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A series of a,a'-dicyanoazoalkanes 2 have been prepared in high isolated yield (96-98%) by treatment of the 
corresponding cup'-dichloroazoalkanes 3 (generated from ketazines 1) with trimethylsilyl cyanide and 50 mol 
% stannic chloride at low temperature. Use of 5 mol % stannic chloride resulted in the formation of a-chlo- 
ro-d-cyanoazoalkanes 4. Single-crystal X-ray diffraction analysis of 2,2'-dichloro-3,3,3',3'-tetramethyl-2,2'-azobutane 
(3a) and the 2-chloro-2'-cyano (4a) and the 2,2'-dicyano (2a) derivatives established that all three have the same 
relative configuration and thus the complete stereospecificity of the cyanation. The utility of the reaction was 
demonstrated by the successful synthesis of (2S,2'R,4S,4'S)-2,2'-dimethyl-4,4'-diphenyl-2,2'-azopentanenitrile 
(11, X = CN). 

a,a'-Dicyanoazoalkanes' have long been important 
synthetic targets due to their use as initiators for and the 
study of the mechanism of free radical chain reactions. 
The classical method of synthesis involves the preparation 
of an a,a'-dicyanohydrazine from a ketone, either by a 
one-pot Strecker-type synthesisz4 or by a two-step process 
involving addition of HCN to a ketazine 1, followed by 
oxidation to Z5-' (Scheme I). 

Alternatively, a-amino nitriles may be oxidized directly 
to 2 in the presence of hypochlorite.8 These reactions 
commonly suffer from one or more of the following: low 
to moderate yields, long reaction times, excessive amounts 
of HCN, solvent sensitivity, and product instability under 
the reaction conditions. For systems in which R1 # RS, 
another serious drawback of these methods is their lack 
of stereochemical control. 

In connection with our work on the mechanism of ter- 
mination of free radical chain reactions?l0 we required a 
stereocontrolled synthesis of a,a'-dicyanoazoalkanes, since 
one of our target molecules, 2,2'-dimethyl-4,4'-diphenyl- 
2,2'-azopentanenitrile (1 lb), has four chiral centers and 
the possibility of six diastereoisomers. 

In 1970 Malament and McBride reported that 1,4-ad- 
dition of chlorine to ketazines proceeds smoothly and 
stereospecifically a t  -60 "C such that symmetrical ket- 
azines (E$)-l or (ZJ3-l give meso-a,a'-dichloroazoalkanes 
3 (Scheme 11) whereas unsymmetrical ketazines (E,Z)-1 
give the dl diastereomer." Substitution of chlorine by a 
range of nucleophiles has been reported, including aqueous 
cyanide ion, albeit in low ~ i e 1 d . l ~ ~ ' ~  Since the cup'-di- 
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a (i) 2.6 equiv of Me,SiCN, 50 mol % SnCl,, 0.5 h, -78 "C; (ii) 1.1 
equiv of Me,SiCN, 5 mol % SnC14, 0.5 h, -78 OC; (iii,iv) 2.6 equiv 
of Me,SiCN, 50 mol % SnC14, 0.5 h, -78 OC; 1.5 h, room tempera- 
ture. 

chloroazoalkanes hydrolyze in aqueous media,I3J4 we 
sought alternative sources of nucleophilic cyanide in the 
hope that we might achieve a high-yielding reaction with 
stereochemical control over the sequence 1 - 3 - 2. 

We wish to report the successful stereospecific synthesis 
of 2 from 3 with the aid of trimethylsilyl cyanide in the 

(14) Benzing, E. Justis Liebigs Ann. Chem. 1960, 631, 10. 
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in excellent yields (96-98%) (Scheme I1 (iii)). Proton 
NMR showed that in every case, the meso diastereomer 
3 gave rise to single isomers. In the case of the 64:36 
mixture of meso- and dl-3c, the two stereoisomers of 2c 
were produced in the same ratio. 

Other variations in the reaction conditions produced 
most interesting results. Treatment of 3a-e with 1.1-2.6 
equiv of Me3SiCN and 5% stannic chloride (Scheme I1 (ii)) 
yielded the a-chloro-a'-cyanoazoalkanes 4a-e in excellent 
yields (95-98%), and once again only single isomers were 
isolated. These could be converted cleanly into 2a-e with 
additional Me3SiCN and 50 mol % stannic chloride as in 
the original conditions (Scheme I1 (iv)). 

Since it had been previously established that observation 
of (E,E)-1 (R, = CzH5, R2 = C6H5) produced the corre- 
sponding meso azo dichloride 3 (R, = C2H5, R2 = C6H5)," 
we had good reason to believe our chlorinations of (E,- 
E)- la-e proceeded similarly. Examination of proton 
spectra of 2a-e showed that these too were all single dia- 
stereomers, thought likely to be meso, although this was 
by no means certain. Furthermore, the ease with which 
single diastereomers of 4a-e could be isolated in high yield 
with no detectable 2a-e raised the distinct possibility that 
the overall conversion of 3 - 2 might involve significant 
differences in the mechanism of the successive steps, 
perhaps even to the extent of different stereochemical 
outcomes. The four possible configurational sequences, 
based on meso-3 are summarized in Scheme IV. 

Determination of the configuration of both 2 and 4 
would thus provide evidence for the mechanism of the 
reaction. X-ray crystallography was employed to provide 
the answer. 

Single-crystal X-ray diffraction analysis of dichloro- 
azoalkane 3a first confirmed the meso stereochemistry of 
chlorination of E,E ketazine la (Figure la). Similarly the 
crystal structure of 2a showed that it too was meso (Figure 
IC). Finally X-ray analysis of the intermediate 4a again 
revealed that it was the meso diastereomer20 (Figure lb) 
and therefore that the two replacement steps must both 
proceed with retention of configuration at each center 
(Scheme IV). 

The reaction sequence was also shown to be stereospe- 
cific by the following experiments. Chlorination of the 
mixture of E,E, E,Z, and Z,Z (60:36:4) ketazine isomers 
IC yielded a mixture of meso and dl (64:36) azo dichlorides 
3c, which was separated into pure meso-3c and dl-3c by 
exhaustive low-temperature recrystallization. Treatment 
of meso-3c with Me3SiCN and 50 mol % SnC14 and with 
Me3SiCN and 5 mol % SnCl, produced pure meso-2c and 
meso-8c, respectively. Likewue dl-3c gave dl-2c and dl-4c. 
Further confirmation of the stereospecificity was provided 
by the case of the phenyl-substituted compounds Id - 2d. 
Photolysis of ketazine (E,E)- Id followed by chlorination 
and fractional recrystallization yielded both pure meso-3d 
and pure dl-3d. Treatment of each of these with 
Me3SiCN/SnC14 (50 mol %) in the usual manner gave pure 
meso-2d and pure d1-2d, respectively. Alternative treat- 

H 

3 * CH, 6 a,  R~ = 8 

b r  R1 = (CH ) CH, R = H 3 2  3 

presence of stannic chloride at  low temperature. 

Results and Discussion 
Ketazines la-e. The ketazines la-e were prepared by 

the normal reaction of hydrazine hydrate with the ap- 
propriate ketone,12-15 la and l b  being isolated as single 
is0mers.l' NMR s p e c t r o s ~ o p y ~ ~ J ~  confirmed that la was 
entirely the E,E isomer." Ketazine IC was isolated as an 
equilibrium mixture of E,E, E,Z, and Z,Z isomers from 
which the E,E isomer was isolated by radial chromatog- 
raphy and chlorinated immediately in order to minimize 
reequilibration. Both Id and le were isolated as mixtures 
of E,E and E,Z isomers, and in each case the E,E isomer 
was separated by fractional crystallization. Successive 
crystallizations of the reequilibrated ketazine mixture re- 
covered from the filtrate allowed isolation of pure (E$)-ld 
and (E,E)-le in overall yields of 96% and 95%, respec- 
tively. 

Chlorination of the E,E k e t a ~ i n e s , " , ' ~ ~ ~ ~ ~ ~ ~  in dichloro- 
methane a t  -78 "C proceeded cleanly and quantitatively 
to give single isomers meso-3a-e (Scheme 11). The meso 
ad-dichloro derivative 3c was also prepared by chlori- 
nation of the mixture of ketazines IC, followed by low- 
temperature crystallization of the resulting mixture (64:36 
mesoldl by NMR) and seeding with pure meso-3c. 

In order to overcome the problem of hydrolysis of 3 
when treated with aqueous cyanide ion, we investigated 
the use of trimethylsilyl cyanide (Me3SiCN) in the presence 
of stannic chloride, a procedure used successfully by Reetz 
et al. to prepare tertiary alkyl cyanides.lg A modification 
of this method was developed which involved treatment 
of 3a and 3b with 2.6 equiv of Me3SiCN and 50 mol % 
SnC1, at -78 "C for 30 min. This procedure yielded mix- 
tures of the desired dinitriles 2a and 2b, together with 
additional compounds identified as the substituted 1,2,4- 
triazoles 5a and 5b, respectively (Scheme I1 (i)). The 
mechanism for substitution by cyanide as proposed by 
Reetzlg involves an isonitrile intermediate. This suggested 
a mechanism for the reaction 3 - 5 whereby premature 
workup results in protonation of the second isonitrile (6) 
prior to rearrangement (Scheme 111). Cyclization may 
then occur by attack of the y-nitrogen lone pair, and 
subsequent loss of 2-methylpropene or propene then gives 
5a or 5b, respectively. 

Indeed, when the reaction mixture of 3a was warmed 
to room temperature and stirred for a further 1.5 h, the 
ratio 215 increased from 70:30 to 88:12, while for 3b it 
increased from 84:16 to 1OO:O. The remaining azo di- 
chlorides 3c-e were also converted to the desired dinitriles 

(15) Duismann, W.; Beckhaus, H.-D.; Ruchardt, C. Justus Liebigs 

(16) Elguero, J.; Jacquier, R.; Marzin, C. Bull. SOC. Chim. Fr. 1968, 
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ment with Me3SiCN/SnC1, (5 mol 70) provided the pure 
azo chloro nitriles meso-4d and dl-4d, respectively. 

On the basis of the studies of Malament and McBride"J3 
and of Reetz et al.,19 a mechanism of the cyanation may 
be proposed as first involving Lewis acid promoted het- 
erolysis of the C-C1 bond in the conformation antiperi- 
planar to the P-nitrogen lone pair, to form an allene-like 
intermediate 7, the same intermediate as generated during 
chlorination of the ketazineI3 (Scheme V). Attack by 
Me3SiCN occurs such that the more anomerically favored 
trans (antiperiplanar) arrangement of the attacking sub- 
stitutent and the lone pair is generated in the product 8.13 
Rearrangement via another mole of the allene-like cation 
gives the isolable a-chloro-a'-cyano intermediate 4. Rep- 
etition of this process a t  the other chiral center generates 
the final a,a'-dicyano compound 2 or in the case of a and 
b if workup is premature, both 2 and the triazole 5. 

The similarities of the two steps of this mechanism for 
the transformation 3 - 4 - 2 is not entirely consistent 
with the dramatic difference in rates of the two steps, as 

4 
si Me3 

8 

(i) SnCl,; (ii) Me,SiCN. 

Scheme VI" 

10 9 

11, X = C I  

"(i) MeLi; (ii) NHzNHz.H20; (iii) Clz/CHzClz, -78 OC; (iv) 
SnC14/Me3SiCN. 

implied by the fact that 4 can be isolated in high yield free 
of traces of 2. However, if the intermediate were in fact 
a cyclic chloronium ion21 rather than the acyclic species 
7, substantial stabilization would result. Stabilization of 
the cationic intermediate in the second step 4 - 2 could 
only be provided by the newly introduced and much less 
effective cyano group. Such interactive stabilizations 
would also account for the retention of stereochemistry in 
both substitutions. 

(25,2'R ,4S ,4'5 )-2,2'-Dimet hyl-4,4'-diphenyl-2,2'- 
azopentanenitrile (11, X = CN). The success of the 
above methodology encouraged us to develop a convenient 
route to a single diastereomer of our target compound 
2,2'-dimethyl-4,4'-diphenyl-2,2'-azopentanenitrile. Of the 
chiral centers present in the molecule, two arise from the 
ketone and the remaining two are introduced by the re- 
action sequence 1 - 3 - 2. Application of our synthetic 
strategy to racemic ketone would reduce the number of 
possible diastereomers from six to three. However, use of 
optically pure ketone and isolation and chlorination of the 
E,E ketazine would furnish a single diastereomer of the 
a,a'-dichloroazoalkane, with the newly formed chiral 
centers bearing a meso relationship. Stereospecific sub- 
stitution of chloride by cyanide should therefore give the 
azo dinitrile as a single diastereomer (Scheme VI). 

In the event, racemic 3-phenylbutyric acid was resolved 
with (S)-(-)-1-phenylethylamine according to the literature 

(21) Olah, G. A.; Bollinger, J. M. J. Am. Chem. SOC. 1968,90,947 and 
references therein. 
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procedurez2 to give the S-(+) enantiomer 9. Trea tment  
with methyllithium gave (S)-4-phenyl-Zpentanone in 97% 
yield after distillation. 

Reaction of t he  optically active ketone with hydrazine 
hydrate gave the ketazine 10 as a mixture of E,E, E,Z, and 
Z,Z isomers (48:44:8 by NMR). Attempts t o  isolate the  
E,E isomer in the pure form by chromatography were 
unsuccessful due  to rapid reequilibration. Chlorination 
of t he  isomeric ketazine mixture afforded a mixture of 
three diastereomers ( N 5:2:2 by NMR). Low-temperature 
fractional recrystallization gave t h e  major isomer, 
(2S,2’R,4S,4’S)-2,2’-dichloro-4,4’-diphenyl-2,2’-azopentane 
(11, X = Cl), in 32% yield. T h e  two minor isomers, pre- 
sumably (2S,2’S,4S,4’S)-ll (X = C1) and (2R,2’R,4S,4’S)-ll 
(X = CI), were also isolated. Trea tment  of t he  major 
isomer with trimethylsilyl cyanide in the presence of 50 
mol  % SnC1, gave t h e  required azo dinitri le 
(2S,2’R,4S,4’S)-2,2’-dimethyl-4,4’-diphenyl-2,2’-azopenta- 
nenitrile (11, X = CN). 

In conclusion, we have demonstrated that a,a’-di- 
cyanoazoalkanes can be  generated under very mild and 
stable conditions and can be isolated in high yields from 
the  corresponding a,d-dichloroazoalkanes. In  this way we 
have been able t o  prepare 2e, which was not  possible by 
conventional methods. In addition, determination of the  
structures of 4a, 3a, and  2a has shown conclusively that 
the  reaction is stereospecific, a fact which allowed us  t o  
prepare the  diastereomerically pure target compound, 
(2S,2‘R,4S,4‘S)-2,2’-dimethyl-4,4’-diphenyl-2,2‘-azopenta- 
nenitrile. 

The  decomposition studies of some of these azo dinitriles 
will be reported elsewhere. 

Experimental Section 
Crystallography. General. Intensity data were collected with 

a Nicolet R3m four-circle diffractometer by using monochro- 
matized Mo K a  radiation ( A  0.7107 A). The measured densities 
were determined by flotation in aqueous potassium iodide solution. 
Cell parameters were determined by least-squares refinement, 
the setting angles of 25 accurately centered reflections (26 > 28’) 
being used. Throughout data collections the intensities of three 
standard reflections were monitored at regular intervals, and this 
indicated no significant crystal decomposition. The intensities 
were corrected for Lorentz and polarization effects, but no cor- 
rection for absorption was deemed necessary. Reflections with 
intensities I > were used for structure solution and re- 
finement. 

The structures were solved by direct methods and refined by 
blocked cascade least-squares procedures. All three compounds 
crystallize with only half a molecule in the asymmetric unit, the 
other half being related by a crystallographic center of inversion. 
Crystals of 3a and 4a are isostructural. The C1 and CN atoms 
in the asymmetric unit of 4a therefore have site occupancies of 
one-half, their positions being disordered over the two sites within 
the whole molecule. No improvement was obtained by refinement 
of this structure in the lower symmetry space groups El and P1. 
Except for the nitrile carbon of 4a, all non-hydrogen atoms were 
refined with anisotropic thermal parameters. Hydrogen atoms 
were included in calculated positions with isotropic thermal pa- 
rameters equal to the isotropic equivalent of their carrier atoms. 
The functions minimized were w(lF,,l- with w = [u2(Fo)]-’. 
The magnitude of residual electron density in final Fourier 
syntheses was <0.35 e X 3 .  All calculations (including diagrams) 
were performed on a Nova 4 x  computer using SHELXTL.” 

Table I lists the atomic coordinates for the three structures, 
with standard deviations in parentheses. Tables of bond lengths, 
bond angles, hydrogen atom coordinates, anisotropic thermal 
parameters, and temperature factors are available as supple- 

Danek e t  al. 

(22) Weidler, A.-M.; Bergson, G. Acta Chem. Scand., 1964,18, 1483. 
(23) Sheldrick, G. M. SHELXTL User Manual; Nicolet XRD Corpo- 

ration: Madison, WI, 1984; Revision 4. 

Table I. Atom Coordinates (X104) and Temperature Factors 

atom X Y z UenU 
(A* x 103) 

4832 (1) 
4705 (2) 
2338 (2) 
4352 (2) 
5554 (2) 
7542 (2) 
5171 (2) 
5154 (2) 

4785 (3) 
4724 (3) 
2275 (4) 
4301 (3) 
5511 (3) 
7505 (3) 
5130 (4) 
5116 (4) 
4831 (12) 
4596 (11) 

312 (1) 
869 (2) 

1477 (2) 
2792 (2) 
3300 (2) 
2414 (2) 
3966 (2) 
2191 (2) 
1858 (2) 

3a 
2850 (1) 

59 (1) 
1569 (2) 
1504 (2) 
1750 (2) 
1684 (2) 
597 (2) 

3194 (2) 

4a 
2841 (2) 
-121 (2) 
1050 (3) 
1133 (2) 
1047 (3) 
1071 (3) 

2285 (3) 
3344 (8) 
2372 (8) 

2a 
828 (2) 

2956 (3) 
1299 (3) 
2058 (3) 
261 (3) 

3970 (3) 
2686 (3) 

-331 (3) 

-2036 (3) 
-613 (3) 

5171 (1) 
4414 (1) 
3425 (2) 
3903 (1) 
2832 (2) 
3439 (2) 
1774 (2) 
2178 (2) 

4482 (2) 
4428 (2) 
3079 (3) 
3594 (2) 
2522 (2) 
3149 (3) 
1771 (3) 
1589 (3) 
4865 (8) 
4342 (8) 

178 (1) 
-1224 (2) 
-280 (2) 
749 (2) 

1627 (2) 
1343 (2) 
290 (2) 

-1223 (1) 
-809 (2) 

(1 U, = 1/3(trace orthogonalized U,, tensor). *Disordered. Site 
occupancy, l/z. Isotropic. 

mentary material. Comparable bonding geometry, including 
conformations, is similar within the three structures and is similar 
to that previously reported for related s t r u c t ~ r e s . ~ ’ ~ ~ ~ ~ ~ ~  

Crystal Data for 3a at 140 K: ClzHZ4NzCl2; M ,  267.3; 
monoclinic, space group R l / n ;  a = 7.564 (1) A, b = 9.452 (1) A, 
c = 10.347 (2) A; p = 99.30 (2)’; U = 730.1 (2) A3; F(000) = 288; 
D ,  = 1.21 (2) g ~ m - ~ ,  D, (Z = 2) = 1.22 g ~ m - ~ ;  p = 4.3 cm-’; 
colorless crystal with dimensions 0.77 X 0.40 X 0.33 mm, 8/26 
scans, 26, = 50’, N = 1452, No = 1217 (four reflections suffered 
from low-angle extinction and were omitted from the final 
least-squares analysis), 73 parameters, R = 0.029, R, = 0.034. 

Cl3H2,N3C1; M ,  257.8; 
monoclinic, space group R J n ;  a = 7.526 (1) A, b = 9.576 (1) A, 
c = 10.507 (2) A; /3 = 100.03 (1)’; U = 745.1 (2) A3; F(000) 280; 
D ,  = 1.14 (2) g ~ m - ~ ,  D, (Z = 2) = 1.15 g ~ m - ~ ;  = 2.4 cm-’; 
colorless crystal with dimensions 0.60 X 0.44 X 0.31 mm, 8/28 
scans, 26- = 50’, N = 1482, No = 1272,86 parameters, R = 0.058, 
R, = 0.066. 

Crystal Data for 2a at 140 K. Cl4HZN4; M, 248.4; monoclinic, 
space group P2,lc; a = 10.107 (2) A, b = 6.342 (2) A, c = 12.333 
(3) A; p = 110.23 (1)’; U = 741.8 (3) A3; F(000) = 272; D, = 1.08 
(2) g ~ m - ~ ,  D, (Z = 2) 1.11 g ~ m - ~ ;  p = 0.6 cm-’; colorless crystal 
with dimensions 0.41 X 0.38 X 0.11 mm, 6/26 scans, 26,, = 50°, 
N = 1521, No = 1031, 82 parameters, R = 0.042, R, = 0.038. 

Synthesis. General. Melting points were determined on a 
Gallenkamp melting point apparatus and are uncorrected. Radial 
thin-layer chromatography was performed by a Harrison Research 
Chromatotron fitted with a 24 cm diameter glass rotor coated with 
silica gel 60 PF-254 containing gypsum (Merck). Infrared spectra 
were recorded on a Perkin-Elmer 983 G grating infrared spec- 
trophotometer. The spectra of the liquid samples were recorded 
as films between sodium chloride plates and the solids as po- 
tassium bromide disks unless stated otherwise. Proton nuclear 
magnetic resonance spectra (‘H NMR) were recorded as solutions 

(24) Jaffe, A. B.; Malament, D. S.; Slisz, E. P.; McBride, J. M. J .  Am. 

(25) Akers, J.; Duke, M. K.; Trefonas, L. M.; Timberlake, J. W.; Ma- 

Crystal Data for 4a at 140 K: 

Chem. Soc. 1972,94, 8515. 

jeste, R. Tetrahedron Lett. 1978, 5083. 
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in CDC13 on a JEOL FX-SOQ, FX-100, or GX-400 instrument. 
Chemical shifts (6) are reported as ppm relative to internal tet- 
ramethylsilane (Me4Si). Carbon NMR (13C NMR) spectra were 
recorded at  22.5, 25.0, or 100 MHz as solutions in CDC13. The 
13C NMR chemical shifts (6) are reported as ppm relative to 
internal (Me,Si). Optical rotation measurements were performed 
on a Perkin-Elmer 141 polarimeter. Mass spectra were recorded 
on a Micromass V.G. 70-70 F mass spectrometer operating at  70 
eV in positive ion mode unless stated otherwise. Elemental 
analyses were determined by the Micro-analytical Service AM- 
DEL, Port Melbourne. Dichloromethane was distilled over CaHz 
and stored over 4-A molecular sieves. Petrol refers to petroleum 
ether of bp 40-60 "C. 
(E,E)-3,3-Dimethyl-2-butanone (1,2,2-Trimethyl- 

propy1idene)hydrazone (la). A solution of methyl tert-butyl 
ketone (30.0 g, 0.30 mol) and hydrazine hydrate (7.50 g, 0.15 mol) 
in ethanol (30 cm3) was stirred at  room temperature. After 66 
h the ethanol was removed under vacuum, and the residue was 
diluted with 3:l ether-dichloromethane (300 cm3). The organic 
layer was washed with water (50 cm3) and dried (Na2S04) and 
the solvent evaporated under reduced pressure. The residue was 
distilled [74-75 "C ( 5  Torr) (lit.5 bp 87.5-88.0 "C (9 Torr))] to 
give the ketazine as an almost colorless liquid (24.6 g, 84%): IR 
v,,, (film) 2965, 2929, 2904, 2869, 1628, 1477, 1463, 1364, 1146 
cm-'; 'H NMR (100 MHz) 6 1.68 (s,6 H), 1.17 (s,18 H); 13C NMR 
(25 MHz) 6 164.5 (s), 38.4 (s), 27.8 (q), 12.3 (9); MS (+EI, 15 eV), 
m/z (relative intensity) 197 (4), 196 (32), 155 (36), 139 (67), 100 
(38), 98 (53), 57 (loo), 42 (88). 
2,4-Dimethyl-3-pentanone [2-Methyl-1-( 1-methylethyl) 

propylidenelhydrazone (lb). Following the procedure outlined 
by Elguero et a1.,16 a solution of 2,4-dimethyl-3-pentanone (10.0 
g, 0.088 mol) and hydrazine hydrate (2.19 g, 0.044 mol) in ethanol 
(35 cm3) was heated at reflux for 9 h. The ethanol was evaporated 
under reduced pressure, and the residue was distilled [56-57 "C 
(0.20 Torr) (lit.16 bp 117 "C (16 Torr))] to give the (60). as a pale 
yellow liquid (7.0 g, 71%): IR vmax (film) 2963, 2931, 2870, 1624, 
1468,1379,1363,1013 cm-'; 'H NMR (100 MHz) 6 3.12 (sept, 2 
H, J = 7.1 Hz), 2.61 (sept, 2 H, J = 6.8 Hz), 1.15 (d, 12 H, J = 
6.8 Hz), 1.04 (d, 12 H, J =  7.1 Hz); 13C NMR (22.5 MHz) 6 170.8 
(s), 30.6 (d), 29.5 (d), 21.9 (q), 19.0 (9); MS (+EI, 70 eV), m/z 
(relative intensity) 225 (3), 224 (20), 181 (ll), 112 (49), 111 (36), 
96 (41), 70 (loo), 43 (91), 41 (34), 28 (60). 

4-Methyl-2-pentanone (1,3-Dimethylbutylidene) hydrazone 
(IC). A mixture of 4-methyl-2-pentanone (30.0 g, 0.30 mol) and 
hydrazine hydrate (7.50 g, 0.15 mol) in ethanol (24 cm3) was stirred 
at  room temperature. After 16 h the bulk of the ethanol was 
removed under reduced pressure. The residue was diluted with 
3:l ether-dichloromethane (200 cm3), washed with water (70 cm3), 
and dried (Na2S04) and the solvent evaporated under reduced 
pressure. The crude product was distilled [94-95 "C (9 Torr) (lit.15 
178 "C (13 Torr); lit.5 101-103 "C (16 Torr))] to give the ketazine 
as an almost colorless liquid (27.9 g, 95%), which was seen by 
NMR to be a mixture of the E,E, E,Z, and Z,Z isomers (60:36:4): 
'H NMR (400 MHz) 6 2.25 (d, J = 7.6 Hz, CHB,Z,Z), 2.22 (d, J 
= 7.6 Hz, CH2, E,Z), 2.17 (d, J = 7.1 Hz, CH2, E,E), 2.15 (d, J 

Z,Z), 1.99 (9, C(CH,)=N, E,Z), 1.98 (9, C(CHJ=N, Z,Z), 1.80 (9, 
C(CH,)=N, E,Z), 1.76 (9, C(CH,)=N, E$), 0.95 (d, J = 6.6 Hz, 
(CH3),CH, E$ + E,Z), 0.89 (d, J = 6.6 Hz, (CHJ,CH, Z,Z), 0.88 
(d, J = 6.6 Hz, (CHJ,CH, E,Z). 

= 7.1 Hz, CH,, E,Z), 2.05-1.95 (m, (CH3),CHCH2, E,E + E,Z + 

Radial chromatography (2-mm plate; load 220 mg; eluent 2:l 
petrol-ethyl acetate gave (E,E)-4-methyl-2-pentanone (1,3-di- 
methy1butylidene)hydrazone (EJ-lc) as a yellow oil in 59% yield 
IR vmB, (film) 2956,2870,1640,1465,1363 cm-'; 13C NMR (22.5 
MHz) 6 160.4 (s), 48.0 (t), 26.1 (d), 22.6 (q), 16.9 (9); MS (+EI, 
15 eV), m/z (relative intensity) 197 (l), 195 (l), 181 (25), 140 (61), 
139 (74), 113 (loo), 100 (32), 98 (52), 84 (22), 71 (23), 58 (37), 57 
(50). 

(E,E)-4-Phenyl-%-butanone (1-Methyl -3-phenyl -  
propy1idene)hydrazone (ld). A homogenous solution of 4- 
phenyl-2-butanone (10.0 g, 0.068 mol) and hydrazine hydrate (1.69 
g, 0.034 mol) in ethanol (10 cm3) was stirred at  room temperature 
for 24 h. The solvent was removed under reduced pressure, and 
the residue was dried under vacuum to give the ketazine as a 
colorless lumpy solid (9.88 g, 100%; mp 38-43 "C), which was seen 
by NMR to be a mixture of the E,E and E,Z isomers (88:12): 'H 
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NMR (100 MHz) 6 7.36-7.10 (m, Ar H, E,E + E,Z), 3.01-2.50 (m, 

(s, CH3, E$). The E,E isomer was selectively crystallized from 
methanol-pentane as colorless chunky crystals (6.61 g, 67%). The 
mother liquor was evaporated and the residue dissolved in 
methanol-pentane and seeded with a crystal of E$ ketazine. The 
product was filtered off and the process repeated until the E,E 
isomer was obtained in an overall yield of 96% (based on the 
starting ketone): mp 46.5-47.7 "C (lit.% mp 40 "C); IR v,, (KBr) 
3055,3021,2955,2886,1638,1601,1494, 1449, 1360, 1183,754, 
700,518 cm-'; 'H NMR (100 MHz) 6 7.31-7.20 (m, 10 H), 3.01-2.50 
(m, 8 H), 1.67 (8, 6 H); 13C NMR (25 MHz) 6 160.4 (s), 141.4 (s), 
128.4 (d), 125.9 (d), 40.2 (t), 32.5 (t), 16.7 (q); MS (+EI, 10 eV), 
m/z (relative intensity) 293 (l), 292 (l), 251 (loo), 160 (83), 147 
(41), 104 (43). Anal. Calcd for CzoHZ4Nz: C, 82.2; H, 8.3; N, 9.6; 
Found: C, 82.3; H, 8.5; N, 9.6. 

(E,E)-4-Methyl-4-phenyl-2-pentanone (1,3-Dimet hyl-3- 
phenylbuty1idene)hydrazone (le). Reaction of 4-methyl-4- 
phenyl-2-pentanone (10.00 g, 0.057 mol), prepared from mesityl 
oxide:' with hydrazine hydrate (1.42 g, 0.028 mol) following the 
above procedure yielded the ketazine as a pale yellow solid (9.90 
g, 100%), which was seen by NMR to be a mixture of the E,E 
and E,Z isomers (89:ll). Slow crystallization from methanol- 
pentane and reequilibration of the mother liquors as for Id 
furnished the E,E ketazine l e  as colorless needles (9.47 g, 95%): 
mp 69.1-70.2 "C; IR v,, (KBr) 2965,2937,2905,1617,1496,1442, 
1359, 1239, 1030, 769, 700, 588 cm-'; 'H NMR (100 MHz) 6 
7.42-7.15 (m, 10 H), 2.60 (s, 4 H), 1.38 (s, 12 H), 1.20 (8, 6 H); 
13C NMR (25 MHz) 6 159.0 (s), 148.7 (s), 128.1 (d), 125.8 (d), 53.4 
(t), 38.0 (s), 29.2 (q), 18.7 (9); MS (+EI, 70 eV), m/z  (relative 
intensity) 348 (2), 230 (42), 119 (loo), 111 (44), 91 (53), 41 (32). 
Anal. Calcd for C24H32N2: C, 82.7; H, 9.3; Found: C, 82.9; H, 
9.2. 

General Procedure for the  Chlorination of Ketazines. 
Following the procedure outlined by Malament and McBride," 
a 10% solution (w/v) of the ketazine in dichloromethane was 
cooled to ca. -78 "C. Chlorine gas was bubbled through the 
solution until an excess was observed as a permanent green color. 
The mixture was stirred at -78 "C for 5 min, after which the excess 
chlorine and solvent were removed by using a rotary evaporator. 
meso-2,2'-Dichloro-3,3,3',3'-tetramethyl-2,2'-azobutane (3a). 

Chlorination of the ketazine la following the general procedure 
gave 3a as a pale yellow solid in quantitative yield. A small 
amount was recrystallized from ether to give pale yellow chunky 
crystals: mp 93.1-94.7 "C (lit." mp 93 "C); IR v,, (KBr) 2980, 
2913,2876,1465,1396,1370,1238,1133,1069,839,756,625 cm-'; 
'H NMR (90 MHz) 6 1.77 (8, 6 H), 1.15 (s, 18 H); 13C NMR (25 
MHz) 6 103.5 (s), 40.6 (s), 26.0 (q), 24.5 (q); MS (+EI, 70 eV), m/z 
(relative intensity) 233 (5), 231 (16), 175 (19), 121 (26), 119 (85), 
83 (loo), 69 (42), 57 (62), 55 (50), 43 (68), 41 (as), 29 (31). 
3,3'-Dichloro-2,2',4,4'-tetramethyl-3,3'-azopentane (3b). 

Chlorination of the ketazine l b  following the general procedure 
gave 3b as a yellow solid in quantitative yield. A small amount 
was recrystallized from ether-pentane to give the azo chloride 
as pale yellow chunky crystals: mp 60.9-62.3 "C (lit.15 mp 60-61 
"C); IR Y,, (KBr) 2978,2939,2880,1466,1389,1307,1092,821, 
806,653,560 cm-l; 'H NMR (100 MHz) 6 2.69 (sept, 4 H, J = 6.6 
Hz), 1.05 (d, 24 H, J = 6.6 Hz); 13C NMR (22.5 MHz) 6 108.1 (s), 
35.9 (d), 17.8 (q), 17.6 (9); MS (+EI, 15 eV), m / z  (relative in- 
tensity) 261 (3), 259 @), 223 (16), 222 (12), 133 (14), 127 (17), 112 
(ll), 97 (loo), 77 (18), 57 (17), 43 (43). 
meso-2,2'-Dichloro-4,4'-dimethyl-2,2'-azopentane (3c). 

Method A. The E,E ketazine isomer (E,E)-lc, isolated above, 
was chlorinated before a significant amount of reequilibration 
had occurred. The azo dichloride 3c was furnished in quantitative 
yield as a pale yellow solid being a single diastereomer (by NMR), 
mp 0-20 "C.  Recrystallization from ether-petrol at -15 "C gave 
almost colorless chunky crystals: mp 23.6-24.9 "C (lit.15 mp 0-10 
"C); IR Y- (film) 2958,2934,2871,1469,1450, 1374,1138,1046 
cm-'; 'H NMR (400 MHz) 6 2.21 (dd, 2 H, J = 14.6,6.1 Hz), 2.03 
(dd, 2 H, J = 14.6, 5.5 Hz), 1.96-1.84 (m, 2 H), 1.82 (s, 6 H), 0.98 
(d, 6 H, J = 6.8 Hz), 0.89 (d, 6 H, J = 6.8 Hz); 13C NMR (100 MHz) 

CHZCHZ, E,E + E,Z), 1.98 (9, CH3, E,Z), 1.73 (s, CHS, E,Z), 1.67 

(26) Haines, R. M.; Waters, W. A. J .  Chem. SOC. 1958, 3221. 
(27) Hoffman, A. J .  Am. Chem. SOC. 1929, 51, 2542. 
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6 95.85 (s), 50.89 (t), 29.18 (q), 24.67 (d), 24.18 (q), 23.89 (9); MS 
(+EI, 15 eV), m/z (relative intensity) 231 (11, 181 (20), 155 (13), 
140 (50), 139 (71), 113 (loo), 100 (21), 98 (41), 84 (16), 83 (43), 
71 (13), 58 (21), 57 (31), 43 (30). 

Method B. The mixture of ketazine isomers (60:36:4) (14.0 
g, 0.071 mol) was chlorinated following the general procedure to 
yield a yellow liquid as a mixture of diastereomers (19.1 g, 100%) 
(-64:36 mesoldl by NMR). The mixture of diastereomers was 
dissolved in petrol, seeded with the meso diastereomer obtained 
by method A, and left to crystallize at -15 "C. The supernatant 
liquor was removed, and the remaining crystals were washed with 
cold petrol and dried under vacuum to give almost colorless 
chunky crystals (8.6 g, 45%): mp between 0 and 20 "C. The NMR 
spectrum was identical with that of 3c prepared by method A. 

The solvent was evaporated from the supernatant liquor, and 
extensive low-temperature (<-20 "C) fractional recrystallization 
of the residue from petrol gave dl-2,2'-dichloro-4,4'-dimethyl- 
2,2'-azopentane (3c) as almost colorless crystals (2.8 g, 15%): 
mp <20 "C; IR v, (film) 2958,2934,2871,1469,1450,1374,1256, 
1138, 1039 cm-'; 'H NMR (400 MHz) 6 2.19 (dd, 2 H, J = 14.5, 
6.0 Hz). 2.06 (dd, 2 H, J = 14.5, 5.4 Hz), 1.98-1.88 (m, 2 H), 1.77 
(s, 6 H), 0.99 (d, 6 H, J = 6.8 Hz), 0.93 (d, 6 H, J = 6.8 Hz); I3C 
NMR (100 MHz) 6 95.75 (s), 50.98 (t), 28.99 (q), 24.77 (d), 24.24 
(q), 24.01 (q); MS (+EI, 15 eV), m/z  (relative intensity) 233 (l), 
231 (4), 140 (29), 139 (49), 119 (25), 113 (71), 100 (24), 84 (29), 
83 (loo), 58 (24), 57 (24),43 (84). Anal. Calcd for C12H24ClzNz: 
C, 53.9; H, 9.1; N, 10.5. Found: C, 54.3; H, 9.5; N, 10.7. 
meso-2,2'-Dichloro-4,4'-diphenyl-2,2'-azobutane (3d). The 

E,E ketazine isomer Id was chlorinated following the general 
procedure outlined above to give the azo dichloride in quantitative 
yield. Recrystallization from petrol-ether gave 3d as colorless 
needles (96% yield): mp 114.5-116.0 "C; IR Y, (KBr) 3064,3029, 
2987,2941,2913,1497,1195, 1178,1058, 751, 700,636,506 cm-'; 
'H NMR (100 MHz) 6 7.37-7.19 (m, 10 H), 3.00-2.26 (m, 8 H), 
1.89 (s, 6 H); "C NMR (25.0 MHz) 6 140.8 (s), 128.5 (d), 128.4 
(d), 126.1 (d), 95.5 (s), 44.2 (t), 30.4 (t), 28.9 (q); MS (+EI, 10 eV), 
m / t  (relative intensity) 329 (l) ,  327 (2), 291 (6), 277 (7), 251 (40), 
187 (18), 169 (13), 167 (40), 160 (30), 131 (loo), 91 (100). Anal. 
Calcd for C20H24C12N2: C,  66.1; H, 6.7; N, 7.7. Found: C, 66.3; 
H, 6.9; N, 8.0. 
dl -2,2'-Dichloro-4,4'-diphenyl-2,2'-azobutane (3d). A 10% 

(w/v) solution of (E,E)-ld in dichloromethane was irradiated 
through Pyrex with light from a high-pressure Hg lamp. After 
25 h a 'H NMR spectrum (400 MHz) indicated the appearance 
of a pair of methyl singlets a t  6 1.981 and 1.733 together with a 
small methyl singlet at 6 1.978. These peaks were assigned to the 
E,Z and Z,Z isomers, respectively (E,E/E,Z/Z,Z = 58:37:5 by 
NMR). The mixture was immediately chlorinated in the normal 
manner to give a mixture of two isomers (63:37 by NMR). 
Fractional recrystallization from petrol-ether gave the major 
isomer as white needles and was identified as meso-3d by com- 
parison of spectral data with that prepared above. Protracted 
fractional recrystallization of the residue gave the minor isomer, 
dl-3d, as long white needles: mp 79.1-80.6 "C; IR um, (KBr) 3025, 
2984,2931,1604,1499,1454,1439,1214,1084,1070,775,714,699, 
632 cm-'; 'H NMR (400 MHz) 6 7.31-7.17 (m, 10 H), 2.82 (ddd, 
2 H, J = 13.4, 12.0, 4.8 Hz), 2.66 (ddd, 2 H, J = 13.4, 12.3, 4.6 
Hz), 2.56 (ddd, 2 H, J = 14.0, 12.0, 4.6 Hz), 2.41, (ddd, 2 H, J = 
14.0, 12.3, 4.8 Hz), 1.86 (s, 6 H); I3C NMR (22.5 MHz) 6 141.0 (s), 
128.5 (d), 128.3 (d), 126.1 (d), 95.1 (s), 44.4 (t), 30.7 (t), 28.4 (9); 
MS (+EL 15 eV), m/z  (relative intensity) 327 ( l ) ,  251 (68), 249 
(19), 187 (32), 160 (loo), 158 (13), 147 (36), 144 (13), 132 (16), 131 
(20), 104 (40), 91 (30). Anal. Calcd for C20Hz4C1zNz: C, 66.1; H, 
6.7; N, 7.7. Found: C, 66.2; H, 7.0; N, 7.7. 

meso -2,2'-Dichloro-4,4'-dimethyl-4,4'-diphenyl-2,2'-azo- 
pentane (3e). The E,E ketazine isomer le was chlorinated 
following the general procedure to give a single diastereomer of 
the azo dichloride 3e as a pale yellow solid, mp 90.6-93.3 "C. A 
small amount was recrystallized from ether to give pale yellow 
chunky crystals: mp 91.2-93.3 "C; IR Y, (KBr) 2972,2931,1600, 
1497,1446,1379,1367,1234,1119, 1080,1058,768,701,565 cm-'; 
'H NMR (100 MHz) 6 7.48-7.17 (m, 10 H), 2.77 (d, 2 H, J =  15.0 
Hz), 2.56 (d, 2 H, J = 15.0 Hz), 1.39 (s, 6 H), 1.36 (s, 6 H), 1.34 
(s, 6 H): I3C NMR (25 MHz) 6 148.7 (s), 128.1 (d), 126.0 (d), 125.8 
(d), 96.2 (s), 56.0 (t), 38.3 (s), 31.4 (q), 30.4 (q), 29.0 (9); MS (+EI, 
12 eV). m,'z (relative intensity) 384 (2), 382 ( 5 ) .  34'7 (17), 266 (18), 
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264 (51), 230 (55), 119 (100). Anal. Calcd for C24H32C12N2: C, 
68.7; H, 7.7; N, 6.7. Found: C, 68.4; H, 7.6; N, 7.0. 

General Procedure for the Synthesis of cy-Chloro-cy'- 
cyanoazoalkanes (4). A solution of cup'-dichloroazoalkane 3 
in anhydrous CH2Clz (ca. 5 cm3 of CH2C12 per mmol of 3) was 
stirred at -78 "C under a nitrogen atmosphere. Trimethylsilyl 
cyanide (1.1 mol equiv) was added followed by stannic chloride 
(5 mol %), and the mixture was stirred at -78 "C for 0.5 h. The 
mixture was poured into cold water and shaken vigorously. The 
organic layer was separated, the aqueous layer was extracted three 
times with CHzC12, and the combined organic phase was washed 
with 10% NaHCO,. The organic phase was dried (Na2S04), the 
solvent evaporated at  ambient temperature under reduced 
pressure, and the residue dried in vacuo to give the crude mo- 
nosubstituted product 4. 

meso-2-C hloro-2'-cyano-3,3,3',3'-tetramethyl-2,2'-azobutane 
(~S).~O Treatment of the crude azo chloride 3a (2.67 g, 10 mmol) 
under the general reaction conditions, using, however, 2.6 equiv 
of trimethylsilyl cyanide, cleanly gave the monosubstituted 
product 4a as a pale yellow solid (2.44 g, 95%): mp 91-96 "C dec. 
A small amount was recrystallized from ether to give pale yellow 
chunky crystals: mp 102.1-102.9 "C dec; IR u, (KBr) 2969,2915, 
2877,2231,1481,1466,1400,1371,1234,1132,1079,859,642 cm-'; 
'H NMR (90 MHz) 6 1.78 (9, 3 H), 1.59 (s, 3 H), 1.16 (s, 9 H), 1.15 
(s, 9 H); 13C NMR (22.5 MHz) 6 118.7 (s), 103.0 (s), 79.0 (s), 40.8 
(s), 37.4 (s), 26.0 (q), 25.4 (q), 24.5 (q), 19.7 (9); MS (+EI, 70 eV), 
m/z  (relative intensity) 231 (l) ,  214 (l) ,  119 (38), 83 (58), 57 (88), 
55 (47), 43 (58), 41 (loo), 29 (33). Anal. Calcd for C13H&1N3: 
C, 60.6; H, 9.4; N, 16.3. Found: C, 60.3; H, 9.1; N, 16.6. 
3-Chloro-3'-cyano-2f',4,4'-tetramethyl-3,3'-azopentane (4b). 

Following the general procedure, a sample of crude azo chloride 
3b (1.00 g, 3.4 mmol) was transformed to give 4b as a pale yellow 
solid (0.93 g, 96%); mp 65.5-70.1 "C. A small amount was re- 
crystallized from petrol to give almost colorless chunky crystals: 
mp 75.8-77.0 "C; IR v, (KBr) 2978,2942,2881,2237,1467,1391, 
1372, 1302,1019,902,880,750 cm-'; 'H NMR (400 MHz) 6 2.71 
(sept, 2 H, J = 6.6 Hz), 2.59 (sept, 2 H, J = 6.8 Hz), 1.10 (d, 6 
H, J = 6.8 Hz), 1.08 (d, 6 H, J = 6.8 Hz), 1.06 (d, 12 H, J = 6.6 
Hz); 13C NMR (25.0 MHz) 6 117.3 (s), 108.0 (s), 84.6 (s), 35.8 (d), 
32.5 (d), 18.1 (q), 17.8 (q), 17.6 (q), 17.1 (q); MS (+E.I, 15 eV), 
m/z (relative intensity) 257 (l), 222 (16), 221 (9), 133 (12), 97 (loo), 
82 (36), 77 (20), 57 (15), 55 (18), 43 (67). Anal. Calcd for 
C1,H2,C1N3: C, 63.0; H, 9.9; N, 14.7. Found: C, 63.1; H, 9.9; N, 
15.0. 

meso -2-Chloro-2'-cyano-4,4'-dimethyl-2,2'-azopentane 
( 4 ~ ) . ~  Exposure of the meso azo chloride 3c (1.00 g, 3.74 mmol) 
to the general reaction conditions furnished the monosubstituted 
product 4c as a pale yellow solid and as a single isomer (0.94 g, 
98%). A small amount was recrystallized from petrol at  -15 "C 
to furnish almost colorless prisms: mp 33.5-34.8 "C; IR Y, (KBr), 
2960, 2939, 2915, 2874, 2236, 1466, 1448, 1392, 1137, 1046, 903, 
655 cm-';'H NMR (400 MHz) 6 2.23 (dd, 1 H , J  = 14.6,6.2 Hz), 
2.11(dd,1H,J=14.2,6.8Hz),2.04(dd,lH,J=14.6,5.4Hz),  
1.91 (dd, 1 H, J = 14.2, 6.2 Hz), 1.94-1.78 (m, 2 H), 1.83 (s, 3 H), 
1.67 (s, 3 H), 1.02 (d, 3 H, J = 6.8 Hz), 0.99 (d, 3 H, J = 6.8 Hz), 
0.91 (d, 3 H, J = 6.8 Hz), 0.90 (d, 3 H, J = 6.8 Hz); 13C NMR (100 
MHz) 6 118.81 (s), 95.56 (s), 71.08 (s), 50.72 (t), 46.38 (t), 29.25 
(q), 24.81 (d), 24.75 (q), 24.68 (d), 24.17 (q), 23.83 (q), 23.31 (q), 
23.27 (9); MS (+EI, 15 eV), m/z  (relative intensity) 231 (l), 229 
(3), 194 (8), 119 (16), 111 (14), 84 (13), 83 (loo), 77 (9), 69 (131, 
68 (24), 67 (lo), 55 (16), 43 (86). Anal. Calcd for Cl3HZ4C1N3: 
C, 60.6; H, 9.4; N, 16.3. Found: C ,  60.7; H, 9.6; N, 16.7. 
dl -2-Chloro-2'-cyano-4,4'-dimethyl-2,2'-azopentane (~c).~O 

Reaction of dl-3c (0.700 g, 2.62 mmol) in the usual manner yielded 
a pale yellow liquid (0.639 g, 95%). Low-temperature (-15 "C) 
recrystallization from petrol gave dl-4c as colorless cubes: mp 
14-16 "C; IR Y,, (film) 2959,2936,2873,2239,1470,1454,1389, 
1374, 1144 cm-'; 'H NMR (400 MHz) 6 2.20 (dd, 1 H, J = 14.6, 
6.0 Hz), 2.09 (dd, 1 H, J = 14.1, 6.6 Hz), 2.07 (dd, 1 H, J = 14.6, 
5.6 Hz), 1.98-1.81 (m, 2 H), 1.93 (dd, 1 H, J = 14.1, 6.0 Hz), 1.77 
(s, 3 H), 1.62 (s, 3 H), 1.04 (d, 3 H, J = 6.6 Hz), 1.01 (d, 3 H, J 
= 6.6 Hz), 0.96 (d, 3 H, J = 6.6 Hz), 0.95 (d, 3 H, J = 6.6 Hz); 
I3C NMR (100 MHz) 6 119.45 (s), 95.96 (s), 71.27 (s), 51.07 (t), 
46.57 (t), 29.00 (q), 24.96 (d), 24.90 (d), 24.86 (q), 24.33 (q), 24.13 
(q), 23.53 (q), 23.48 (9); MS (+EI, 15 eV), m / t  (relative intensity) 
231 (1). 229 (3), 111 (491, 84 (42), 83 (loo), 69 (56), 68 (36), 67 
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(38), 57 (20), 43 (77), 42 (23). Anal. Calcd for C13HaC1N3: C, 
60.6; H, 9.4; N, 16.3. Found: C, 60.4; H, 9.3; N, 16.5. 

meso -2-Chloru-2'-cyano-4,4'-diphenyl-2,2'-azobutane (U)."' 
Due to the poor solubility of meso-3d in CHzClz at low temper- 
atures, the procedure was modified for the synthesis of 4d. After 
being stirred at -78 O C  for 1 h, the reaction mixture was allowed 
to warm slowly. When the flocculent white precipitate dissolved 
to leave a clear yellow/orange solution, stirring was continued 
for a further 5 min, after which the reaction was worked up as 
before to give a pale yellow solid (0.92 g, 95%). A small amount 
was recrystallized from ether to furnish 4d as fine white needles: 
mp 122.3-123.0 "C dec; IR Y, (KBr) 3030,2981,2920,2244,1601, 
1495,1059,758,700 cm-'; 'H NMR (100 MHz) 6 7.38-7.11 (m, 
10 H), 2.92-2.16 (m, 8 H), 1.90 (s, 3 H), 1.73 (e, 3 H); 13C NMR 
(100 MHz) 6 139.88 (s), 139.14 (s), 128.04 (d), 127.96 (d), 127.78 
(d), 127.72 (d), 125.88 (d), 125.64 (d), 118.03 (s), 94.81 (s), 71.58 
(s), 43.84 (t), 39.86 (t), 30.50 (t), 30.29 (t), 28.81 (q), 24.05 (q); MS 
(+EI, 10 eV), m/z (relative intensity) 325 (2), 290 (5), 186 (4), 
169 (2), 167 (a), 159 (3), 131 (24), 91 (100). Anal. Calcd for 
Cz1Hz4ClN3: C, 71.3; H, 6.8; N, 11.9. Found: C, 71.5; H, 6.6; N, 
12.2. 

dl -2-Chloro-2'-cyano-4,4'-diphenyl-2,2'-azobutane (4d)." 
Treatment of dl-2,2'-dichloro-4,4'-diphenyl-2,2~-azobutane (dl-3d) 
(0.500 g, 1.4 mmol) with trimethylsilyl cyanide, as in the prepa- 
ration of meso-4d gave a white solid (0.473 g, 97%). Recrys- 
tallization from ether-petrol gave dl-4d as white needles: mp 
78.5-79.7 "C; IR v,, (KBr) 3025,2935,2241,1604,1499,1454, 
1440, 1216, 1086, 773, 711, 698 cm-'; 'H NMR (400 MHz) 6 
7.31-7.18 (m, 10 H), 2.88-2.77 (m, 2 H), 2.71-2.60 (m, 2 H), 
2.60-2.52 (m, 1 H), 2.49-2.37 (m, 2 H), 2.34-2.26 (m, 1 H), 1.87 
(s, 3 H), 1.71 (s, 3 H); 13C NMR (22.5 MHz) 6 140.8 (s), 140.1 (s), 
128.7 (d), 128.4 (d), 126.6 (d), 126.3 (d), 118.7 (s), 95.1 (e), 71.9 
(s), 44.5 (t), 40.4 (t), 30.8 (t), 28.5 (q), 23.9 (4); MS (+EI, 10 eV), 
m/z (relative intensity) 327 (3), 325 (6), 317 (5), 291 (16), 290 (61), 
251 (33), 187 (12), 160 (13), 131 (27), 91 (100). Anal. Calcd for 
C2,H2,C1N3: C, 71.3; H, 6.8; N, 11.9. Found: C, 71.3; H, 7.1; N, 
11.6. 

meso - 2 4  hloro-2'-cyano-4,4'-dimethyl-4,4'-diphenyl-2,2/- 
azopentane (4e).20 Following the general procedure, the azo 
chloride 3e gave 4e (98%) as a pale yellow solid: mp 91.2-93.3 
"C; IR u,, (KBr) 2962,2238,1601,1496,1471,1450,1370,1080, 
1064,772,703,572 cm-'; 'H NMR (100 MHz) 6 7.45-7.17 (m, 10 
H), 2.74 (d, 1 H, J = 15.0 Hz), 2.53 (d, 1 H, J = 15.0 Hz), 2.53 
(d, 1 H, J = 14.8 Hz), 2.42 (d, 1 H, J = 14.8 Hz), 1.45 (8 ,  3 H), 
1.40 (s, 3 H), 1.37 (s, 6 H), 1.34 (s, 3 H), 1.28 (s, 3 H); 13C NMR 
(100 MHz) 6 147.68 (s), 147.06 (s), 127.69 (d), 127.61 (d), 125.65 
(d), 125.42 (d), 125.29 (d), 118.57 (s), 95.50 (s), 70.03 (s), 55.73 
(t), 50.65 (t), 38.11 (s), 37.48 (s), 31.22 (q), 31.18 (q), 30.62 (q), 
28.86 (q), 28.81 (q), 25.51 (q); MS (+EI, 10 eV), m/z (relative 
intensity) 381 (2), 346 (3), 345 (6), 265 (2), 264 (5), 263 (3), 262 
(16), 227 (5), 226 (15), 120 (12), 119 (100). Anal. Calcd for 
Cz5H3zClN3: C, 73.2; H, 7.9; N, 10.2. Found: C, 73.2; H, 7.9; N, 
10.6. 

General Procedure for the Synthesis of Azo Nitriles 2 
from a,a'-Dichloroazoalkanes 3. Method A. The a,a'-di- 
chloroazoalkane 3 was treated with trimethylsilyl cyanide (2.6 mol 
equiv) in the presence of stannic chloride (50 mol %) under the 
same reaction conditions outlined for the synthesis of a-chloro- 
a'-cyanoazoalkanes 4. Similar workup gave the crude azo nitrile 
2. 

Method B. The same reaction conditions as above were em- 
ployed except, after the mixture was stirred at -78 "C for 0.5 h, 
the cooling bath was removed, and the solution was allowed to 
warm slowly to room temperature and stirred for a further 1.5 
h. 

meso -2,2',3,3,3',3'-Hexamet hyl-2,2'-azobutanenitrile (2a). 
Method A. Treatment of 3a (1.00 g, 3.74 mmol) according to 
method A gave a pale yellow solid (0.82 g) as a mixture of two 
components (70:30 by 'H NMR). Separation was achieved 'by 
radial chromatography with petrol-ethyl acetate (3:l) as eluant. 
The first component (631 mg) was found to be the desired azo 
nitrile and was recrystallized from ether-petrol as white plates 
(572 mg, 62%): mp 114.7-115.7 "C dec (lit.5 "isomer I" platelike 
crystals mp 114-116 "C dec, "isomer 11" needlelike crystals mp 
116-118 "C dec); IR vmax (KBr) 2994,2970,2874,2236,1492,1463, 
1401,1377,1369,1153,1131 cm-'; 'H NMR (90 MHz) b 1.61 (s, 
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6 H), 1.16 (8,  18 H); 13C NMR (25.0 MHz) 6 118.1 (s), 79.7 (s), 
37.6 (s), 25.4 (q), 19.8 (q); MS (+EI, 15 eV), m/z (relative intensity) 
220 (6), 111 (38), 110 (99), 96 (42), 95 (50), 68 (loo), 57 (SO), 43 
(34). 

The second component (209 mg) was recrystallized from petrol 
to give 2,3,3-trimethyl-2-(3-methyl- 1,2,4-triazol-l-yl)butane- 
nitrile (5a) as colorless needles (186 mg, 26%): mp 68.1-69.0 
OC; IR u- (KBr) 3135,2969,2240,1697,1517,1374,1321,1198, 
1004, 851 cm-'; 'H NMR (90 MHz) 6 8.24 (8,  1 H), 2.40 (s, 3 H), 
2.00 (s, 3 H), 1.10 (8,s H); 13C NMR (22.5 MHz) 6 161.1 (s), 143.4 

14.0 (9); MS (+EI, 70 eV), m/z (relative intensity) 193 (2), 136 
(51), 121 (17), 84 (lo), 57 (loo), 42 (25), 41 (32), 29 (la), 27 (10). 
Anal. Calcd for C10HlBN4: C, 62.5; H, 8.4; N, 29.1. Found: C, 
62.3; H, 8.2; N, 29.3. 

Method B. Treatment of 3a (1.00 g, 3.74 mmol) according to 
method B gave a pale yellow solid (0.90 g) as a mixture of the 
azo nitrile 2a and the 1,2,4-triazole 5a (88:12 by 'H NMR). 
Separation of the mixture was achieved by radial chromatography 
as above. The f i t  component was recrystallized from etheppetrol 
to give the azo nitrile 2a as white plates (0.74 g, So%), the spectral 
data of which was identical with those of 2a prepared by method 
A. The second component was collected and recrystallized from 
ether-petrol to give the 1,2,4-triazole 5a as colorless needles (65 
mg, 9%), which had spectra data identical with those of 5a 
prepared by method A. 
2,2'-Diisopropyl-3,3'-dimethyl-22/-azobutanenitrile (2b). 

Method A. Treatment of 3b (2.95 g, 10 "01) with trimethylsilyl 
cyanide according to method A gave a white solid (2.46 g) as a 
mixture of two components (84:16 by 'H NMR). Separation of 
the mixture was achieved by radial chromatography with pe- 
trol-ethyl acetate (3:l) as eluant. The first component was re- 
crystallized from ether to give the azo dinitrile 2b as chunky 
crystals (1.86 g, 67%): mp 100.6-102.4 "C dec (lit.% mp 104-105 
"C dec); IR v,, (KBr) 2979,2941, 2882,2237, 1470,1392,1377, 
1305,1178,1102,1000,939 cm-'; 'H NMR (90 Mz) 6 2.62 (sept, 
4 H, J = 6.8 Hz), 1.11 (d, 12 H, J = 6.8 Hz), 1.10 (d, 12 H, J = 
6.8 Hz); 13C NMR (22.5 MHz) 6 116.7 (s), 85.4 (s), 32.6 (d), 18.1 
(q), 17.2 (9); MS (+EI, 15 eV), m/z (relative intensity) 248 (l), 
125 (S), 124 (4), 110 (a), 83 (a), 82 (loo), 55 (14), 43 (20). The 
second component was purified by Kugelrohr distillation (0.01 
Torr, oven temperature 60 "C) to give 3-methyl-2-( l-methyl- 
ethyl)-2-[3-( l-methylethyl)-l,2,4-triazol-l-yl]butanenitrile 
(5b) as a colorless liquid (335 mg, 14%): IR v, (film) 2973,2937, 
2246,1509,1471,1392,1335, 1203 cm-'; 'H NMR (100 MHz) 6 
8.26 (8,  1 H), 3.07 (sept, 1 H, J = 6.8 Hz), 2.70 (sept, 2 H, J = 
6.8 Hz), 1.31 (d, 6 H, J = 6.8 Hz), 1.05 (d, 6 H, J = 6.8 Hz), 0.97 
(d, 6 H, J = 6.8 Hz); 13C NMR (22.5 MHz) 6 170.4 (s), 143.9 (d), 
116.9 (s), 72.2 (s), 33.9 (d), 28.3 (d), 21.6 (4) 17.9 (q), 16.9 (9); MS 
(+EI, 70 eV), m/z (relative intensity) 234 (5), 192 (51), 178 (14), 
177 (loo), 149 (lo), 112 (20), 96 (la), 70 (34), 43 (64), 41 (34), 39 
(13), 28 (16), 27 (23). Anal. Calcd for Cl3HZ2N4: C, 66.6; H, 9.5; 
N, 23.9. Found: C, 66.6; H, 9.5; N, 23.9. 

Method B. Treatment of 3a (1.00 g, 3.4 mmol) with tri- 
methylsilyl cyanide under the conditions of method B gave a white 
solid (0.93 g, loo%), mp 96.5-99.9 dec. Recrystallization from 
ether gave chunky crystals (0.79 g, 84%), mp 99.4-101.6 "C dec. 
Further recrystallization gave the pure product, mp 101.1-102.5 
"C dec, the spectral data of which were identical with those of 
2b prepared by method A. 
meso-2,2',4,4'-Tetramethyl-2,2'-azopentanenitrile (2c). 

Exposure of meso-3c (0.500 g, 1.87 mmol) to the conditions of 
method B yielded meso-2c as a pale yellow solid (0.454 g, 98%), 
mp 64.0-69.0 "C dec. Recrystallization from ether-petrol gave 
white plates (0.396 g, 85%, mp 73.2-75.4 "C dec. Further re- 
crystallization afforded pure meso-2c: mp 74.9-75.9 "C dec (lit.5 
"isomer I" mp 75-76 "C dec, "isomer 11" mp 56-57 "C dec); IR 
v,, (KBr) 2977,2955,2940,2916,2237,1469,1459,1449,1371, 
1268,1188,1172 cm-'; 'H NMR (400 MHz) b 2.13 (dd, 2 H, J = 
14.3, 7.0 Hz), 1.93 (dd, 2 H, J = 14.3,6.1 Hz), 1.87-1.77 (m, 2 H), 
1.68 (s, 6 H), 1.03 (d, 6 H, J = 6.6 Hz), 0.92 (d, 6 H, J = 6.6 Hz); 
13C NMR (100 MHz) 6 118.21 (s), 71.60 (s), 46.21 (t), 24.81 (d), 
24.78 (q), 23.25 (q), 23.21 (q); MS (+EI, 15 eV) m/z (relative 

(d, JcH 210 Hz), 118.4 (s), 66.3 (s), 39.3 (s), 25.7 (q), 21.2 (q), 

(28) Overberger, C. G.; Hale, W. F.; Berenbaum, M. B.; Finestone, A 
B. J. Am. Chem. SOC. 1954, 76, 6185. 
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intensity) 220 (l), 111 (22), 110 (25), 94 (12), 69 (18), 68 (loo), 
55 (16), 43 (36), 41 (47). 

dl -2,2',4,4'-Tetramethyl-2,2'-azopentanenitrile (2c). 
Treatment of dl-3c (0.500 g, 1.87 mmol) under the conditions of 
method B gave a pale yellow solid (0.458 g, 98%). Recrystallization 
from ether-petrol gave dl-2c as white plates (0.328 g, 71%): mp 
55.9-56.7 "C dec (lit.5 "isomer I" mp 75-76 "C dec, "isomer 11" 
mp 56-57 "C (dec); IR u, (KBr) 2957,2872,2240,1469,1447, 
1388,1367,1268,1189,1162 cm-l; 'H NMR (400 MHz) 6 2.10 (dd, 
2 H, J = 14.3, 6.6 Hz), 1.95 (dd, 2 H, J = 14.3, 6.2 Hz), 1.91-1.81 
(m, 2 H), 1.63 (s, 6 H), 1.05 (d, 6 H, J = 6.6 Hz), 0.98 (d, 6 H, 
J = 6.6 Hz); 13C NMR (100 MHz) 6 118.34 (s), 71.43 (s), 46.21 
(t), 24.84 (d), 24.70 (q), 23.37 (q), 23.34 (q); MS (+EI, 15 eV), m/z 
(relative intensity) 220 (4), 111 (30), 110 (42), 94 (8), 69 (21), 68 
(loo), 67 (15), 55 (13), 43 (25), 41 (18). 

meso -2,2'-Dimethyl-4,4'-diphenyl-2,2'-azobutanenitrile 
(2d). Treatment of meso-3d (1.00 g, 2.7 mmol) under the con- 
ditions of method B gave a yellow solid (0.94 g, 99%). Recrys- 
tallization from chloroform-methanol gave colorless needles (0.76 
g, 80%), mp 109.9-112.0 "C dec. Further recrystallization raised 
the melting point to 111.4-112.6 "C dec (lit.26 mp 110 "C): IR 
v,, (KBr) 2980,2949,2921,2857,2246,1602,1490,1455, 1228, 
1072,762,722,700,504 cm-'; 'H NMR (90 MHz) 6 7.51-7.00 (m, 
10 H) 2.88-1.99 (m, 8 H), 1.73 (s, 6 H); 13C NMR (25 MHz) 6 139.5 
(s), 128.6 (d), 128.3 (d), 126.5 (d), 118.0 (s), 72.5 (s), 39.8 (t), 30.6 
(t), 24.2 (9); MS (+EI, 15 eV), m/ t  (relative intensity) 316 (3), 
213 (E), 212 (73), 197 (29), 159 (32), 158 (E), 157 (37), 105 (E), 
92 (39), 91 (100). Anal. Calcd for CZ2Hz4N4: C, 76.7; H, 7.0. 
Found: C, 76.6; H, 7.3. 

dl -2,2'-Dimethyl-4,4'-diphenyl-2,2'-azobutanenitrile (2d). 
Exposure of dl-3d (0.500 g, 1.38 mmol) to the reaction conditions 
of method B gave dl-2d as a yellow solid (0.462 g, 97%). The crude 
product was recrystallized from methanol-petrol to give white 
needles (0.382 g, 8 l%) ,  mp 99.6-101.5 "C dec. Further recrys- 
tallization raised the melting point to 101.6102.9 "C dec: IR vmax 
(KBr) 3025,2991,2940,2907,2242,1605,1499,1454,1444,1240, 
770,748,710,696 cm-'; 'H NMR (400 MHz) 6 7.32-7.18 (m, 10 
H), 2.82 (ddd, 2 H, J = 13.3, 12.2, 4.9 Hz), 2.65 (ddd, 2 H, J = 
13.3, 12.4, 5.1 Hz), 2.46 (ddd, 2 H, J = 13.9, 12.2, 5.1 Hz), 2.32 
(ddd, 2 H, J = 13.9, 12.4, 4.9 Hz), 1.73 (s, 6 H); 13C NMR (22.5 
MHz) 6 139.8 (s), 128.8 (d), 128.4 (d), 126.6 (d), 118.1 (s), 72.4 (s), 
40.1 (t), 30.8 (t), 23.8 (9); MS (+EI, 12 eV), m/z (relative intensity) 
316 (7), 225 (17), 213 (16), 212 (loo), 159 (44), 158 (141, 157 (48), 
92 (19), 91 (79). Anal. Calcd for Cz2H,N,: C, 76.7; H, 7.0. Found 
C, 76.7; H, 7.2. 

meso -4,4'-Diphenyl-2,2',4,4'-tetramethyl-2,2'-azopentane- 
nitrile (2e). Exposure of crude 3e (2.42 g, 5.77 mmol) to the 
conditions of method A gave 2e as a pale yellow solid (2.20 g, 96%). 
Recrystallization from chloroform-petrol (-20 "C) gave white 
chunky crystals: mp -99 "C dec (lit6 mp 75-76 "C, l i tB mp 96 
"C dec); IR u,, (KBr) 3062,2969, 2957, 2243, 1600,1497, 1450, 
1441, 1390,1238, 1031,765,699,558 cm-'; lH NMR (100 MHz) 
6 7.40-7.17 (m, 10 H), 2.53 (d, 2 H, J = 14.9 Hz), 2.40 (d, 2 H, 
J = 14.9 Hz), 1.43 (s, 6 H), 1.38 (s, 6 H), 1.25 (6, 6 H); 13C NMR 
(25 MHz) 6 147.3 (s), 128.3 (d), 126.2 (d), 125.9 (d), 118.4 (s), 70.8 
(s), 50.5 (t), 37.6 (s), 31.1 (q), 29.5 (q), 25.5 (9); MS (+EI, 15 eV), 
m/z (relative intensity) 372 (2), 187 (8), 186 (3), 120 (12), 119 (loO), 
118 (6), 67 (2). 

General Procedure for the Conversion of a-Chloro-a'- 
cyanoazoalkanes 4 to Azo Nitriles 2. Method B, described 
for the synthesis of azo nitriles 2 directly from a-ch1oro-a'- 
cyanoazoalkanes, was followed with the exception that only 1.1 
equiv of Me3SiCN was used. 

meso -2,2',4,4'-Tetramethyl-2,2'-azopentanenitrile (2c). 
Treatment of meso-2-chlorc-2'-cyanc-4,4'-dimethyl-2,2'-azopentane 
(4c) (0.500 g, 1.94 mmol) under the above conditions yielded a 
single isomer as a pale yellow solid (0.458 g, 95%), the proton 
NMR spectrum of which was identical with that of meso-2c 
prepared above. 

dl -2,2',4,4'-Tetramethy1-2,2'-azopentanenitrile (2c). 
Treatment of dZ-2-chloro-2'-cyano-4,4'-dimethyl-2,2/-e 
(4c) (0.500 g, 1.94 mmol) under the general reaction conditions 
gave a pale yellow solid as a single isomer (0.462 g, 96%), the 
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proton NMR spectrum of which was identical with that of dl-2c 
prepared above. 

(S)-(+)-3-Phenylbutyric Acid (9). Resolution of the com- 
mercially available racemic acid was accomplished by using 
(S)-(-)-1-phenylethylamine, [ciIz0D -39" (neat). six recrystalli- 
zations from ethanol/water gave a pure salt (33%): mp 
146.7-147.7 "C (lit.22 mp 144.5-146 "C). The acid was liberated30 
and purified by Kugelrohr distillation [120 "C (0.05 Torr)] to give 
(S)-(+)-3-phenylbutyric acid as a colorless liquid (98%): [ciIzoD 

+57.6" (c 2.7, benzene) [lit.31 [a Iz5D -57.6" (c 2.7, benzene) for 
(R)-(-b91. 

(S )-( +)-4-Phenyl-2-pentanone. To a vigorously stirred so- 
lution of (S)-(+)-3-phenylbutyric acid (9) (7.20 g, 0.44 mol) in dry 
ether (290 cm3), cooled in an ice bath, was added dropwise during 
3 h an ethereal solution of methyllithium (270 cm3, 0.33 M so- 
lution, 0.089 mol). The resulting white suspension was stirred 
at  room temperature for 4 h, after which dichloroethane (7.5 cm3) 
was added. After being stirred at room temperature for a further 
0.5 h, the reaction mixture was poured into a mixture of ice and 
dilute aqueous hydrochloric acid. The ether layer was separated, 
and the aqueous layer was extracted with dichloromethane (2 X 
90 cm3). The combined organic extract was washed with 10% 
aqueous NaHC03 (250 cm3) followed by distilled water (250 cm3) 
and dried (Na2S0,) and the solvent evaporated under reduced 
pressure. The crude ketone was purified by Kugelrohr distillation 
[70 "C (0.15 Torr)] to give (S)-(+)-4-phenyl-2-pentanone as a 
colorless liquid (6.87 g, 97%): +74.3" (c 1.0, benzene) (lit.32 
["ID -74.5" ( c  1.0, benzene) for R-(-) enantiomer); IR vmaa (film) 
2962, 1716,1495,1453,1360,1163,760,701 cm-'; 'H NMR (100 
MHz) 6 7.37-7.11 (m, 5 H), 3.48-3.13 (m, 1 H), 2.75 (dd, 1 H, J 
= 16.3, 6.4 Hz), 2.66 (dd, 1 H, J = 16.3, 7.9 Hz), 2.06 (s, 3 H), 1.26 
(d, 3 H, J = 6.8 Hz); 13C NMR (25.0 MHz) 6 207.7 (s), 146.1 (s), 
128.5 (d), 126.7 (d), 126.2 (d), 51.9 (t), 35.4 (d), 30.5 (q), 22.0 (9); 
MS (+EI, 70 eV), m/z (relative intensity) 162 (441, 147 (591, 119 
(19), 105 (loo), 104 (26), 91 (44), 77 (23), 43 (98). 
(S)-4-Phenyl-2-pentanone [ (S )-l-Methyl-3-phenyl- 

butylidenelhydrazone (10). A homogenous solution of (S)-4- 
phenyl-2-pentanone (1.000 g, 6.2 mmol) and hydrazine hydrate 
(0.154 g, 3.1 mmol) in ethanol (3 cm3) was stirred at  ambient 
temperature. After 16 h the ethanol was removed under vacuum 
and the residue dried in vacuo to give a colorless liquid (0.988 
g, 100%). Microdistillation [ 132-136 "C (0.008 Torr)] afforded 
a mixture of ketazine isomers (E$/E,Z/Z,Z -48:448 by NMR) 
as a pale yellow liquid (0.847 g, 86%): IR vmax (film) 3027, 2960, 
2925,1636,1494,1452,1362,762,700 cm-'; 'H NMR (400 MHz) 
6 7.33-7.04 (m, Ar H, E,E + E,Z + Z,Z), 3.28-3.19 (m, CH2CH- 
(CH,), E,Z), 3.14-3.00 (m, CHzCH(CH3), E,E + Z,Z), 2.97-2.88 
(m, CH2CH(CH3), E,Z), 2.67-2.43 (m, CH(CH2), E,Z + Z,Z), 2.56 
(dd, J = 13.9, 7.8 Hz, CH(CHH), E$), 2.49 (dd, J = 13.9, 7.6 Hz, 

E,Z), 1.63 (s, C(CH,)=N, E,Z), 1.40 (s, C(CH3)=N, E,E), 1.32 
CH(CHH), E$), 1.87 (9, C(CH&N, Z,Z), 1.80 (s, C(CH,)=N, 

(d, J = 6.8 Hz, CH(CH3), E a ,  1.28 (d, J = 6.8 Hz, CH(CH,), E$), 
1.23 (d, J = 6.8 Hz, CH(CH3), Z,Z), 1.15 (d, J = 6.8 Hz, CH(CH3), 
E,Z); MS (+EI, 15 eV), n / z  (relative intensity) 320 (l), 279 (14), 
201 (39), 174 (28), 162 (19), 161 (ll), 160 (12), 146 (20), 119 (19), 
118 (loo), 105 (20). Anal. Calcd for CZ2Hz8N2: C, 82.5; H, 8.8. 
Found: C, 82.7; H, 8.7. 

(2S,2'R,4S,4'S)-(+)-2,2'-Dichloro-4,4'-diphenyl-2,2'-azo- 
pentane (11, X = Cl). Chlorination of the crude ketazine mixture 
quantitatively afforded a mixture of three diastereomers as a 
yellow liquid (-5:2:2 by NMR). Low-temperature (-15 "C) 
crystallization from petrol followed by successive recrystallizations 
gave the major diastereomer 11 (X = C1) as white needles in 32% 
yield: mp 53.7-55.0 "c; [ciIz5D +63.0" (c 1.0, benzene); IR umaX 
(KBr) 3029, 2955, 2923, 1601,1494, 1453, 1376, 1069,825, 762, 
698,636,607 cm-'; 'H NMR (400 MHz) 6 7.33-7.12 (m, 10 H), 
3.15-3.05 (m, 2 H) 2.81 (dd, 1 H, J = 14.5, 7.6 Hz), 2.358 (dd, 1 
H, J = 14.5, 5.4 Hz), 2.356 (dd, 1 H, J = 14.5, 6.4 Hz), 2.24 (dd, 
1 H, J = 14.5, 5.9 Hz), 1.70 (s, 3 H), 1.32 (s, 3 H), 1.29 (d, 3 H, 
J = 7.1 Hz), 1.22 (d, 3 H, J = 7.1 Hz); 13C NMR (100 MHz) 6 
146.76 (s), 146.13 (s), 127.91 (d), 126.56 (d), 126.45 (d), 125.56 (d), 
95.70 (s), 95.28 (s), 50.25 (t), 49.48 (t), 36.24 (d), 36.21 (d), 29.32 

(29) Lim, D. Collect. Czech. Chem. Commun .  1968, 33, 1122. 

(30) Eliel, E. L.; Wilken, P. H.; Fang, F. T. J.  Org. Chem. 1957,22,231. 
(31) Almy, J.; Cram, D. J. J.  Am. Chem. SOC. 1969, 91, 4459. 
(32) Cookson, R. C.; Kemp, J. E. Chem. Commun. 1971, 385. 
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(q), 28.21 (q), 24.65 (q), 23.95 (9); MS (+EI, 15 eV), m/z (relative 
intensity) 319 (2), 201 (16), 174 (14), 162 (9), 146 (6), 145 (6), 118 
(16), 106 (lo), 105 (loo), 104 (6), 77 (5), 42 (8). Anal. Calcd for 
Cz,H28C12Nz: C, 67.5; H, 7.2; N, 7.2. Found: C, 67.6; H, 7.4; N, 
7.4. 

Minor Diastereomers. The solvent was evaporated from the 
combined supernatant liquor, and the residue was crystallized 
from petrol a t  -78 "C. Recrystallization from petrol gave one of 
the minor isomers [ l l  (X = Cl), "dl-I"] as white needles (248 mg, 
10%): mp 52.4-53.9 "C; [.Iz5D +73.4" (c 1.5, benzene); IR vmu 
(CHC1,) 3010, 2964, 2930, 1602, 1494, 1452, 1377, 701 cm-'; 'H 
NMR (400 MHz) b 7.27-7.12 (m, 10 H), 3.11-3.03 (m, 2 H), 2.59 
(dd, 2 H, J = 14.6, 7.2 Hz), 2.24 (dd, 2 H, J = 14.6, 5.4 Hz), 1.53 
(s, 6 H), 1.29 (d, 6 H, J = 7.1 Hz); 13C NMR (22.5 MHz) 6 147.0 
(s), 128.4 (d), 127.1 (d), 126.1 (d), 95.6 (s), 50.5 (t), 36.4 (d), 28.9 
(q), 24.6 (q); MS (+EI, 12 eV) m/z (relative intensity) 355 (l), 
279 (l l) ,  201 (32), 184 (14), 182 (42), 174 (22), 163 (12), 162 (78), 
147 (35), 146 (20), 106 (17), 105 (loo), 104 (17). Anal. Calcd for 
CzzHzeClZNz: C, 67.5; H, 7.2; N, 7.2. Found: C, 67.6; H, 7.6; N, 
7.4. 

Crystallization from petrol at -78 "C of the mother liquor from 
the separation of the first minor diastereomer ("dl-I") followed 
by recrystallization at -15 "C afforded a second minor isomer 11 
[(X = Cl), "dl-11"] as cubic crystals (206 mg, 8%): mp 49.5-50.8 
"C; [ L U ] ~ ~  +27.8O (c 1.1, benzene); IR u, (KBr) 3026,2965,2927, 
1602,1493,1454,1377,764,703,639 cm-'; 'H NMR (400 MHz) 
b 7.32-7.18 (m, 10 H), 3.22-3.14 (m, 2 H), 2.54 (dd, 2 H, J = 14.6, 
6.7 Hz), 2.36 (dd, 2 H, J = 14.6, 5.6 Hz), 1.51 (s, 6 H), 1.27 (d, 
6 H, J = 7.1 Hz); 13C NMR (22.5 MHz) 6 147.4 (s), 128.6 (d), 127.0 
(d), 126.2 (d), 96.1 (s), 49.9 (t), 36.5 (d), 28.6 (q), 24.2 (9); MS (+EI, 
15 eV), m / z  (relative intensity) 355 (l), 201 (6), 175 (4), 174 (4), 

145 (a), 118 (8), 106 (21), 105 (100). Anal. Calcd for C2zH2sC1zNz: 
C, 67.5; H, 7.2; N, 7.2. Found: C, 67.8; H, 7.6; N, 7.3. 

(25,2'R ,45,4'5) -( +)-2,2'-Dimet hyl-4,4'-dip henyl-2,2'-azo- 
pentanenitrile (11, X = CN). Treatment of 11 (X = C1) (391 
mg, 1.0 "01) under the conditions of method B gave a pale yellow 
oil (371 mg, 99%). Crystallization from methanol-pentane (-15") 
followed by a further two recrystallizations afforded 11 (X = CN) 
as white needles (202 mg, 54%): mp 86.4-87.2 "c dec; 
+43.6" (c 1.0, benzene); IR umS (KBr) 3026,2964,2925, 2897,2239, 
1602,1495,1447,1256,766,702,530 cm-'; 'H NMR (400 MHz), 
7.33-7.14 (m, 10 H), 3.08-3.00 ( m, 1 H), 3.00-2.92 (m, 1 H), 2.83 
(dd, 1 H, J = 14.5,9.3 Hz), 2.24 (dd, 1 H, J = 14.5, 5.0 Hz), 2.21 
(dd, 1 H, J = 14.3, 7.8 Hz), 2.07 (dd, 1 H, J = 14.3, 6.1 Hz), 1.62 
(~,3H),1.32(d,3H,J=7.1Hz),1.23(d,3H,J=7.1Hz),0.99 
(s, 3 H); 13C NMR (100 MHz) 6 145.76 (s), 144.75 (s), 128.79 (d), 
128.76 (d), 127.38 (d), 127.01 (d), 126.78 (d), 126.67 (d), 118.24 
(s), 117.91 (s), 72.34 (s), 72.16 (s), 45.63 (t), 45.28 (t), 36.98 (d), 
36.61 (d), 25.61 (q), 24.41 (q), 23.66 (q), 23.59 (q); MS (+EI, 15 
eV), m/z (relative intensity) 344 (4), 302 (5), 239 (6), 226 (16), 
211 (6), 173 (E) ,  172 (5), 171 (8), 119 (8), 106 (21), 105 (loo), 104 
(9). Anal. Calcd for CZ4Hz8N4: C, 77.4; H, 7.6. Found: C, 77.4; 
H, 7.5. 
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In  the  course of our work on  the  asymmetric enol eth- 
er-ketene cycloaddition reaction,' a number of optically 
active cis and trans 0-alkyl enol ethers were required. 
While acetylenic ethers I appeared to be potentially ex- 
cellent precursors of enol ethers IIa,b (eq l), a search of 

ROuR' 

HA" 

( 1 )  
/ 

RO -.-R' 

the literature revealed no facile, general approaches to this 
well-studied class of compounds2 and virtually no  reports 

(1) Greene, A. E.; Charbonnier, F. Tetrahedron Lett. 1985, 26, 
5525-5528. 

0022-3263/87/1952-2919$01.50/0 

on the preparation of chiral (nonracemic)  derivative^.^ In 
this paper a general, highly efficient, typically one-pot 
procedure for t h e  preparation of a variety of optically 
active acetylenic ethers is reported. 

Most alcohols on successive treatment in  tetrahydro- 
furan with potassium hydride, trichloroethylene, n-bu- 
tyllithium, a n d  a primary iodide or water are converted 
in high yield t o  the  acetylenic ether (eq 2): which can be 
purified by simple filtration over silica gel and/or distil- 
lation. Examples of this method are given in Table I. 

ROH R O  - I  - R' ( H )  ( 2 )  

T h e  potassium alkoxide generates and  attacks t h e  di- 
~ h l o r o a c e t y l e n e ; ~ ~ ~  the resulting adduct on treatment with 

K H  ;CI,C = CHCI; 

n - C , H 9 L i ;  R'I or H ~ O  

(2) For review, see: Arens, J. F. In Advances in Organic Chemistry; 
Raphael, R. A,, Taylor, E. C., Wynberg, H., Eds.; Interscience: New York, 
1960; Vol. 11, pp 117-212. Brandsma, L.; Bos, H. J. T.; Arens, J. F. In 
Chemistry of Acetylenes; Viehe, H. G., Ed.; Marcel Dekker: New York, 
1969; Chapter 11. Meerwein, H. In Methoden der Organischen Chemie 
(Houben- Weyl), 4th ed.; Georg Thieme Verlag: Stuttgart, 1965; Vol. 6/3, 
Chapter 1, pp 116-118. Ben-Efraim, D. A. In The Chemistry of the 
Carbon-Carbon Triple Bond; Patai, S., Ed.; Wiley-Interscience: New 
York, 1978; Vol. 2, Chapter 18 and references cited therein. 

(3) See, however: Olsman, H. h o c .  K. Ned. Akad. Wet. Ser. E Pa- 
laeontol., Geol., Phys., Chem., Anthropol. 1966, B69,629-644, 645-659, 
660-674,675-690; Chem. Abstr. 1967,66, 64994~. 

(4) While no extensive optimization studies have been carried out, 2 
equiv of potassium hydride, 1 equiv of trichloroethylene, 2-3 equiv of 
butyllithium, and 2.5-5 equiv of the iodide have been found t o  produce 
satisfactory results. 
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