluoroborate salt 6 .  This salt may 
cyclize in a reaction which is probably reversible to give 7, 
and then fragment, with the loss of the cyanoethyl moiety, 
to give 2-methylbenzothiazole (4). The formation of the 
amide 3 undoubtedly arises from hydrolysis, during the 
work-up, of uncyclized nitrilium salt 6, a reaction for which 
there is ample p re~eden t .~b  The fluoronitrile 5 most proba- 
bly arises from the reaction of tetrafluoroborate ion with 2 
(Baltz-Schiemann reaction),ll although the formation of 5 
from 6 cannot be ruled out. 

As noted earlier, the product composition in the decom- 
position of 2 in acetonitrile solution varies with concentra- 
tion (Table I). The variation of the amount of 3 and 5 ap- 
pears to be consistent with two competitive divergent reac- 
tion pathways (Scheme 11). In concentrated solution tetra- 
fluoroborate ion competes favorably with acetonitrile in 
the reaction with 2, and, as a result, the amount of fluoroni- 
trile 5 which is formed, relative to the total amount of 
products (3 + 4) derived from the nitrilium ion 6, is appre- 

Scheme I 
i .  HBF, 

1 

AczO 
NaOAc 

5 3 4 

Scheme I1 The ratio of these products was found to vary dramatically 
with concentration as may be seen by the product ratios 
summarized in Table I. 

The structure of amide 3 was confirmed by independent 
synthesis from the amine 1. The benzothiazole 4 was iden- 

\ A ,  -CH,CN 

a ' - c N  
N=CCII, 

BF,- 

tified by comparison of its infrared and pmr8 spectra and 
glc retention times with those of 4 obtained commercially. 

- N2 
+ 7 

J. 4 NaHC0, (as) 4 

The structure of the fluoronitrile 5 follows from its elemen- 
tal analysis, infrared and pmrg spectra, mass spectral frag- 
mentation pattern,1° and independent synthesis from 
2*1',12 

6 

In Scheme I1 we outline a possible mechanism which ac- 3 
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ciable. In cont ras t ,  in dilute solution the reaction of aceto- 
nitri le w i th  2 is dominant and in very dilute solution no 
p roduc t  der ived  f rom reaction of tetrafluoroborate ion with 
2 could be detected and only  the amide 3 was obtained. 

One puzzling aspect of the decomposition of 2 in acetoni- 
trile is the way in which the yield of benzothiazole 4 varies 
with concentration. The fact that 4 is only obtained from 
the decompositions of 2 in relatively concentrated solutions 
and that 4 is totally absent from the products of decompo- 
s i t ion  of 2 in dilute solutions argues against  a unimolecular 
decomposition of the presumed intermediate cyclic sulfoni- 
u m  salt 7. It would appear that one or more  of the s ta r t ing  
materials or p roduc t s  is involved in the decyanoethylation 
of 7 to  give 4.13 Solvation effects on in te rmedia tes  6 or 7 
migh t  also play a role in  the variation in the amounts of 4 
as well as 3 and 5 which are formed.  The reaction sequence 
to give 4, as we have formulated it, is undoubtedly an in- 
complete oversimplification of the actual events and, in re- 
ali ty,  may be considerably more complicated. Further stud- 
ies, involving the synthesis of heterocyclic ring systems 
using d iazonium salts, are continuing. 

Experimental Section 
Genera l  Procedures.  Spectra were determined as follows: ir, 

Vaseline mull, Perkin-Elmer 337; nmr, CDC13 solution, Varian A- 
60A; mass spectra, Hitashi Perkin-Elmer RMU-6A operating at  70 
eV. Elemental analyses were performed by Chemalytics, Inc., 
Tempe, Ariz. Melting points were measured in a Thomas-Hoover 
apparatus and are uncorrected. Analysis by thin layer chromatog- 
raphy (tlc) involved the use of Eastman Kodak precoated silica gel 
sheets, with fluorescent indicator, as the adsorbent, elution with 
chloroform, and visualization with iodine vapor and/or with ultra- 
violet light. Analysis by glc was performed using a 210 X 0.6 cm i.d. 
Pyrex column packed with 25% DC Hyvac silicone grease on 60-80 
mesh Chromosorb P at  190'. Preparative separations were per- 
formed using an annular column 160 cm long made of a 3.2-cm 0.d. 
Pyrex tube surrounding an inner 1-cm o,d. sealed Pyrex tube the 
annular space of which was packed with 20% silicone grease on 
60-80 mesh Chromosorb P a t  140'. 

Prepara t ion  of 3-(2-Aminophenylthio)propionitrile (1). A 
solution of freshly distilled o-aminothiophenol (50.1 g, 0.40 mol) in 
acrylonitrile (42.6 g, 0.77 mol) was stirred for 0.5 hr a t  room tem- 
perature and then allowed to stand overnight. The crude product 
was distilled a t  1 atm and two fractions, bp 62 (ea. 5 ml) and 76' 
(ca 35 ml), were discarded. The remainder was distilled at  reduced 
pressure, providing the aminonitrile 1, 53.5 g (74%), bp 128-134' 
(0.12 Torr), which solidified, giving almost colorless crystals, mp 
44-46', Recrystallization from benzene raised the melting point to 
45.5'. 

Anal Calcd for CgH10NzS: C, 60.64; H, 5.61. Found: C, 60.43; H ,  
5.61. 

Ir (Vaseline) 3490 m, 3390 (NHz), 2260 w-m (CN), 750 cm-l s 
(aromatic ring, 1,2 d i s~bs t i t u t ed l~ ) ;  nmr (CDC13) 6 2.47 (2 H, m, - 
CHzCN), 2.98 (2 H,  m, -CHzS-), 4.21 (2 H,  br s, -NHz), 7.37-6.40 
(4 H, m, aromatic). 

An alternate method of preparing 1 was also evaluated. A solu- 
tion of 2-aminothiophenol (125 g, ea. 1.0 mol) in acrylonitrile (200 
ml) was stirred for a total of 48 hr. The excess acrylonitrile was re- 
moved by distillation a t  1 atm and the residual material was re- 
crystallized three times from toluene to give 49.8 g (28%) of 1, mp 
41-42.5'. The yield of 1, prepared in this way, was not optimized, 
and a work-up of the mother liquors would probably have raised 
the yield significantly. 

Synthesis of 2-(Cyanoethylthio)benzenediazonium Tetra- 
fluoroborate (2). To  a cooled (-So), vigorously stirred solution of 
1 (10.1 g, 0.057 mol) in 48-50% fluoroboric acid (50 ml) was added 
dropwise during 25 min a solution of sodium nitrite (12.0 g, 0.174 
mol) in 10 ml of water. The temperature was maintained between 
-5 and 0O. After addition was complete, the green slurry was 
stirred for an additional 10 min and then filtered. The crystals 
were washed with cold ether and dried a t  25" under vacuum, af- 
fording 14.3 g (90.5%) of 2, mp 82-83' dec, which was stored a t  0' 
in an aluminum foil-wrapped bottle. Recrystallization of 2 from 
methanol-ether raised the melting point to 86.5' dec. 

Anal. Calcd for C ~ H S B F ~ N ~ S :  C, 39.01; H ,  2.89. Found: c, 39.28; 
H, 2.71. 

Ir (Vaseline) 2230-2250 m (CN, N2+), 1460 s, 1370 m, 1040 m, v 
broad, 760 cm-l s (aromatic ring, 1,2-disubsticutedl4). 

The tetrafluoroborate salt 2 is a yellow, crystalline solid which is 
stable indefinitely when kept a t  Oo and protected from moisture 
and light. The salt 2 appears to decompose slowly if kept a t  room 
temperature. The decomposition is indicated by a darkening of the 
yellow color of the crystals. 

The rma l  Decomposition of 2 in Acetonitrile Solution. Gen- 
eral Procedure.  An acetonitrile solution of 2 in a round-bottomed 
flask equipped with a reflux condenser, magnetic stirrer, and gas 
bubbler was plunged into a preheated (95-100") oil bath. After a 
few minutes gas evolution began and the solution started to reflux. 
Gas evolution ceased after 20-30 min and boiling was continued 
for a total of 20 hr. The reaction mixture was cooled, the acetoni- 
trile was removed under vacuum, and the residue was dissolved in 
CHC13 (50-100 ml). The CHC13 solution was then washed with sat- 
urated aqueous NaHC03 solution (3 X 75 ml) and dried (anhy- 
drous Na2S04) and the CHC13 was evaporated. Table I summa- 
rizes the detailed results of these decompositions. 

The rma l  Decomposition of 2 i n  Sand. The diazonium fluo- 
roborate 2 (5.0 g, 0.18 mol) was combined with 50 g of sand and 
placed in a flask that was heated to 80-85'. Gas evolution had 
ceased and the color of the diazonium salt had disappeared after 
15-20 min, but heating was continued for a total of 1 hr. After 
cooling the sand was leached overnight with methylene chloride, 
which was washed with saturated sodium bicarbonate solution, 
dried (anhydrous sodium sulfate), and evaporated, giving 2.6 g 
(80%) of an oil which was shown to be 3-(2-fluorophenyl- 
thi0)propionitri le ( 5 ) .  An analytically pure sample of 5 was ob- 
tained by preparative glc. 

Anal. Calcd for CgHsFNS: C, 59.64; H,  4.45. Found: C, 59.81; H, 
4.54. 

Ir (film) 3050 w, 2925 w, 2240 m (CN), 1260 m, 1220 m, 1120 m, 
1070 m, 955 w, 815 m, 750 cm-l s (aromatic ring, 1,2-disubsti- 
tutedI4); nmr (CDC13) 6 2.50 (2 H,  m, -CH$N), 3.08 (2 H, m, 
-CHzS-), 7.55-6.66 (4 H,  m, aromatic); mass spectrum mle (re1 in- 
tensity) 181, M+ (531, 141 (loo), 127 (13), 83 (33). 

Acetylation of 3-(2-Aminophenylthio)propionitrile (1). A 
solution of I (1.07 g, 0.59 mol) in acetic anhydride (25 ml) with a 
catalytic amount of sodium acetate was heated a t  90' for 3 hr. The 
solution was cooled and poured over ice with stirring. The result- 
ing solid was collected, washed with water, and dried, providing 
1.24 g (95%) of crude product. Recrystallization from toluene gave 
analytically pure 3-(2-acetamidophenylthio)propionilrile (3), 
mp 89.5-90". 

Anal. Calcd for CllH1ZNzOS: C, 59.97; H, 5.49. Found: C, 59.82; 
H, 5.55. 

Ir (Vaseline) 3040 m (NH), 2230 m (CN), 1660 (amide I ,  C=O), 
1525 m, 1565 m (amide 11), 1010 m, 750-760 cm-' s (aromatic ring, 
1,2-disubstituted14); nmr (DMSO-ds) 6 2.68 (2 H, m, -CHzCN), 
3.09 (2 H,  m, -CH2S-), 2.08 (3 H,  s, COCHd, 7.66-7.00 (4 H,  m, ar- 
omatic), 9.11 (1 H,  br s, NH). 
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In connection with syntheses in these laboratories, the 
compound 1 was desired. In an attempt to prepare it the 
following approach was adopted; however, this gave the ep- 
imeric compound 6. 

Addition of slightly more than 1 equiv of methylmag- 
nesium iodide to the lactone 2,l obtained by Baeyer-Villig- 
er oxidation of adamantanone, gave a monoadduct in 80% 
yield. The infrared spectrum showed absorptions a t  3370 
and 1720 cm-l consistent with the structural formula 3. 
The nmr spec1,rum was more consistent with a mixture of 3 
and the cyclic hemiacetal 4 (in the ratio L4). Attempts to 

1, Ri= R3 H R2 = CH,C=CH, 
I 

I 
3, R, = R3 = H; R2 = COCH, 
6, R, = R2 = H R3 = CH,CLCH, 

7, R1 = R2 = H; R3 = COCH, 
8, R, = R, = COCH,; Rz = H 
9, R1 COCH3, R, = H; R3=CH3C=CH2 

I 

2 

I f ' O Y  

4 5 

acetylate or benzoylate this product in pyridine gave a mix- 
ture of unchanged starting material and a liquid product in 
both cases. The spectral properties of the new product were 
consistent with the structure 5: vmax 1650 cm-l (enol 
ether); nmr (CC14) 6 4.62 (methylene group). 

A Wittig reaction2 on the ketol 3 using methylenetri- 
phenylphosphorane in ether was incomplete even after 48 
hr. However, a compound having spectral properties con- 
sistent with the structure 1 could be isolated in 60% yield: 
umaX 3350, 3080, 1640, and 885 cm-l; nmr (CC14) 6 4.66 
(methylene protons), 3.95 (proton next to oxygen), 3.14 
(hydroxylic proton), and 1.68 (vinylic methyl group). 

Because of the sluggishness of the Wittig reaction, epim- 
erization a t  the center C7 in the ketol 3 may have occurred 
prior to reaction. Therefore doubt existed as to whether the 
compound formed had structure 1 or structure 6. The con- 
figuration of the isopropenyl side chain was established in 
the following manner. 

Equilibration3 of the ketol 3 with sodium methoxide in 
methanol gave a mixture of epimers in approximately a 1:l 
ratio which could be separated by preparative tlc. The 
compound of lower Rf was the new epimer 7 which was 
readily converted to the acetate 8. Moreover, the Wittig 
reaction on the ketol 7 was complete'in less than 15 hr and 
gave a compound identical in all respects with that pre- 
pared from the ketol 3. Furthermore, this compound from 
the Wittig reactions was converted to its acetate 9 and the 
double bond in the molecule was cleaved by ozonolysis to 
give a compound which was identical by melting point and 
mixture melting point to the compound 8 prepared above. 
This establishes that the product of each Wittig reaction is 
the compound 6, the C7 epimer of compound I. 

Experimental Section 
General Mel t ing  points  were recorded o n  a Kofler h o t  stage and 

are uncorrected. In f ra red  spectra were recorded o n  a Perk in-Elmer 
337 spectrophotometer. Nmr spectra were recorded o n  a Var ian 
T-60 spectrometer using TMS as an in ternal  standard. Mass spec- 
t r a  were recorded o n  a H i tach i  Perk in-Elmer RMU-6D spectrome- 
ter. Elemental analyses were performed by the Austral ian Mi- 
croanalytical Service, Melbourne. A l l  preparative t l c  plates were 
prepared f rom 50% Kieselgel G and 50% HF 254 applied to  the 
glass plates as a suspension in water, and activated a t  120O. 
endo-7-Acetyl-endo-3-hydroxybicyclo[3.3.l]nonane (3). 

Methylmagnesium iodide (6 ml, 2.33 M, 0.013 mol)  was added 
slowly under nitrogen t o  a st irred solution o f  the lactone 2 (1.8 g, 
0.01 mol)  in ether (20 m l )  and after the addi t ion s t i r r ing was con- 
t inued for a further 2 hr a t  20'. The mixture was cooled, treated 
w i t h  saturated ammonium chloride solut ion (10 ml) ,  and extracted 


