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Formation and Rearrangement of Adducts from Benzyne and Substituted 
2J.3- Benzoselenadiazoles 

By Martin R. Bryce, Colin D. Reynolds, Peter Hanson, and John M. Vernon,* Department of Chemistry, 
University of York, Heslington, York YO1 5DD 

A series of 5- (1,2-benzoseIenazol-3-yl)pentadienonitrile derivatives (2) has been prepared by addition of benzyne 
to substituted 2,1,3-benzoselenadiazoles. Some of these adducts rearrange either thermally or photochemically 
to give 2-(2-pyridyl)phenyl selenocyanates (7), which are reduced to 2-phenylpyridine derivatives (6) or 
hydrolysed to give ultimately, diselenides (9). 
the mechanism of its rearrangement discussed. 

BENZYNE and 2,1,3-benzoselenadiazole (la) give the 1 : 1 
adduct (2a) by a remarkable rearrangement of the original 
heterocyclic system.l Proof of the structure (2a) rests 
upon detailed n.1n.r. spectroscopic evidence, analogy to 
the isoxazole derivative (3a),2 and ozonolysis to give 1.,2- 
benzoselenazole-3-carbaldehyde. We now report the 

a-i; substituents and 
stereochemistry 
as in Table 1 

R 

( 3 )  

a ; R =  H 
b ; R = M e  

cliaracterisation of the related benzyne adducts from a 
series of substituted 2,1,3-benzoselenadiazoles (1 b - e )  
and the rearrangement of some of these adducts (2) into 
biaryl selenocyanates. 

RESULTS AND DISCUSSION 

The new lJ2-benzoselenazole derivatives (2b-i) are 
listed in Table 1 together with essential l H  n.m.r. data. 
All of them were obtained in lower yield than the parent 
adduct (2a), and isomeric adducts were imperfectly 
separated from one another. All showed i.r. absorption 
close to 2 200 cm-1 for a conjugated nitrile. All except 
(2e) showed the lI-I n.m.r. signal for one proton (R1 = Ha) 
upfield of all the others due to shielding by the nitrile 
group. The splitting of this signal, Jab, is crucial for the 

The crystal structure of one benzyne adduct (2b) is reported and 

assignment of structure, showing whether the CN group 
is cis or trans with respect to the side-chain or, by the 
absence of splitting of this magnitude (> 10 Hz) , that the 
adjacent carbon is substituted (K2 # H). The same 
resonance also shows a weaker splitting where R1 = R4 
= H, except in the case of adduct (2b), in which the 
side-chain is very much out of plane (see below). The 
magnitude of this splitting is greater ( l a d  ca. 1.6 Mz) for 
a cis,cis side-chain stereochemistry (i.8. with €3, and Hd 
trans,trans) than it is for a cis,trans configuration ( l a d  

ca. 0.6 Hz), in accord with observations made on other 
substituted b ~ t a d i e n e s . ~  In the spectra of those adducts 
in which R2 = HI, another resonance could be identified 
as that of Hb using double-resonance techniques to de- 
couple the AB spin system. 

Two of these adducts (2c and g) have a trans con- 
figuration of the nitrile-substituted double bond, al- 
though it is likely that addition of benzyne gives an all- 
cis configuration in the first instance1 With a sub- 
stituent R2 # H it is more difficult to assign the stereo- 
chemistry from n.m.r. evidence. Adduct (2b) has the 
cis,cis-stereochemistry and both Ha and Hd give quartets 
in the n.1n.r. spectrum; the splitting (JIjMe 1.6 Hz) is 
similar to those reported for compounds (4a and b), also 
having the cis co~i f igura t ion .~~~ However, the magni- 
tude of the splitting cannot distinguish with certaint;. 
between geometrical isomers.G An analogous adduct 
(2i) was obtained in low yield from benzyne and naphtho- 
[1,2-c][l,2,5]selenadiazole (5) ; its structure, which is 
established by the n.m.r. data (Table 1) and other 

Me 

NC .-?-/’“ 
R 

a ;  R = Me 
b ; R = H  

evidence (see Experimental section), shows surprisingly 
that addition of benzyne has occurred to the more 
hindered C=N-Se grouping in the heterocycle (5). 

The very low-field position of the resonance of Hb in 
adducts (2f and g) is attributable to deshielding by the 
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heteroaromatic ring, which lies close to HI,, provided the 
R4C=CR3 moiety has a cis-configuration as in (2a).l 
The adducts (2c and e), in which Hb is less deshielded, 
may contain trans-R4C=CR3, as reasoned for stereo- 
isomers of adducts (2a) and (3a).2 Certainly the magni- 
tude of the coupling constant Jcd proves a trans con- 
figuration in the adduct (2d). 

In  the proton-decoupled 13C n.m.r. spectrum of the 
adduct (2b) satellite peaks due to coupling with "Se 

Coni- 
pound R1 R2 

(2b) Ha Me 
(2c) H, Me 
(2d) H, Me 
(2e) Br  Hb 

(2h) Ha C1 

(2a) Ha Hb 

(2f) Ha Hb 

(2g) Ha Hb 

(2i) Ha Hb 

side-chain serves to diminish steric crowding of the 
various substitutuents on the butadiene moiety. Details 
of the molecular geometry of (2b) are given in Table 2. 
The N-Se bond length (1.83 A) in (2b) agrees with values 
reported for compound ( la)  and for 1 ,Z-benzoselen- 
azole.* The heterocyclic C-N bond distance (1.29 A) is 
significantly shorter than that in 1,2-benzoselenazole 
or than that in ~ y r i d i n e , ~  and indicates a relatively 
localised double bond as in formaldoxime (1.276 A).10 

TABLE 1 
IH N.m.r. data of benzyne adducts (2) a, 

Hh H d  J a b  
cis 5 . 4 6 ~  8.28 = G,d 11.1 

f 
f 

f 

R1C=CR2 H, 

cis 5.09 e 6.71 c 

trans 5.69 7.37 7.05 (br) 16.4 
5.35 (br) 7.16 !I 

7.41 h 

5.69 8.37 d 12.4 cis 
trans 6.17 8.78 d 16.3 

5.50 d 
5.39 '7.14 12.4 cis 

J a d  J h c  Me J H M ~  
1.5 11.8 
ca. 0 2.13, 2.15 1.6 
0.6 2.36 1.2 
(1 8.17 1.6 

1.5 
0.8 
1.2 

15.0 

I n  CDCl,, 8 in p.p.m. downfield from internal SiMe,, J in Hz. All showed Ar-H multiplets at 6 7.8--8.3. C f .  6 5.95 (Ha) ,  
19 Cf. 6 5.54 (Ha) and 7.01 (H<,) in (CD3),S0 : 

Also S ?.03 (Hc).  
7.38 (Hd), and 8.38 (Hb) in (CD,),SO reported in ref. 1. 
Ar-H assignments in Experimental section. 

Not resolved from Ar-H. 
fstereochemistry not assigned. g Also 8 7.63 (H,.), Jcd 15.5 Z-lz. 

(IlJcSl 129 and 2 J ~ e e  11 Hz) confirm the identity of the 
hetero-ring carbon atoms at chemical shifts (6 137, 152, 
and 163) very similar to those recorded for (2a),l but un- 
expectedly the resonance of another non-protonated 
carbon atom appears further downfield (6 166). The 
isoxazole (3b), prepared for comparison, also showed one 
carbon resonance (6 163) downfield of those for the car- 
bony1 groups. By analogy with compound (4a), in 
which the methyl-substituted carbon resonance is a t  6 
160, the strongly deshielded carbon atom in (2b) and (3b) 
must be either C-3 or C-4 of the side-chain (numbering 
from CN). Of these, C-3 is the more likely because of 
conjugation with the nitrile group. 

Although the C-Se-X bond angle (91.0') found for (2b) 
is larger than that at selenium in some other five- 
membered rings,ll i t  is still smaller than the values (95") 
reported for the angle a t  sulphur in two 1,2-benzothi- 

TABLE 2 
Molecular geometry of benzyne adduct (2b) with estimated 

standard deviations in parentheses 
Bond lengths (A) Bond angles (") 

Ring atoms 
Se( 1)-N( 2) 
N (2)-C (3) 
C( 3)-C( 3a) 
C (34-C (4) 
C(4)-C(5) 
C(5)-C(6) 
C(G)-c(7) 
C ( 7) -C ( 7 a) 
C( 7a)-C(3a) 
C (7a)-Se ( 1) 

Side-chain 
C(3)-C(8) 
C W C ( 9 )  

c (9)-c ( 10) 
C( 10)-C( 1 Oa) 
C( 10)--C( 11) 
C(l1)-C(12) 

C( 9)-C( 9a) 

C( 12)-N (13) 

1.833 (7) 

1.477 (1 3) 
1.413(13) 
1.455( 14) 
1.458( 17) 
1.358 ( 1 7) 
1.407(14) 
1.424( 14) 
1.845( 11) 

1.292( 11) 

1.476(12) 

1.513(13) 
1.5 1 7( 1 3) 
1.510(14) 
1.352( 13) 
1.475( 17) 
1 . 1 45 ( 1 5) 

1 .sa 1 (1 2) 

C('7a)-Se(1)-N(2) 
Se(l)-N(2)-C(3) 
N ( 2)-C ( 3)-C ( 3a) 
C (3)-C( 3a)-C (?a) 
C (3)-C ( 3a)-C (4) 
C( 7a)-C(3a)-C(4) 
C ( 3a)-C (4)-C (5) 
C(4)-C(5)-C(6) 
C( 5)-C( 6)-C( 7) 
C(6)-C(7)-C(7a) 
C( 7)-C( 7a)-C( 3a) 
C ( 7)-C ( 7a)-Se ( 1) 
C(Sa)-C(7a)-Se( 1) 
N(2)-C(3)-C(8) 
C ( 3a)-C (3)-C ( 8) 
C( 3)-C( 8)-C( 9) 
C (8)-C (9)-C (9a) 
C( 8)-C (9)-C( 10) 
C (9a)-C (9)-C ( 10) 
C( 9)-C (10)-C( 1 Oa) 
c(9)-c(lo)-c(l l)  
C( lOa)-C(lO)-C( 11) 
c( lo) -c ( l l ) -c ( l2)  
C( 1 1)-C( 12)-N( 13) 

91.0(4) 
109.6(6) 
1 19.8(9) 
110.3(9) 
12 7.0( 10) 
1 22.6( 9) 
116.1( 11) 
11 8.8( 12) 
123.8( 11) 
11 7.5( 12) 

129.5( 10) 
109.2 (7) 
122.0(9) 
1 18.2 (9) 
125.2(10) 
1 20.9 ( 1 0) 
124.2(10) 
114.9( 8) 
117.5(10) 
121.6( 11) 
120.3( 1 1) 
118.9(11) 

121.1( 11) 

176.1( 16) 

azole derivatives l2 and consistent with the observation u 
FIGURE The molecular structure of compound (2b) and the titom that the bond angle a t  the hetero-atom decreases wit11 

numbering scheme (hydrogen atoms not shown) increase in atomic number.13 
The structure of adduct (2b) was confirmed by X-ray U.V. irradiation of adduct (2b) in solution caused its 

diffraction, which shows a dihedral angle of 84" about the quantitative isomerisation into a new compound 
central C-C bond in the side chain (Figure). Examin- C,,H,,N,Se. The same transformation occurred on 
ation of molecular models confirms that twisting of the heating (2b) alone or in solution at  or above 140 "C. 
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The i.r, spectrum of the product showed only a very 
weak absorption at  2 132 cm-l in place of the E N  absorp- 
tion at  2 220 cm-l for (2b); this is outside the normal 
range for nitriles,14 and unlike the strong absorption 
characteristic of i~onitri1es.l~ In the mass spectrum of 
the new compound the molecular-ion peaks were rela- 
tively less intense than for (2b), and the base peak (sn/e 
262.014) had the composition Cl3Hl2Ns0Se (calc. nz/e 
262.014) corresponding to A!!+ - CN and implicating the 
presence of a C-N grouping of some kind. We therefore ( 2 b )  --+ 

ArSeCN (Ar = C13H12N), analogous to some compounds 
which show i.r. absorption l6 of moderate intensity 

(2b) to give the intermediate (S), which could rearrange 
further via an ionic, free radical, or concerted mech- 
anism. Evidence to support an ionic pathway (Scheme) 
for the rearrangement in refluxing NN-dimethylform- 
amide is provided by the formation of silver cyanide 
(77%) in the presence of dissolved silver nitrate. No 

@H 
formulate the rearranged product as a selenocyanate, 

between 2 150 and 2 160 cm-l. In  the 13C n.m.r. I 

Se CCN 
( 8 1  

spectrum of our rearranged product the peak assigned 
to CrN (6  144) showed widely spaced satellites due to 
coupling with ”Se (I1JcSel 244 Hz) comparable to that 
observed for KSeCN in 2H20 (IIJcael 268 Hz). 

The lH n.m.r. spectrum of the rearranged product 
showed the singlet resonances for two protons (Ha and 
Hd) (broadened by unresolved coupling to the methyl 
groups on the intervening carbon atoms) shifted down- 

- 
SCHEME 

(to and 8*18) from their Positions in (2b), 
that the butadiene side-chain Of (2b) was now 

silver cyanide was obtained from (7a) and silver nitrate 
under the Same conditions. In  another control experi- 

incorporated into an aromatic ring. Computer simul- 
ation of the resonances due to the other aromatic protons 

ment, the selenocyanate (7a) was found to exchange 
cyanide with K14CN, so a random distribution of 

a ; R = M e  
b ; R = C I  
c ; R = H  

isotopically labelled cyanide was attained after several 
minutes in refluxirig NN-dimethylformamide ( c j .  ex- 
change reported for benzyl selenocyanate 20). This 
result unfortunately invalidated an attempt to obtain 
further evidence for an ionic mechanism by observing 
incorporation of radioactive carbon during the rearrange- 
ment (2b) - (7a) in the presence of K14CN. 

There are precedents for the hydrolysis of seleno- 
cyanates to selenols, which are oxidised by air to di- 
selenides.21 Acidic hydrolysis of the rearranged adduct 
(7a) afforded in 84% yield a compound recognised as the 
diselenide (9a) on the basis of analytical and spectro- 

Hd R2 

#Ha 

\ SeCN 

( 7 )  

a ; R ’ = R 2  =Me 
b ; R ’ =  R2 = C I  C 

c ; R ’ = C I  , R 2 = H  
d ;R ’=H,R ’=CL  

gave values for the chemical shifts and coupling con- 
stants (see Experimental section) different from those for 
(2b) but still consistent with the presence of an o-di- 
substituted benzene ring. 

Reductive deselenisation 17 of the rearranged product 
with Raney nickel replaced the SeCN group by H, and 
gave an oil, C13H13N, which was identified as 4,5-di- 
methyl-2-phenylpyridine (6a) by comparison of its U.V. 

absorption with that of 2-phenylpyridine (6c) l8 and of 
its i.r. spectrum with that reported for (6a),19 and by 
preparation of its picrate for m.p. comparison. This 
evidence allows the assignment of structure (7a) to the 
rearranged adduct formulated above as ArSeCN. The 
magnetic deshielding experienced by the protons Ha and 
H,1 is due to their situations, one at  the 6-position of the 
pyridine ring, the other a t  the 3-position next to the 
phenyl substituent. 

To account for the formation of (7a) we envisage an 
clcctrocvclic rearrangement involving the side chain of 

R2 

“’Q \ N  

b”-se g R 2  

( 9 1  

a ; R’ = R2 = Me 
b ; R ’ = H , R 2  =Cl 

scopic evidence. In the mass spectrum the molecular- 
ion peaks are of very low intensity, but stronger peaks 
appear for the selenide ion M +  - Se and the base peak 
(m/e 262.013) is due to C13H12NsoSe, the same as that for 
(7a). The same diselenide (9a) was also obtained from 
the reaction in which the benzyne adduct (2b) was heated 
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with silver nitrate in NN-dimethylformamide. Form- 
ation of (9a) in this case corresponds formally to reduc- 
tion of C,,H,,NSe+; the solvent may be the reducing 
agent. 

The addition of benLyne to 5-chloro-2,1,3-benzoselena- 
diazole (Id) gave a complex mixture of products 
including not only the positional and stereo-isomers 
(2f-h) ip the nitrile series (Table 1) but also the cor- 
responding rearranged adducts (7c and d) of the seleno- 
cyanate series. The latter were characterized by their 
weak i.r. absorption between 2 135 and 2 140 cm-l and 
by hydrolysis of (7d) to the diselenide (9b). U.V. 
irradiation of (2f) also produced (7d), for which the 
proton resonance appearing at lowest field (6 8.58) was 
again that for 6-H of the pyridine ring, and its doublet 
splitting 5.6 Hz) is consistent with the chlorine 
atom occupying the 4-position. 

Formation of small amounts of the selenocyanates (7c 
and d) from (Id) under the relatively mild conditions for 
generation of benzyne from benzenediazonium-2-carb- 
oxylate in refluxing tetrahydrofuran implies that 
chlorine substituents on the side-chain of structure (2) 
somehow facilitate the rearrangement. In  keeping 
with this, 5,6-dichloro-2,1,3-benzoselenadiazole (lg) and 
henzyne afforded directly the rearranged adduct (7b) 
in 6576 yield; even when benzyne was generated at 
40 "C instead of ca. 65 "C, none of the nitrile ( l la)  was 
isolated. Reductive deselenisation of (7b) as before 
gave 4,5-dichloro-2-phenylpyridine (6b), which was 
identified from analytical and spectroscopic evidence 
and by znalogy with (6a). Hydrogen at the 6-position 
of' the pyridine ring in both compounds (6b) and (7b) 
gave a, strongly deshielded singlet resonance (see Ex- 
perimental section). 

Rearrangement of the benzyne adducts (2a and e) of 
the nitrile series could not be induced by heating or 
photochemically. Still more unexpected was the isol- 
ation of the nitrile ( l l b )  in low yield from the reaction of 

CI 

R '  Ro:N;X N wlN C P C N  

(16 1 ( 1 1  1 

a; R = Me,X = 0 
b ;  R =CL , X = S  

a ; X = S e  
b ; X = S  

5,6-dichlor0-2,1,3-benzothiadiazole (lob) with benzyne, 
and our failure to obtain a thiocyanate analogous to (7b) 
OR U.V. irradiation of ( l lb ) .  The nitrile (3b), which was 
obtained from the photochemical addition of dimethyl 
acetylenedicarboxylate to 5,6-dimethyl-2,1,3-benzoxa- 
diazole (loa), also failed to rearrange. These results do 
not sufficiently clarify the role of side-chain substituents 
in promoting the rearrangement (2) - (7), but the 
twist of the side-chain in (2b) may be a contributing 
factor. 

EXPERIMENTAL 

1.r. spectra were recorded for Nujol mulls, unless other- 
wise stated, on a Unicam SP 200 or SP 1025 spectrophoto- 
meter; the position of E N  absorptions was also determined 
more accurately on a Perkin-Elmer 621G or 580 spectro- 
photometer. lH N.m.r. spectra were recorded at 100 MHz 
on a JEOL JNM-MH-100 spectrometer, and 13C n.m.r. 
spectra a t  15 MHz on a JEOL JNM-FX-60 spectrometer for 
solutions in deuteriochloroform or in other solvents as 
stated; chemical shifts are quoted in 6 downfield from 
tetramethylsilane as internal standard ; multiplicities are 
those for C-€I coupling in off-resonance 13C spectra, and 
C-Se couplings are mentioned in the Discussion section. 
Mass spectra were obtained by electron impact at 70 eV on 
a Kratos-AEI MS12 or MS30 spectrometer, with high- 
resolution measurements made on the latter instrument. 

Photochemical experiments utilised a Hanovia 100-W 
medium-pressure mercury arc lamp in a water-cooled 
Pyrex jacket immersed in the solution, which was stirred by 
a slow stream of bubbling nitrogen. 

cis,cis-3,4-l~imethyZmucononitrile (4a) .-Oxidation of 4,5- 
dimethyl- 1,2-~henylenediamine with lead tetra-acetate, as 
described,22 gave the nitrile (4a) (51%) as tan needles, 
m.p. 107-108 "C (from carbon tetrachloride) (lit.,4*22 n1.p. 
95 "C, 107-108 "C); vmx. 2 220 cm-1 ( E N ) ;  6c: 159.7 ( s ,  
C-3 and C-4), 115.2 (s, C-N), 98.8 (d, C-2 and C-5), and 
21.8 (q, Me). 

Fused 1,2,5-Selenudiazoies.-Chloro- and methyl-sub- 
stituted 2,1,3-benzoselenadiazoles (lb-d and g) and 
naphtho[l,2-c] [1,2,5Jselenadiazole (5) were prepared from 
the corresponding o-diamine and selenium dioxide ; 4,7- 
dibromo-2,1,3-benzoselenadiazole ( le) was obtained by 
bromination of (la); 23 all their m.p.s were in agreement 
with literature  value^.^^-^^ Bromination of (lb) under the 
same conditions as for (la) afforded 4,7-dibromo-5,6- 
diunethyZ-2,1,3-benzoseZenadzazoZe (If) (71 yo) as yellow 
needles, m.p. 267-268 "C (from ethanol) (Found: C, 26.0; 
H, 1.9; N, 7.4. C,H,BrzN2Se requires C, 26.0; H, 1.6; N, 
7.6%) ; BK 2.65 (6 H, s, Me) ; m/e 374/373/372/371/370/369/ 
368/367/366/365/364 (M', 6/4/50/9/ 1001 121831 13/30/6/8% ) 
and other multiplets a t  293-285 and 212-206 (loss of one 
and two Br atoms). 

General Procedure for Reactions with Benzyne .-Benzene- 
diazonium-2-carboxylate [from anthranilic acid (2.75 g, 
20 mmol), isopentyl nitrite (4.4 g), and trichloroacetic acid 
(ca. 30 mg)] 27 slurried in dry tetrahydrofuran was added in 
portions during 2 h to  a stirred refluxing solution of the 
selenadiazole (mass as stated, usually 20 mmol) in dry 
tetrahydrofuran (300 ml). After the addition was coni- 
plete the mixture was refluxed for a further 0.5 h. The 
solvent was evaporated and in some instances the unreacted 
selenadiazole was removed by steam-distillation. The 
residue was then chromatographed on a column of alumina 
and products eluted in the order reported, initially with light 
petroleum, b.p. 40-60 "C, then with progressively in- 
creasing proportions of diethyl ether. All the benzyne 
adducts (2b-i) of the nitrile series showed vnlaX. 2 200 cm-l 
(C-N) ; their lH n.m.r. spectra are given, in part, in Table 1 ; 
these and other products are further characterised by data 
reported below; yields of benzyne adducts are calculated in 
relation to the amount of benzyne precursor used. 

Henzyne Addition to 5,6-DimethyZ-2,1,3-benzoselenadiazole 
( lb)  (4.2 g).-Unreacted (lb) (1.3 g, 30%) was recovered. 
Next eluted was the adduct (2b) (3.3 g, 580/,), m.p. 102- 
104 "C (from methanol) (Found: C, 58.2; H, 4.3; N, 9.7. 



C14Hl,N,Se requires C, 5 8 . 5 ;  H, 4.2; N, 9.75%); 60 166.2 
(s), 162.6 (s, C-3), 152.0 (s, C-7a), 143.3 (s), 137.7 (s, C-3a), 
127.6, 125.3, 124.9, 124.6, and 119.9 (five d,  ring atoms 4-7 
and C-8), 116.7 ( s ,  E N ) ,  94.3 (d, C-ll), and 22.9 and 22.0 
(two q,  Me) ; m / e  290/289/288/287/286/285/284/283 (over- 
lapping niultiplets for Mf and [M - HIf, 4/10/75/90/40/70/ 
15/5%), 273 (20), 271 (15), s64/263/2c2/261/2c0/259/258 
[M - CN]+, 20/20/100/5/70/20/20), 183 (20), and 103 (30).  
The low-field region of the 'H n.m.r. spectrum was better 
resolved in (CD,),SO than in CDCI, ; computer-simulation 
using LAOCOON-3 gave the following parameters for the 
aromatic hydrogens: 6 8.30 (m, He), 8.23 (m, H h ) ,  7.60 
(in, Hf) ,  and 7.54 (m, Hg); J e f  8.2, Jes 1.0, Jell 0.55, J r s  
7.1, Jfh 1.4, and J g l ,  8.3 Hz. The methyl hydrogens 
absorbed as overlapFing doublets, S 3.13 ancl 2.15, J(H,Me) 
= J(HdMe) == 1.6 Hz. 

Preliminary cell dimensions and space group data for 
crystals of (2b) were obtained from rotation and Weissen- 
berg photographs. Accurate unit-cell dimensions were 
determined by a least-squares refinement of the values of 20 
reflections measured on a Hilger and Watts Y290 coniputer- 
controlled four-circle diffractonieter. Integrated intensities 
were collected up to 8 = 60" using the o-scan technique. 
1 921 Independent reflections were measured, of which 625 
with I < 341)  were classified as unobserved ancl not used 
in the structure determination. Corrections were applied 
for Lorentz and polarisation factors but not for absorption. 

Monoclinic, a = 

17.262(3), b = 6.957(1), G = 10.920(2) A, p = 99.61(2)", 
U = 1 293 %L3, 2 = 4, space group P2,/a, Cu-K, radiation, 
A = 1.540 5 A. 

Structure Analysis.-The structure of (2b) was deter- 
mined by direct methods using the program MULTAN.2d 
The positions of Se and 13 light atoms were revealed by an 

Crystal Data.-Cl,Hl,N2Se, M = 287.2. 

TABLE 3 
Atomic co-ordinates for adduct (2b) 0 ,  b 

Se( 1) 0.582 9(1) 0.902 8(2) 0.954 7(1) 
0.567 O(5)  0.738 5(12) 1.079 3(7) 

C (3) 0.575 7(14) 1.065 5(8) 
C(3a) 0.645 l(6) 0.549 6(16) 0.962 4(9) 
N(2) 0.600 5(6) 

Atom xla Y l b  ZIC  

0.686 6(6) 0.383 9(16) 0.936 l(9) 
0.725 9(7) 0.395 6(23) 0.829 4 j l l )  
0.719 2(8) 0.572 4(25) 0.756 7(10) 
0.678 5(7) 0.729 3(22) 0.783 8( 11) 
0.800 5(6) 0.575 7 (  14) 1.065 5(8) 
0.594 9(6) 0.411 3(16) 1.149 O(9) 
0.578 5(6) 0.424 O(  15) 1.265 4(9) 
0.569 2(8) 0.245 O(17) 1.340 3(9) 

C(4) 
( 7 5 )  
C ( 6 )  
C(7) 
( 7 7 4  
C(8) 
C(9) 

0.611 8(16) 1.330 6(9) 
0.685 3(19) 1.322 8(11) 

C(10) 0.567 O ( 7 )  
C(l0a) 0.484 O(7) 
C( 1 1 )  0.826 9(7) 0.698 6(17) 1.406 O(10) 
C( 12) 0.706 6(10) 0.616 7(20) 1 416 4(10) 
N(13) 0.770 l (7)  0.563 6(17) 1.425 5(10) 
(I Numbering as in the Figure. Estimated standard 

deviations ( x  lo4) are given in parentheses. 

E-map, and a struc ture-factor calculation on these atoms 
gave an R value of 0.293; the remaining three light atoms 
were located by a difference-Fourier map. The structure 
was refined by full-matrix least-squares methods, initially 
with isotropic and then with anisotropic thermal para- 
meters, reducing R to G.103. The atomic co-ordinates for 
(2b) are given in Table 3. Observed and calculated struc- 
ture factors and anisotropic thermal parameters are avail- 
able in Supplementary Publication No. S U P  32936 (10 
PP+* 

Benzyne Addition to 5-MethyZ-2,1,3-benzoselenadiazoZe (lc) 
(4.0 g).-Unreacted (lc) (2.6 g, 6 5 % )  was recovered, 
followed by the 4-methyl-5-( 1,2-benzoselennzol-3-ylj penta- 
dienonitvde (2c) (0.66 g, 12%) as glistening yellow crystals, 
m.p. 144-154 "C (from methanol) (Found: C, 57.4; H,  3 . 7 ;  
N, 10.2. Cl,H,,N2Se requires C,  57.15; H, 3.7; N, 10.3y0); 
then the 3-.tvleth-yl isomer (2d) (0.33 g, 6%) as yellow crystals, 
m.p. 165-171 "C (from methanol) (Found: C, 57.3; H, 3.7; 
N, 10.5%). The unsharp m.p. of both aclducts even after 
repeated recrystallisation suggests cross-contamination of 
each by the other, ;tlthough this was not apparent from their 
1H n.1n.r. spectra (Table 1). Their i.r. spectra showed some 
differences, but mass spectra of the two adducts were in- 
distinguishable: m/e 276/275/274/273/272/271/270/269 
(overlapping multiplets for M +  and [M - HI', 10/22/70/ 
90/45/60/30/18%) and other multiplets 250-243 and 170- 
161, and 103 (90). 

Benzyne Addition to 5-CJzZoro-2,1,3-benzoselenadiazoZe (Id) 
(4.3 g).-First eluted was an unidentified yellow by- 
product (0.10 g), m.p. 188-192 "C (from benzene) (Found : 
C, 51.9; H, 2.9; N, 5.4y0), i.r. absorption for C-N absent, 
possibly an impure sample of the diselenide (9b). Next was 
2-(4-chloro-2-pyridyZ)phenyl selenocyanate (7c) (0.11 g, 2%) 
as pale yellow microcrystals, m.p. 182-184 "C (from 
methanol) (Found: C, 49.1; H ,  2.5; N, 9.3. CI2H,C1N,Se 
requires C, 49.1; H, 2.4; N, 9.5%); vnlaX. 2 137w cm-' 
(C-N) ; mje 296/295/294/293/290 ( M + ,  10/5/25/4/12/5/5%) 
and 270/269/268/267/266/26~/264 ( [ M  - CN]', 56/20/100/ 
18/60/2G/24). Next eluted was the 5-chloro-isomer (7rl) 
(0.18 g, 30/,), m.p. 166-169 "C (from methanol) (Found: C, 
49.3; H, 2.3; N, 9.25%); v,,,. 2 139w cm-l ( E N ) ;  mass 
spectrum almost identical to that of (7c). Further elution 
recovered unreacted (Id) (3.4 g, 79%), then the cis-4- 
chloro-5-( 1,2-benzoselenazol-3-yl)pentadienonitrile (2f) (0.23 
g, 4%) as yellow leaflets, m.p. 80-115 "C (from benzene, 
then from methanol), which was still contaminated with 
(Id) (t.1.c. and lH n.m.r. spectrum) even after steam- 
distillation, re-chromatography, and multiple recrystallis- 
ation. A later fraction contained the trans-4-chloro-adduct 
(2g) (10 mg) contaminated with (Id) and (2f), but recog- 
nised by additional lH n.1n.r. absorptions (Table 1). Lastly 
there was obtained a mixture (50 mg) of the isomeric 3- 
chloro-adduct (2h) ( < 1 yo) and unreacted ( Id) .  

Benzyne Addition to 4,7-Dibromo-2,1,3-benzoselenadiazole 
( Le) (6.8 g) .-2,5-Dibromo-5-( 1,2-benzoselenazol-3-yl)pe.l.lt- 
adienonidrile (2e) (0.8 g, 10%) was obtained as needles, m.p. 
169 "C (from methanol) (Found: C, 34.4; H ,  1.4; X, 6.6. 
C12H,Br,NzSe requires C, 34.55; H, 1.45; N, 6.7(:&), tn/e 
422/42 1/420/419/418/4 17/41 6/415/414/413/412 ( M  +, 2/21 101 
3/17/4/15/4/6/2/2yo) and other niultiplets 341-333, and 
2 G O -  251 (loss of one and two Br atoms), ancl 182 (28) and 
178 (26). Further elution returned unreacted ( le )  (4.1 g ,  
8 1 yo recovery including 1.4 g which was filtered from the 
reaction mixture before evaporation of the tetrahydrofuran). 

Benzyne -4ddition to 4,7-Ilibronzo-5,6-dimethyl-2,1,3-benzo- 
selenudiazole (If) (3.7 g) .-This used benzenediazoniurti-2- 
carboxylate prepared froin anthranilic acid (1.4 g, 10 mmol). 
Only unreacted (If)  was obtained ( I .  L g from the reaction 
misture before chromatography and 1.6 g eluted from the 
column, total recovery 7 3 % ) .  

Benzy ne A ddition to 5,6-Dic~~Zor~~-2,1,3-benzoselenadiazole 
( lg)  (5.1 g).--As tetrahydrofuran was evaporated from the 

* See Notice to Authors No. 7 in J.C.S.  Perkill I .  1979, Tn(lex 
issue. 



crude reaction mixture a brown solid precipitated. This 
was separated and recrystallised from a large volume of 
benzene to afford 2-(4, 5-dich2oro-2-pyridyl)phenyl seleno- 
cyanate (7b) (4.3 g, 65%) as pale yellow hair-like needles, 
m p. 241-244 "C (Found: C, 44.2; H, 2.0; N, 8.8. C12H,- 
Cl,N,Se requires C, 44.0; H, 1.85; N, 8.6%); v,,,. 2 137 
c1n-l ( E N ) ;  aF1 (CF,CO,H) 9.35 (s, G-H), 8.72 ( s ,  3-H), and 
8.5-7.7 (4 H, m, other Ar-H) ; m/e 332/331/330/329/328/ 
327/326/325/324 (M', 4/3/17/6/2G/G/13/4/4%) and 306/305/ 

17/52/20/2O). Chromatography of the remaining material 
returned unreacted (lg) (1.2 g, 23%). 

When the benzyne addition was carried out a t  ca. 40 "C 
and the same worli-up procedure followed, the selenocyanate 
(7b) (59%) was again obtained and (la) (25%)  recovered. 
No evidence was found for the presence of the corresponding 
adduct ( l l a )  of the nitrile series. 

Benzyne Addition to 5,6-Dichlovo-2,1,3-benzothiadiazole 
(lob) .-The thiadiazole (lob) (67% yield), buff needles, 
n1.p. 109 "C (from methanol) (lit.,29 ni.p. 109.5-110.0 "C) 
was prepared from 4,5-dichloro- 1,2-phenylenediamine and 
N-sulphinylaniline as described for the analogous dibromo- 
d e r i ~ a t i v e . ~ ~  The general procedure for benzyne addition 
using (lob) (5.0 g) afforded 3,d-dichloro-5-( 1,2-benzothiiazol- 
3-y2)pentadienonitrile (1 lb) (0.14 g, 2%) as prisms, n1.p. 
231-232 "C (from methanol) (Found: C, 51.2; H, 1.9; N, 
9.7. Cl,H,C1,N2S requires C, 51.4; H, 2.2; N, 10.Oyo); 
v,,,,. 2 233 cni-l ( E N ) .  Further elution gave only brown 
oils from which no further conipounds were isolated. 

Benzyne Addition to Naphtho[1,2-c] [1,2,5]selenadiazole (5) 
(2.3 g) .-This used benzenediazonium-2-carboxylate pre- 
pared from anthranilic acid (1.4 g, 10 mmol). The adduct 
(2i) (30 mg, 1%) was obtained as needles, m.p. 110-112 "C 
(from methanol) (Found: C, 62.4; H, 3 1;  N, 9.4. Cl,Hl,- 
N,Se requires C, 62.1; H, 3.3; N, 9.l0/,), wile 312/311/310/ 
309/308/307/306 (M+,  15/30/43/100/41/57/30/22~o), and 
286/285/284/283/282/281/280 ( [ M  - CN]+, 4/15/1 l/48/11/ 
30/18/15). 

Addition of Dimethyl Acetylenedicarboxylate to  5,6- 
Dirnethyl-2,1,3-benzoxadiazole (10a) .-The N-oxide of (10a) 
(4.7 g) [prepared from 4,5-dimetliyl-2-nitroaniline (5.0 g) 
with sodium hypochlorite 31] in rnetlianol (100 ml) and tri- 
methyl phosphite (20 nil) was heated under reflux for 2 11. 
The mixture was cooled and poured into ice-water; the 
precipitate was collected and recrystallised to give (10a) 
(3.G g, 73y0), m.p. 84-85 "C (from etlimol) 83- 
85 "C). Dimethyl acetylenedicarboxylate (4.3 g) and (10a) 
(2 .7  g) in clichlorotnethane (1 10 ml) were irradiated for 12 h. 
After evapor;ition of dichloromethane the brown residue was 
chilled and the resulting solid recrystallised to  give 3,4- 
diwtethy l- 5- (4,5-hisnzet hoxycavho rtyl- 1,2-oxa ~02-3-yl) penta- 
dienonitrile (3b) (5.4 g ,  93",), m.p. 84 "C (from light pet- 
roleum, b.p. 60-80 "C) (Found: C, 57.9; I€, 4.8; N, 9.7. 
C14H14N,0, requires C, 57.9; H, 4.9; N, 9.G:L); v ly. 2 220 
( E N ) ,  1 738 and 1 715 (GO)  cn1-l; 6.G8 and 5.2G (eacli 
1 H ,  q JIIMe 1.8 Hz, CH), 4.10 and 4.00 (encli 3 H, s, OMe), 
and 2.17 and 2.12 (eacli 3 H, (1, Me); 6~ 163.G ( s ,  C-4or C-3), 
160.6 and 1G0.4 (two s, G O ) ,  157.G antl 156.8 (two s, C-3' 
and C-5'), 146.1 ( s ,  C-3 or C-4), 116.1 (s, C-4'), 114.1 (s, 

OMe), and 23.3 ancl 22.2 (two q, Me); nz/e 2!)0 ( M I ,  150/), 
231 ([WI - CO,Me]+, GO),  199 (loo), antl 131 (45); wz* 
184.0 (290 - 231), 171.4 (231 d l!)!)), antl 8G.2 
(199 - 131). 

The adduct (3b) was recovered unclmnged after being 

304/303/302/301/300/299/298 ( [ M  - CNj +, 22/18/50/22/100/ 

Further elution gave no more material. 

C-N), 112.7 ((1, C-S), 95.9 ((1, C-2), 53.4 and 52.8 (two 9, 

J.C.S. Perkin I 
heated in refluxing toluene for 1 h or alone a t  250 "C for 1 h 
or after further U.V. irradiation in dichloromethane. 

Rearrangement of the Benzyne Adducd (2b) .-U.V. irradi- 
ation of the adduct (2b) (200 mg) in dichloroniethane ( 100 ml) 
for 24 h afforded 2-(4,5-dirnethyl-2-pyridyl)phenyl seleno- 
cyanate (7a) (193 mg, 97y0), m.p. 169-172 "C (from metli- 
anol) (Found: C, 58.4; H, 4.3; N, 9.7. ClpH,$l"Se 
requires C, 58.5; H, 4.2; N, 9.7576); A,,,, (EtOH) 249, 
267sh, 296, 305sh and 348sh nm (E 1950, 1390, 950, 670, 
and 20 m2 mol-l); v,,,. 2 132w cm-l (C-N); aH [(CD,),SO] 
8.48 ancl 8.18 (each 1 H,  s, Ha and Hd), 2.38 and 3.20 (each 
3 H ,  s, Me), and Ar-H analysed by computer simulation, 
8.33 (1 H, m, He), 8.06 (1 H,  rn, Hh), 7.56 (2 H,  m, Hf and 
Hg) (Jef 7.8, Jeg 2.3, Jeh 0.5, J f g  7.1, Jfh 0.7, and Jgi, 9.3 Hz) ; 
6c 150.6 ( s ) ,  148.0 ( s ) ,  143.7 (d), 133.8 (s), 132.0 ( s ) ,  130.8 (d) ,  
129.9 (d), 128.0 ( s ) ,  127.1 (d), 126.0 (d), and 119.6 (d) 
(aromatic ring C), 112.0 ( E N ) ,  and 19.8 and 16.3 (two q, 
Me) ; m/e 290/289/288/287/286/285/284 ( M  ', 4/4/15/1/10/3/ 

8/63/40/82), 208 (80), and 207 (50). 
Another sample of the adduct (2b) (50 mg) was heated a t  

140 "C for 10 min, cooled, and recrystallised from methanol 
to give the selenocyanate (7a) (47 mg, gay0), identical by i.r. 
spectrum, m.p., and mixed m.p. with the material obtained 
above. Recrystallisation of (2b) from NN-tlimethylform- 
amide, mesitylene, or xylene, in each case by heating to the 
b.p. for several minutes, also afforded (7a) on cooling (ca. 

The adduct (2b) (100 mg) and silver nitrate (300 ins) in 
NN-dimethylformamide (20 ml) were stirred and heated 
under reflux for 0.5 h. The hot mixture was filtered from 
silver cyanide [36 mg, 77% based on (2b)], which was con- 
firmed by dissolving in dilute nitric acid and conversion 
into Russian Blue. The filtrate was cooled and diluted 
with water; the brown precipitate was collected and re- 
crystallised to give the diselenide (9a) (47 mg, 520/,) as rods, 
m.p. 211-213 "C (from methanol) (Found: C, 60.0; H,  
4.3; N, 5.3. C,,H,,N,Se, requires C, 59.8; H, 4.6; hr, 
5.4%); vllllY. 
C-N absent ; m/e 446/445/444/443/442/441/440 ( [ M  - Se] t ,  

1 /1/4/1/2/1/1%), 264/2G3/262/261/260/259/258 (Cl,Hl,NSe+, 
25/40/100/30/60/30/25), 183 (25), and 182 (22).  

In another experiment the selenocyanate (7a) was 
heated with silver nitrate in refluxing NN-diniethylfortn- 
amide for 0:5 h. No silver cyanide precipitated, and (7a) 
was recovered ( >go%) on cooling. 

U.V. Irvadiation and Rearrangement of Otkev Benzyne 
Adducts (2c-f).-Tlie adducts (2c ancl d) (each 100 nig) in 
dichloromethane (100 ml) were separately irradiated until, 
after 6 h,  t.1.c. analysis showed the disappearance of starting 
material. Evaporation of the solvent left a brown tarry 
residue which was chromatogrsphed on aluniina. Ether 
eluted discolourecl semi-crystalline material containing the 
corresponding selenocyanates, v,,):,,. (CHCI,) 2 140 cm-l, con- 
jugated CZN absent, which could not be satisfactorily 
purified. 

The adducts (2e and i) were recovered unclinngctl ( =-no::,) 
after u .v. irradiation of eacli separately in clichlorometlinne 
for 48 h. 

U.V. irradiation of the adduct (2f) contaminated with un- 
reacted (Id) (200 mg) in dichlorornethane ( 1  00 nil) for 24 11, 
followed by evaporation of the solvent and chromato- 
graphy of the residue, affordetl the selenvcynnate (7c) ( 1 16 
mg, G O O / , ) ,  m.p. 181-184 "C, identical in respect of i.r. 
spectrum and mixed m.p. with tlic sample obtained f r o m  

8%), 264/263/26Z/261/260/259/258 ( [ M  - CN]+, 15/15/ 100/ 

90%) * 

Anlay. (CH2C1,) 350 nm (E 1 330 ni2 ~ i i o l - ~ ) ;  
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benzyne addition to (Id). A later column fraction returned 
(Id) (10 mg). 

Jjeselenisation of the Selenocyanades (7a a n d  b) .-Re- 
arranged adduct (7a) (100 mg) in benzene (10 ml) and 
ethanol (2 ml) was stirred and heated under reflux with 
Raney nickel 33 (GU. 2 g) for 6 h. The solid was filtered and 
washed with benzene. Filtrate and washings were com- 
bined and shaken with concentrated sulphuric acid (2 x 10 
ml) and then with water (2 x 10 ml). The benzene layer 
was separated, dried, and evaporated, and the residue was 
distilled a t  130 "C (bath)/2 mmHg to give 4,5-dimethyl-2- 
phenylpyridine (Ga) (48 mg, 86%) as a pale straw-coloured 
oil (Found: C, 84.7; H, 6.9; N, 7.9. Calc. for C,,H,,N: C, 
85.2; H,  7.2; N, 7.6%); A,,, (EtOH) 246 and 275 nm 
( E  1 110 and 824 m2 mol-l) [cf. (6c) 18], i.r. spectrum in agree- 
ment with that reported previously; l9 m/e 183 (Mf, loo%), 
182 ( [ M  - HI+, 25), and 168 ( [ M  - Me]+, 11) ;  m* 181 
(183 + 282) and 154 (183 - 168); picrate, m.p. 203- 
204 "C (from ethanol) (lit.l9 202-203 "C). 

The selenocyanste (7b) (0.50 g) in benzene-ethanol was 
treated with Kaney nickel (ca. 10 g) and worked up as 
described above. Removal of the solvent left a pink oil 
which solidified on chilling. Recrystallisation from meth- 
anol below 0 "C afforded 4,5-dichZoro-2-phenyl~y~z~ine (6b) 
(0.28 g, 83y0), m.p. 57-59 "C (Found: C, 59.2; H, 3.3; N, 
6.2. C,,H,Cl,N requires C, 59.2; H, 3.2; N, 6.3%); aH 
8.66 and 7.80 (each 1 H, s, 6- and 3-H), 8.0-7.9 (2 H, m 
Ar-11) and 7.6-7.2 (3 H, m, Ar-H); m/e 227/226/225/224/ 
223/222 (Mf, 10/9/67/20/100/12~0) and 190/189/188 ( [ M  - 
C1]+, 11/9/40); m*, 158.5 (223 .--) 188). 

Hydrolys i s  of the Selenocyanates (7a a n d  d) .-The seleno- 
cyanate (7a) (100 mg) in water (4 ml), ethanol (6 ml), and 
concentrated hydrochloric acid (2 ml) was heated a t  90 "C 
for 12 h. The solution was cooled and extracted with 
chloroform ; the extract was dried (MgSO,) and the solvent 
evaporated, leaving an oil which solidified after several 
hours. Recrystallisation from methanol afforded the di- 
selenide (9a) (76 mg, 84%), m.p. 211-213 OC, identical in 
respect of i.r. spectrum and mixed m.p. with the sample 
obtained from (2b) in the presence of silver nitrate. 

The selenocyanate (7d) (50 mg) dissolved on being heated 
in ethanol (5 ml), water (2 ml), and concentrated hydro- 
chloric acid ( I  ml). After 12 h a t  100 "C the solution was 
cooled and extracted with chloroform; the extract was 
dried (MgSO,) and evaporated to give 2-(5-chzoro-2-pyridyZ)- 
p h e n y l  diselenide (9b) (41 mg, 92%) as hair-like needles, m.p. 
260-262 "C (from methanol) (Found: C, 49.1; H I  2.4; N, 
4.8. C2,H,,C1,N,Se2 requires C, 49.4; H, 2.6; N, 5.2%); 
i.r. absorption for C=N absent; lH n.m.r. spectrum of poor 
quality because of low solubility; m / e  M +  absent, multiplets 
460-452 ([M - Self), 307-299 (all < 5 % ) ,  272/271/270/ 
269/268/267/266/265/264 (CllH7C1NSe+, 5/5/45/15/100/15/ 
50/18/18), and 235/234/233/232/231/230/229/228 (C,,H7NSef, 
4/5/20/12/11/9/6/3); m* 201br (456 ---t 303). 

We acknowledge the assistance of Dr. A. J. G. Crawshaw 

with n.1n.r. spectra and helpful discussions with Professor 
C. W. Rees. 
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