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alternate route to anisole. This process is analogous to one 
of the reactions invoked to explain the electrochemical 
behavior of decyl mercuric halides in dimethylf0rmamide,3~ 
but this pathway to anisole is neither excluded nor re- 
quired by any experimental finding in the present study. 
In addition, it is conceivable that the p-anisyl radical might 
abstract a hydrogen atom from the solvent to yield anisole. 
However, in two earlier papers from our laboratory, it was 
found that isobutane (obtained from tert-butyl radicals 
electrogenerated at mercury from tert-butyl bromide)= and 
that octane (derived from sec-octyl radicals electrogener- 
ated at  mercury from 2- iodoo~tane)~~ are both formed 
almost exclusively via radical disproportionation and not 
by abstraction of a hydrogen atom from dimethylform- 
amide. We infer from these results that transfer of a 
hydrogen atom from dimethylformamide to a p-anisyl 

radical does not play a significant role in the electro- 
chemical reduction of 4-haloanisoles. 

Because reduction of Cbromoanisole at mercury requires 
a potential 400-500 mV more negative than that needed 
to electrolyze 4-iodoanisole, the transient p-anisyl radical 
should immediately accept another electron, without the 
need for interaction with the surface of the mercury 
cathode, to give the p-anisyl carbanion, protonation of 
which affords anisole. Accordingly, we conclude that re- 
actions 1 and 2, formulated above, account satisfactorily 
for the electrochemistry of 4-bromoanisole a t  mercury as 
well as for the electrochemical behavior of both of the 
4-haloanisoles a t  carbon. 

Registry No. 4-Iodoankole, 696-62-8; 4-bromoanisole, 104-92-7. 
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A variety of aliphatic and alicyclic ketone acylhydrazones (R,R,C=NNHCOR,) were subjected to electrolytic 
oxidation in methanol containing sodium cyanide by using a carbon anode a t  room temperature. The hydrazones 
underwent an addition of hydrogen cyanide, followed by anodic oxidation to give nitriles (R&CHCN) and methyl 
esters (MeOCOR,), liberating N,. This electrolytic reaction was developed into a practical procedure for the 
preparation of nitriles, which involves an in situ formation of HCN adducts of hydrazones (R&C(CN)N"HCOR,), 
prior to passing current. When the HCN adducts were prepared separately and electrooxidized under similar 
conditions, higher yields of nitriles could be obtained. 

The electrooxidative behavior of hydrazine derivatives 
has been extensively studied, and it has been found that 
the 1,2-disubstituted hydrazines and hydrazones give the 
corresponding diazene or diazenium compounds in many 
cases, by a two-electron 0xidation.l Several reports are 
available for the application of these reactive species 
generated anodically to organic syntheses,2 but there are 
only a few reports for the synthetic application of the 
electrolytic oxidation of ketone acylhydrazones and related 
 compound^.^ 

In our continued investigation of the electrochemical 
oxidation of nitrogen-containing compounds,4 we were led 
to the oxidation of these compounds since they were ex- 
pected to undergo nucleophilic reaction with anionic 

(1) (a) Weinberg, N. L.; Weinberg, H. R. Chern. Rev. 1968,68,449. (b) 
Lund, H. The Chemistry of Carbon-Nitrogen Double Bond; Patai, S., Ed.; 
Wiley: New York, 1970; p 505. ( c )  Nelson, R. F. Techniques of Elec- 
troorganic Synthesis, Weinberg, N. L., Ed.; Wiley: New York, 1974; Part 
1, Chapter 5, p 535. (d) Torii, S. Electroorganic Syntheses; Kodansha: 
Tokyo, 1985; Part 1, p 153. 

(2) (a) Cauquis, G.; Genies, M. Tetrahedron Lett. 1970,2903,3403. (b) 
Cauqius, G.; Genies, M. Ibid. 1971,3959,4677. (c) Cauquis, G.; Chabaud, 
B.; Gohee, Y. Ibid. 1977, 2583. (d) Degrand, M. C.; Millet, C. Bull. SOC. 
Chim. Fr. 1975, 324. (e) Crljenak, S.; TabakoviE, I.; JeremiE, D.; Gaon, 
I. Acta Chern. Scand. 1983,837,527. (f) GuniE, E.; TabakoviE, I. J. Org. 
Chem. 1988,53,5081. (9) Lin, EX.;  Van de Mark, M. R.; J. Chem. Soc., 
Chem. Commun. 1982 1176. 

(3) (a) Hammerich, 0.; Parker, V. D. J. Chem. Soc., Perkin Trans. I ,  
1972, 1718. (b) Lewalter, J.; Birr, C. Justus Leibigs Ann. Chem. 1970, 
740. 48. 

(4) (a) Chiba, T.; Okimoto, M.; Nagai, H.; Takata, Y. J. Org. Chem. 
1983,48, 2968. (b) Chiba, T.; Okimoto, M.; Nagai, H.; Takata, Y. Ibid. 
1979,44, 3519. (c )  Chiba, T.; Takata, Y. Ibid. 1977, 42, 2973. 
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Table I. Electrolytic Oxidation of Ketone Acylhydrazones 
in NaCN-MeOH" 

yield of yield of 
hydrazone V 2!%Eb nitrile: % ester: % 

l a  
l b  
IC 
Id 
le  
I f  
1g 
2a 
2b 
2c 
2d 
3a 
3b 
3c 
3d 

0.78 
0.85 
0.85 

0.86 
0.90 
0.90 
1.08-1.10d 
1.08-l.lOd 

- 

<1.10 

0.97 

<1.10 

- 

0.98-1.02d 

- 

70 62 
45 43 
44 45 
30 31 
61 64 
44 51 
27 28 
68 
14 
27 
27 
61 

6 
34 
21 

52 

Anolyte: hydrazone (40 mmol) and NaCN (80 mmol) in MeOH 
(80 mL). Constant current: 0.5 A. Current passed: 2.2 F/mol. 
Temperature: ca. 17 "C. bRead from the current-potential curve. 
The measurements were carried out in 0.1 M NaCN-MeOH with 
Pt electrodes. The concentration of hydrazone was 2 mM and the 
scan rate was 0.1 V/s. cBy GLC analysis. dEstimated value. The 
i-E curve did exhibit a well-defined S-shape, due to the closeness 
to that of the background. 

species at  the carbon atom of the azomethine and/or the 
carbonyl group. 

The present paper describes the results of the electro- 
lytic oxidation of ketone acylhydrazones and their HCN 
adducts in methanol-containing sodium cyanide, which can 

1990 American Chemical Society 



Electrochemical Oxidation J .  Org. Chem., Vol. 55, No. 3, 1990 1071 
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be utilized in the transformation of a carbonyl group of 
ketones into a cyanomethylene group (Scheme I). 

Results and Discussion 
In the present study, the benzoyl, acetyl, and carbo- 

methoxyhydrazones which are readily available from ke- 
tones and the corresponding N-substituted hydrazines5 
were used. All of the preparative electrolyses were per- 
formed in a divided cell with a carbon rod anode under 
constant current conditions a t  room temperature. 

Table I shows the results with the several hydrazones 
in NaCN-MeOH. During the electrolyses, an evolution 
of Nz from the anolyte was always observed, and approx- 
imately equimolecular quantities of nitrile and methyl ester 
were formed simultaneously. The product yields differed 
markedly for the starting hydrazone, and they appeared 
to be governed by the structure of the parent ketone 
component (R, and R,) rather than the substituent R3 of 
the hydrazide moiety. 

From voltammetric experiments in NaCN-MeOH with 
a platinum anode, it was found that the benzoylhydrazones 
employed are oxidized in a potential range from +0.8 to 
+0.9 V vs SCE, whereas acetyl- and carbomethoxy- 
hydrazones are oxidized at  about +1.1 and +1.0 V or with 
more anodic potentials, respectively. Thus, the oxidation 
potential difference seemed not to have much influence 
on the nitrile yields. 

(5) (a) Curtius, T.; Struve, G. J. Prakt. Chem. 1894, 50, 295. (b) 
Spialter, L.; OBrien, D. H.; Untereiner, G. L.; Rush, W. A. J.  Org. Chem. 
1965,30,3278. (c) Rabjohn, N.; Barnstorff, H. D. J.  Am. Chem. SOC. 1953, 
75, 2259. 
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Figure 1. Cyclic voltammograms of la and 4a in NaCN-MeOH 
at platinum. Concentration of la or 4a: 2 mM in 0.1 M 
NaCN-MeOH. Scan rate: 0.1 V/s. Temperature: ca. 17 "C. 

On the other hand, cyclic voltammetry of cyclohexanone 
benzoylhydrazone (la) in NaCN-MeOH exhibited an ox- 
idation peak at  +1.05 V. When the scan was repeated 
beyond the peak, another wave appeared at  a more cath- 
odic potential, and the cyclic voltammogram of the sta- 
tionary state was superposable on that of HCN adduct of 
the hydrazone (4a) (Figure 1). 

In addition, in coulometric experiments with la and 4a 
a t  a constant potential of +0.8 V, ca. 2 F of current was 
counted for the formation of 1 mol of the nitrile (7a), 
respectively.6 These results strongly suggested that the 
electrolytic oxidation of hydrazones to give nitriles pro- 
ceeds through mainly their HCN adducts and that the 
addition of HCN to the hydrazone does not involve a direct 
electron transfer between the anode and the hydrazone. 

The marked differences in nitrile yields depending upon 
the starting hydrazones would likely be attributed to the 
rate of the formation of the HCN adduct. In fact, when 
hydrazones were treated with HCN generated in situ from 
NaCN and acetic acid in MeOH (see Experimental Sec- 
tion), la which afforded a good yield of the nitrile gave 
4a in a 90% yield within 1 day, in contrast to only about 
a 60% yield with lb even in a reaction for a week. 

On the basis of tho above observations, the present 
electrolysis was develcped as a practical procedure for the 
preparation of nitrilqj. Hydrazones were electrolyzed by 
adding acetic acid to the anolyte system, followed by 
several days standing before the electrolysis, so as to allow 
the addition reaction of HCN to the hydrazones. Further, 
HCN adducts 4-6 were prepared separately and were 
electrooxidized in NaCN-MeOH. In these electrolyses, 
carbomethoxyhydrazone derivatives (3, 6) were used 
mainly, because of the convenient isolation of nitriles by 

v V S .  cCE 

(6) Although the constant potential electrolyses were carried out in the 
same cell used for the preparative electrolyses equipped with a reference 
electrode, the exact control of the potential was difficult because of the 
evolution of N2 near the anode surface. 
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Table 11. Electrolytic Oxidation of Hydrazones in 
NaCN-MeOH after Several Days Standing' 

yield of nitrile,b 70 
hydrazone 3 days 7 days 

3a 77 [88] 82 [91] 
3b 1371 42 [46] 
3c 71 77 
3d [431 57 
3e 73 [79] 
3f 62 [68] 72 [77] 
3g [531 55 [59] 
3h [451 59 
3i 74 [88] 
3j 78 [83] 
3k ~ 9 1  43 

'Anolyte: hydrazone (20 mmol), NaCN (20 mmol + 40 mmol), 
and AcOH (25 mmol) in MeOH (80 mL). Constant current 0.3 A. 
Current passed: 2.2-2.7 F/mol. Temperature: ca. 17 "C. 

simple distillation. Although benzoylhydrazones (1) 
tended to favor the formation of nitriles in many cases, 
the simultaneously formed methyl benzoate has a boiling 
point close to those of the nitriles obtained. 

As can be seen from Table 11, the nitrile yields signifi- 
cantly increased on increasing the standing period. By this 
method, relatively good yields of nitriles could be obtained 
with hydrazones which are susceptible to an addition of 
HCN, whereas with hydrazones which are less reactive with 
HCN, such as sterically hindered ketone hydrazones and 
cyclopentanone hydrazone, the yields did not exceed 60%. 
In the electrolyses of HCN adducts themselves, however, 
satisfactory results were obtained in each case (Table 111). 

An attempted analogous electrolysis with HCN adduct 
of cyclohexanone phenylhydrazone (8) afforded phenyl- 
diazenecyclohexylcarbonitrile (9), likewise 1,2-bis(l- 
cyanocyclohexy1)hydrazine (10) gave 1,l'-azobis(1-cyclo- 
hexanenitrile) (1 1)7 as the main product, while the current 
efficiency was very low, presumably due to its poor solu- 
bility. In contrast, 2-substituted benzoylhydrazines such 
as 1-benzoyl-2-phenylhydrazine (12)8 or 1,2-dibenzoyl- 
hydrazine ( 13)9 produced methyl benzoate and benzene 
or methyl benzoate along with the evolution of N2, re- 
spectively (Scheme 11). Accordingly, it can be postulated 
that the electrolytic oxidation of HCN adduct of hydrazone 
(4-6) gives in the first step the diazene compound, which 
immediately undergoes cleavage to nitrile and methyl ester 
involving the liberation of N b nucleophilic attack of 

The most likely reaction pathway may therefore be 
depicted as shown in Scheme 111. Initially, the hydrazone 
(A) is oxidized through two electrons and one proton loss 
to give the cation (B), which can react with cyanide ion 
to form the diazene (C). As the electrolytic oxidation 
progresses, the local acidity near the anode surface would 
increase by the liberated proton, especially when the 
electrolysis is carried out in a divided cell. In this situation, 
hydrazone (A) undergoes the chemical addition reaction 
of HCN generated in situ. Since the HCN adduct (D) is 
more oxidizable than A, the oxidation of D predominantly 
proceeds at the anode to give C by a two-electron process. 
The generation of HCN may further be caused by the 
proton liberated in the anodic oxidation of D. The re- 
sulting C subsequently fragments to the nitrile, methyl 

Isolated yield based on 3. Values in brackets are GLC yield. 

methanol on the carbonyl group. 9 0  

(7) Overberger, C. G.; Huang, P.; Berenbaum, M. B. Organic 
Syntheses; Wiley: New York, 1963; Collect. Vol. 4, p 66. 

(8) Cohen, S. G.; Nicholson, J. J. Org. Chem. 1965, 30, 1162. 
(9) Leffler, J. E.; Bond, W. B. J .  Am. Chem. SOC. 1956, 78, 335. 
(10) (a) Hoffmann, R. W. Chern. Ber. 1964,97, 2763. (b) Hoffmann, 

R. W. Angew. Chem. 1963, 75, 168. 
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ester, and N2 as described above. 

The transformation of the carbonyl group of ketones into 
a cyanomethylene group appears to be an attractive syn- 
thetic process. Several methods have been reported for 
the preparation of nitriles from ketones," including the 
action of toluene-p-sulfonylmethyl isocyanate to ketones 
in the presence of base, and the multistep processes via 
addition of HCN to hydrazone derivatives. In the latter 
methods, the HCN adducts have subsequently been py- 
rolyzed1lC or oxidized to the diazene derivatives which are 
readily decomposed to afford nitriles.llayb Although the 
one-pot operation has been achieved by the use of tolu- 
ene-p-sulfonylmethyl isocyanatelle or 2,4,6-triisopropyl- 
benzenesulfonylhydrazine,"' these reagents are expensive 
and unaccessible. In contrast, the method using carbo- 
methoxyhydrazones by Ziegler, while readily available 
materials are used, requires the processes no less than four 
steps; that is condensation of carbomethoxyhydrazine with 
ketone, addition of HCN, oxidation with bromine, followed 
by decomposition with base such as sodium methoxide.'lhb 

The present process is related to the procedure of Zie- 
gler; however, by the electrolytic method the desired ni- 
triles could be obtained from the corresponding ketone in 
two or three steps under mild conditions without the use 
of oxidizing agent and special reagents. Also, the simul- 
taneously formed methyl esters may be used again as the 
starting material for the acylhydrazines. But, this was not 
applicable for aldehyde hydrazones or unreactive hydra- 
zones to HCN such as aromatic ketone hydrazones. 

Experimental Section 
All melting and boiling points are uncorrected. Infrared spectra 

were recorded on a Hitachi 295 IR spectrophotometer, and the 
samples were analyzed as CHC13 solutions unless otherwise noted. 
'H NMR spectra were measured on a JEOL FX 200 spectrometer 

(11) (a) Wender, P. A.; Eissenstat, M. A.; Sapuppo, N.; Ziegler, F. E. 
Organic Syntheses; Wiley: New York, 1988; Collect. Vol. 6, p 334. (b) 
Ziegler, F. E.; Wender, P. A. J. Org. Chem. 1977, 42, 2001. (c) Cacchi, 
S.; Caglioti, L.; Paolucci, G. Chem. Ind. (London) 1972, 213. (d) 
Schollkopf, U.; Schroder, R. Angew. Chem. Int.  Ed. Engl. 1973,12,407. 
(e) Oldenziel, 0. H.; van Leusen, D.; van Leusen, A. M. J. Org. Chem. 
1977, 42, 3114. (0 Jiricny, J.; Orere, D. M.; Reese, C. B. J. Chem. SOC., 
Perkin Trans. 1, 1980, 1487. 

(12) Brown, R. F.; van Gulick, N. M. J. Am. Chem. Soe. 1955,77,1083. 
(13) Brett, D.; Downie, I. M.; Lee, J. B. J.  Org. Chem. 1967,32, 855. 
(14) This compound was identified by comparison of the IR, NMR, 

and mass spectra with those of the authentic sample prepared by Dr. 
Masuda in our institute. For the preparation method, see: Masuda, Y.; 
Hoshi, M.; Yamada, T.; Arase, A. J. Chem. Soc., Chern. Commun. 1984, 
398. 

(15) Heiblon, I.; Cook, A. H.; Bunbury, H. M.; Hey, D. H. Dictionary 
of Organic Compounds; Eyre and Spottiswoods: Great Britain, 1965; Vol. 
4, p 2163. 

(16) Allinger, N. L.; Szkrybalo, W. J .  Org. Chern. 1962, 27, 4601. 
(17) Aldrich Chemical Catalog (1988-1989); Aldrich Chemical Co.: 

Milwaukee, WI; p 1137. 
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Table 111. Electrolytic Oxidation of HCN Adducts of Hydrazonesa 
current 

HCN passed, yield bp, "C lit. bp, "C 
adduct F/mol of 7 . b  % (mmHd (mmHe) ref 

4a 
5a 
6a 
4b 
5b 
6b 
6c 
6e 
6f 
6g 
6h 
6i 
6j 
6k 

2.6 
2.6 
2.6 
2.3 
2.3 
2.5 
2.3 
2.1 
2.2 
2.2 
2.2 
2.6 
2.3 
2.6 

1831' 
83 
86 

65 
71 
79 
70 
78 
72 
84 
83 
83 
86 

~ 4 1  

80-82 (22) 

160-1 6 5 

67-69 (13) 

87-89 (14) 
74-76 (52) 
90-91 (14) 
79-82 (17) 

124-126 (17) 
89-90 (14) 

144-146 

64-66 (12) 
61 (11) 

101 (100) 

64 ( l l ) ,  63 (11) 
141-143 
85-90d 
93 (99) 
85-86 (10) 
79-81 (16) 

116-117 (8) 
73-75 (10) 

11 e 
l l f  

l l f  

l le ,  l l f  
12 
13 
14 
l l e  
15 
16 
17 

OAnolyte: HCN adduct (40 mmol) and NaCN (80 mmol) in MeOH (80 mL). Constant current: 0.5 A. Temperature: ca. 17 "C. bIsolated 
yield based on HCN adduct. GLC yield. Water aspiration. 

Scheme I11 

R2' 'CN 

(D) 

+MeOH R1,  - 
'1:CHCN + OEle- ,c, - 
R 2  R2 CN 

a t  200 MHz in CDCl,. Chemical shifts are reported in 6 units 
relative to internal TMS. Gas-liquid chromatography (GLC) were 
performed on a Hitachi 163 gas chromatograph using a 2-m glass 
column packed with FFAP on Chromosorb W AW and a 1-m 
stainless steel column packed with Silicone SE-30 on Uniport B, 
or on a Shimadzu GC-14A gas chromatograph using a 30-m 
Shimadzu ULBON HR-2OM glass capillary column (0.53 mm in 
diameter). The carrier gas for each was N2, and the detector was 
FID. Mass spectra were obtained on a Hitachi M-52 spectrometer. 
Ionization potential was 70 eV. Elemental analyses were per- 
formed by Instrumental Analyses Laboratories, Hokkaido 
University, Sapporo. 

Electrolysis apparatuses used were similar to those previously 
described.4b Voltammetric measurements were carried out in a 
divided H-type cell provided with a platinum disk electrode, a 
saturated calomel reference electrode, and a platinum wire as the 
counter electrode. The anolyte volume was ca. 25 mL. Preparative 
electrolyses were conducted in a 100-mL cylindrical flask equipped 
with a fie-frit glass cup as the cathode compartment, four carbon 
rods (8-mm diameter, 100-mm long) as the anode, and a platinum 
coil cathode. 

Materials. Benzoyl-, acetyl-, and carbomethoxyhydrazine were 
prepared by the methods in the All of the hy- 
drazones were prepared by refluxing a solution of the corre- 
sponding substituted hydrazine (0.2 mol) and commercially 
available ketone (0.2 mol) in MeOH (100 mL) containing a few 
drops of acetic acid for 6 h, except for diisopropyl ketone (3 days)! 
Approximately quantitative yields were obtained in most cases. 
The HCN adducts of hydrazones were prepared by treatment of 
hydrazone (0.1 mol) with NaCN (0.3 mol) in acetic acid-MeOH 
(60 mL/400 mL) at  room temperature for several days according 
to the procedure of Cacchi,llc or by our convenient procedure using 
phase-transfer catalyst from hydrazone.21 Compound 8 was 

+OMe- 

?Me 

-N2 R1, ,N=N- -R3COOMe R1, ,N=N-C-R 
/ 1 -  3 , c \  ,c\ 

R2 CN R 2  CN 

prepared by mixing cyclohexanone (0.1 mol), phenylhydrazine 
hydrochloride (0.1 mol), and NaCN (0.1 mol) in H20  (150 mL) 
at  room temperature overnight.22 The white solid thus obtained 
was recrystallized from MeOH to give 8 in a yield of 70%. 
Compounds 10,12, and 13 were prepared by usual methods given 
in the l i t e r a t ~ r e . ~ ? ~ , ~ ~  Since many of the starting materials were 
not found in the literature, they were characterized with IR, 'H 
NMR, and elemental analyses. Their physical and spectral data 
are shown afterward. 

Preparative Electrolyses of 1-6. General Procedure. (A) 
Immediate Electrolyses of 1-3. An anolyte consisting of hy- 
drazone (40 mmol) and NaCN (80 mmol) in MeOH (80 mL) was 
electrooxidized under a constant current of 0.5 A for 4.7 h. The 
amount of current passed was 2.2 F/mol. During the electrolysis, 
the anolyte was stirred by a magnetic stirring bar, and the cell 
was cooled with running water. 

(B) Electrolyses of 1-3 after Standing of the Anolyte. The 
flask was charged with hydrazone (20 mmol), NaCN (20 mmol), 
and MeOH (80 mL), and then acetic acid (25 mmol) was added 
carefully with stirring. The flask was stoppered and allowed to 
stand in the dark for several days a t  room temperature. Before 
the beginning of the electrolysis, additional NaCN (40 mmol) was 
dissolved into the solution. Then the electrodes were placed, and 
a constant current of 0.3 A was passed through the cell. 

(C) Electrolyses of 4-6. The HCN adduct of hydrazone (40 
mmol) was electrooxidized in MeOH (80 mL) containing NaCN 
(80 mmol) under a constant current of 0.5 A until no further 
product formation was detected. 

Posttreatment of the Electrolyses. After the electrolysis, 
the anolyte was analyzed by GLC, and the product yields that 
are indicated in the tables were determined by internal standard 
method. The conditions of the GLC analyses and the retention 
times of products were as follows [product: column, column 

(18) Gattermann, L. Die Praxis des Organischen Chemikers; Walter 

(19) (a) Curtius, T.; Hoffman, T. S. J .  Prakt. Chem. 1896,53,513. (b) 

(20) Diels, 0. Ber. Dtsch. Chem. Ges. 1941, 47, 2183. 

de Gruyter: Berlin, 1962; 41 Aufl., p 138. 

Pitt, C. G. J .  Org. Chem. 1965, 30, 3242. 

(21) Chiba, T.; Okimoto, M., submitted to Synthesis. 
(22) Lynch, T. R.; Maclachlan, F. N.; Sin, Y. K. Can. J. Chem. 1971, 

(23) Hatt, H. H. Organic Syntheses; Wiley: New York, 1943; Collect. 
49, 1598. 

Vol. 2, p 208. 
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temperature, flow rate of carrier gas, retention time of product, 
internal standard (retention time)]. 7a: FFAP 2 m, 180 "C, 6 
mL/min, 8.0 min, phenetole (5.6 min). 7b: FFAP 2 m, 160 "C, 
15 mL/min, 3.9 min, naphthalene (12.8 rnin). 7c: FFAP 2 m, 
140 "C, 5 mL/min, 11.7 min, phenetole (14.1 rnin). 7d: SE-30 
1 m, 115 "C, 6.5 mL/min, 2.9 min, tetralin (7.4 min). 7e: FFAP 
2 m, 140 "C, 11.5 mL/min, 3.5 min, phenetole (7.2 rnin). 7f: FFAP 
2 m, 170 "C, 10 mL/min, 5.6 min, phenetole (4.2 min). 7g: FFAP 
2 m, 150 "C, 5.5 mL/min, 6.6 min, phenetole (11.4 min). 7h: 
FFAP 2 m, 170 "C, 10 mL/min, 10.4 min, phenetole (4.2 rnin). 
7i: FFAP 2 m, 180 "C, 6 mL/min, 8.5 min, phenetole (5.6 min). 
7j: FFAP 2 m, 180 "C, 11.5 mL/min, 12.0 and 13.9 min, naph- 
thalene (10.8 min). 7k: FFAP 2 m, 170 "C, 8 mL/min, 12.6 min, 
naphthalene (17.6 rnin). Methyl benzoate: FFAP 2 m, 160 OC, 
15 mL/min, 8.1 min, naphthalene (12.8 rnin). Benzene: FFAP 
2 m, 100 "C, 3 mL/min, 7.7 min, toluene (11.3 rnin). 

For the isolation of the products, the solvent was removed under 
reduced pressure without heating, and the residue was treated 
with HzO.@ The oily layer was extracted into CHZClz, sufficiently 
washed with HzO, dried with anhydrous sodium sulfate, and 
distilled. The isolated yields by distillation are given in Tables 
I1 and 111. Analytical samples were obtained by redistillation. 

Cyclohexanecarbonitrile (7a): bp 85 "C (22 mm) [lit.'le bp 
64-66 "C (12 mm), lit."'bp 61 "C (11 mm)]; IR (neat) v 2240 cm-' 
(CN); 'H NMR 6 1.3-1.6 (m, 4 H), 1.6-2.0 (m, 6 H), 2.64 (m, 1 
H); MS m/z (relative intensity) 110 (M+ + 1,5), 109 (M', 4), 108 
(M+ - 1, 22), 56 (lOO),  54 (76), 41 (73). Anal. Calcd for C7HllN: 
C, 77.01; H, 10.16; N, 12.83. Found: C, 76.92; H, 10.20; N, 12.73. 
Cyclopentanecarbonitrile (7b): bp 108-110 OC (108 mm) 

[lit."'bp 101 "C (100 mm)]; IR (neat) v 2240 cm-' (CN); 'H NMR 
6 1.6-2.2 (m, 8 H), 2.76 (ca. pent, 1 H); MS m/z (relative intensity) 
96 (M+ + 1,8), 56 (loo), 42 (78). Although satisfactory combustion 
analysis was not obtained, the purity of the product was judged 
to be 197% by GLC analysis (FFAP 2 m), and IR and 'H NMR 
data were identical with those reported in the literature.'lf 

2-n -Propylvaleronitrile (7c): bp 67-69 "C (13 mm) [lit.'le 
bp 64 "C (11 mm), lit."'bp 63 "C (11 mm)]; IR (neat) v 2240 cm-' 
(CN); 'H NMR b 0.96 (t, 6 H), 1.4-1.7 (m, 8 H), 2.55 (br m, 1 H); 
MS m/z  (relative intensity) 126 (M+ + 1, 7), 96 (17),83 (43), 54 
(loo), 43 (42). Anal. Calcd for C8H,,N: C, 76.74; H, 12.08; N, 
11.19. Found: C, 76.41; H, 12.04; N, 11.28. 
3-Methyl-2-isopropylbutyronitrile (7d): bp 86-87 "C (45 

mm) (lit.lZ bp 169-170 "C); IR (neat) u 2230 cm-' (CN); 'H NMR 
6 1.05 (dd, J = 9.8, 6.8 Hz, 12 H), 1.93 (oct, 2 H), 2.14 (t,  1 H); 
MS m / z  (relative intensity) 126 (M+ + 1, 8), 83 (46), 66 (100). 
Satisfactory combustion analysis was not obtained. The purity 
of the product was judged to be 293% by GLC analysis (SE-30 
1 m). 

2-Ethylbutyronitrile (7e): bp 82-83 "C (102 mm) (lit.12 bp 
141-143 "C); IR (neat) v 2230 cm-' (CN); 'H NMR 6 1.08 (t, 6 
H), 1.64 (pent, 4 H), 2.42 (pent, 1 H); MS m/z (relative intensity) 
98 (M+ + 1, 4), 82 (39), 69 (30), 55 (loo), 29 (23). Satisfactory 
combustion analysis was not obtained. The purity of the product 
was judged to be 198% by GLC analysis (FFAP 2 m). 

2-Methyloctanenitrile (7f): bp 96-97 "C (18 mm) [lit.13 bp 
85-90 "C (water aspiration)]; IR (neat) v 2240 cm-' (CN); 'H NMR 
6 0.89 (distorted t, 3 H),  1.2-1.7, 1.31 (m, d ,  J = 7.3 Hz, total 13 
H), 2.60 (ca, sext, 1 H); MS m / z  (relative intensity) 140 (M' + 
1, 6), 138 (M+ - 1, 5), 110 (38), 97 (77), 96 (loo), 82 (48), 68 (551, 
55 (77), 43 (95). Anal. Calcd for C9H17N: C, 77.63; H, 12.31; N, 
10.06. Found: C, 77.52; H, 12.49; N, 10.05. 

2,4-Dimethylvaleronitrile (7g): bp 80-81 "C (55 mm) [lit.'* 
bp 93 "C (99 mm)]; IR (neat) u 2230 cm-' (CN); 'H NMR 6 0.94 
(dd, J = 6.8, 2.9 Hz, 6 H), 1.2-1.4, 1.31 (m, d, J = 6.8 Hz, total 
4 H), 1.5-1.7 (m, 1 H), 1.7-1.95 (m, 1 H), 2.66 (m, 1 H); MS m / z  
(relative intensity) 112 (M+ + 1, 6), 100 (M' - 1, 3), 69 (1001, 57 
(62), 55 (74), 54 (58), 46 (58), 41 (57). Anal. Calcd for C2Hl3N: 
C, 75.61; H, 11.79; N, 12.60. Found: C, 75.21; H, 11.70; N, 12.59. 

Cycloheptanecarbonitrile (7h): bp 95 "C (13 mm) [lit.11e 
bp 85-86 "C (10 mm)]; IR (neat) u 2230 cm-' (CN); 'H NMR 6 
1.5-2.0 (m, 12 H), 2.79 (m, 1 H); MS m/z  (relative intensity) 124 
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(M' + 1, 2), 123 (M', 3), 122 (M+ - 1, 16), 94 (41), 81 (29), 55 
(loo), 42 (38). Anal. Calcd for C8H13N: C, 77.99; H, 10.64; N, 
11.37. Found: C, 78.06; H, 10.66; N, 11.23. 
2-Methylcyclohexanecarbonitrile (7i): bp 92-94 "C (23 mm) 

[lit.', bp 79-81 "C (16 mm)]. GLC analysis (ULBON, HR-ZOM, 
30 m, at  90 "C) revealed that the product consists of two ste- 
reoisomers with the retention times of 16.9 and 17.9 min. The 
area ratio was 4654. This was characterized as a mixture: IR 
(neat) u 2230 cm-' (CN); 'H NMR 6 1.08, 1.12 [d, d, J = 8.8 Hz 
each, total 3 H (45:55)], 1.2-1.4 (m, 2 H), 1.5-1.9 (m, 6 H), 1.9-2.2 
(m, ca. 1.5 H), 2.83 (br pent, ca. 0.5 H); MS m/z (relative intensity) 

for C8H13N: C, 77.99; H. 10.64; N, 11.37. Found: C, 77.68; H, 
10.81; N, 11.31. 
4-tert-Butylcyclohexanecarbonitrile (7j): bp 126-127 "C 

(18 mm) [lit.16 bp 116-117 "C (8 mm)]. GLC analysis (FFAP 2 
m, a t  180 "C) revealed that the product consists of two stereo- 
isomers with the retention times of 12.0 and 13.9 min. The area 
ratio was 57:43. From the 'H NMR data, the former was assumed 
to be the cis form and the later was trans. This was characterized 
as a mixture: IR (neat) u 2240 cm-' (CN); 'H NMR 6 0.84, 0.87 
[s, s, total 9 H (42:58)], 1.0 (m, 1 H), 1.2-1.95 (m complex, 5 H), 
1.95-2.4 (m complex, ca. 2.4 H), 2.92 (br pent, ca. 0.6 H); MS m/z  
(relative intensity) 166 (M' + 1, l), 165 (M', 0.7), 57 (100). Anal. 
Calcd for CllHlgN: C, 79.94; H, 11.59; N, 8.48. Found: C, 79.66; 
H, 11.75; N, 8.42. 

From the mixture, the cis isomer crystallized directly on 
standing in an ice box. The white crystals were collected by 
filtration and washed with small portions of Et20: mp 51-54 "C 
(lit.16 mp 59.5-60 "C); 'H NMR 6 0.87 (s, 9 H), 1.0 (m, 1 H), 1.2-1.6 
(m, 4 H), 1.77 (br d, J = 12 Hz, 2 H), 2.04 (br d, J = 1 2  Hz, 2 
H), 2.92 (br pent, 1 H). 

2-Norbornanecarbonitrile (7k): bp 89-90 "C (14 mm), mp 
42-46 "C [lit.17 bp 73-75 "C (10 mm), mp 43-45 "C]. GLC analysis 
(ULBON, HR-BOM, 30 m, a t  110 "C) revealed that the product 
consists of two stereoisomers with the retention times of 16.3 and 
17.7 min. The area ratio was 40:60. This was characterized as 
a mixture: IR u 2220 cm-' (CN); 'H NMR 6 1.1-1.9 (m complex, 
ca. 7.5 H), 1.9-2.1 (ddt ?, ca. 0.6 H), 2.3-2.45 (m, ca. 1.4 H), 2.5 
(br m, 0.6 H), 2.6 (br m, 0.4 H), 2.63-2.8 (m, ca. 0.6 H); MS m/z  
(relative intensity) 121 (M', 3), 120 (M+ - 1, 6), 68 (100). Anal. 
Calcd for C8HllN: C, 79.29; H, 9.15; N, 11.56. Found: C, 79.18; 
H, 8.96; N, 11.22. 

Electrolysis of 8. A solution of 8 (40 mmol) in MeOH (80 
mL) containing NaCN (80 mmol) was electrooxidized under a 
constant current of 0.5 A. The amount of current passed was 2.3 
F/mol. After the usual workup, the crude product was recrys- 
tallized from hexane to give yellowish flakes of 9 in a yield of 77%. 
9: mp 55-56 "C; JB v 2230 cm-' (CN), no NH absorption; 'H NMR 
6 1.1-2.3 (m, 10 H), 7.48 (m, 3 H), 7.7 (m, 2 H). Anal. Calcd for 
C13H15N3: C, 73.21; H, 7.09; N, 19.70. Found: C, 73.42; H, 7.12; 
N, 19.70. 

Electrolysis of 10. Finely powdered 10 (10 mmol) was sus- 
pended in MeOH (80 mL) containing NaCN (30 mmol) and 
electrooxidized under a constant current of 0.3 A until 12 F/mol 
of current was passed. From the anolyte, white solid of 11 was 
obtained in a yield of 77%. 11 had mp 112-115 "C (lit.7 mp 
113-116 "C). The mixed melting point with authentic sample 
was undepressed. 

Electrolysis of 12 and 13. Analogously, the benzoylhydrazine 
(10 mmol) was electrooxidized in MeOH (80 mL) containing 
NaCN (30 mmol) under a constant current of 0.3 A. The resulting 
anolyte was analyzed by GLC (FFAP 2 m). 

Characterization of Starting Materials. Cyclohexanone 
benzoylhydrazone ( la):  needles from EtOH, mp 164-165 "C 
(lit.% mp 162-164 "C); IR v 3380 (NH), 1680 cm-' (CO); 'H NMR 
6 1.7 (br m, 6 H), 2.4 (br m, 4 H), 7.4 (m, 3 H), 7.8 (m, 2 H), 8.6 
(br s, 1 H). Anal. Calcd for Cl3Hl6NZ0: C, 72.19; H, 7.46; N, 
12.95. Found: C, 72.34; H, 7.67; N, 13.11. 

Cyclopentanone benzoylhydrazone (lb): rodlike crystals 
from EtOH, mp 149-151 "C (lit.25 mp 150-152 "C); IR v 3360 
(NH), 1680 cm-I (CO); 'H NMR 6 1.7-2.0 (m, 4 H), 2.3-2.7 (m, 
4 H), 7.4 (m, 3 H), 7.8 (m, 2 H),  8.6 (br s, 1 H). Anal. Calcd for 

124 (M+ + 1,4), 123 (M+, 2), 122 (M+ - 1,5), 55 (100). Anal. Calcd 

(24) In many cases, a small amount of dimethyl oxalimidate [mp 32-34 
O C ,  bp 44 "C (15 mm)] was formed. Probably, the byproduct was derived 
from dicyan by methanolysis. See: Nef, J. U. Justus Leibigs Ann. Chem. 
1895,287, 265. 

(25) Offe, H. A.; Siefken, W.; Domagk, G. Z. Nuturforsch. 1952, 7b, 
446. 
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(m, 4 H), 3.83 (9, 3 H), 7.7 (br s, 1 H). Anal. Calcd for C,H14N202: 
C, 53.14; H, 8.92; N, 17.71. Found: C, 53.22; H, 8.93; N, 17.68. 

2-Octanone carbomethoxyhydrazone (3f): needles from 
hexane, mp 59-61 "C; IR v 3370 (NH), 1740 cm-' (OCO); 'H NMR 
6 0.87 (distorted t ,  3 H), 1.1-1.6 (br m, 8 H), 1.82, 2.01 (9, s, total 
3 H), 2.18, 2.30 (t, t, total 2 H), 3.82 (s, 3 H), 7.75 (br s, 1 H). Anal. 
Calcd for CloHzoNzO2: C, 59.97; H, 10.07; N, 13.99. Found: C, 
60.03; H, 10.15; N, 14.06. 

4-Methyl-2-pentanone carbomethoxyhydrazone (3g): 
cottonlike crystals from cyclohexane, mp 75.5-76.5 "C; IR u 3380 
(NH), 1750, 1715 cm-' (OCO); 'H NMR 6 0.92,0.97 (d, d, J = 6.6 
and 5.9 Hz, total 6 H), 1.81, 2.02 (s, s, total 3 H), 2.09, 2.21 (d, 
d, J = 9.5 and 7.3 Hz, total 2 H), 1.9 (m, 1 H), 3.82 (s, 3 H), 7.7 
(br s, 1 H). Anal. Calcd for C8H16N202: c ,  55.79; H, 9.36; N, 
16.27. Found: C, 55.67; H, 9.43; N, 16.38. 

Cycloheptanone carbomethoxyhydrazone (3h): needles 
from cyclohexane, mp 78.5-79.5"C; IR Y 3380 (NH), 1750,1720 
cm-' (OCO); 'H NMR 6 1.60 (br m, 8 H), 2.30 (m, 2 H), 2.50 (m, 
2 H), 3.82 (s, 3 H), 7.8 (br s, 1 H). Anal. Calcd for CSHlsN2O2: 
C, 58.67; H, 8.75; N, 15.21. Found: C, 58.68; H, 8.79; N, 15.28. 

2-Methylcyclohexanone carbomethoxyhydrazone (3i): 
prisms from cyclohexane, mp 82-83 "C; IR Y 3380 (NH), 1750, 
1715 cm-' (OCO); 'H NMR 6 1.15, 1.17 (d, d, J = 7.3 Hz each, 
total 3 H), 1.3-1.9 (m, 6 H), 2.0-2.2 (m, ca. 0.7 H), 2.2-2.6 (m, 
2 H), 2.92 (br m, ca. 0.3 H), 3.82, 3.84 (9, s, total 3 H), 7.9 (br s, 
1 H). Anal. Calcd for C9H16N202: c, 58.67; H, 8.75; N, 15.21. 
Found: C, 58.65; H, 8.82; N, 15.29. 

4- tert -B ut y lc yclohexanone carbomet hoxy hy drazone (3 j ) : 
viscous oil (this could not be purified and was used in the next 
step as such); IR v 3380 (NH), 1745,1715 cm-' (OCO); 'H NMR 
6 0.88 (s, 9 H), 1.27 (m, 3 H), 1.7-2.4 (m complex, 4 H), 2.5-2.8 
(m, 2 H), 3.83 (s, 3 H), 8.0 (br s, 1 H). 

2-Norbornanone carbomethoxyhydrazone (3k): needles 
from cyclohexane, mp 95.5-97 "C; IR u 3375 (NH), 1745,1720 
cm-' (OCO); 'H NMR 6 1.2-1.75 (m, complex, 6 H), 1.84 (dd, J 
= 16.8, 2.9 Hz, 1 H), 2.11 (ddd, J = 16.1, 4.4, 1.5 Hz, 1 H), 2.61 
(br s, 1 H), 2.98 (br s, 1 H), 3.82 (s, 3 H), 7.42 (s, 1 H). Anal. Calcd 
for CSHl4NzO2: C, 59.32; H, 7.74; N, 15.37. Found: C, 59.39; H, 
7.70; N, 15.45. 

1-( l-Cyanocyclohexyl)-2-benzoylhydrazine (4a): rodlike 
crystals from MeOH-H20, mp 133-134 "C (lit.22 mp 131-132.5 
"C); IR Y 3400, 3250 (NH), 2220 vw (CN), 1660 cm-' (CO); 'H 
NMR 6 1.1-2.3 (m, 10 H), 4.1 (br s, 1 H), 7.4 (m, 3 H), 7.8 (m, 
3 H). Anal. Calcd for C14H17N30: C, 69.11; H, 7.04; N, 17.21. 
Found: C, 69.10; H, 7.07; N, 17.33. 

1-( l-Cyanocyclopentyl)-2-benzoylhydrazine (4b): needles 
from MeOH-H20, mp 127-128 "C; IR v 3340,3230 (NH), 2210 
(CN), 1655 cm-' (CO); 'H NMR 6 1.7-2.3 (m, 8 H), 4.3 (br s, 1 
H), 7.5 (m, 3 H), 7.8 (m, 3 H). Anal. Calcd for C13H15N30: C, 
68.10; H, 6.59; N, 18.33. Found: C, 68.29; H, 6.66; N, 18.33. 

1-( l-Cyanocyclohexyl)-2-acetylhydrazine (5a): rodlike 
crystals from MeOH-H20, mp 106-107.5 "C (lit.22 mp 101.5-103 
"C); IR u 3410,3270 (NH), 2220 (CN), 1690 cm-' (CO); 'H NMR 
6 1.1-1.9 (m, 8 H), 2.04 (9, 3 H), 2.1-2.2 (m, 2 H), 3.8 (br s, 1 H), 
7.1 (br s, 1 H). Anal. Calcd for CSHl5N30: C, 59.64; H, 8.34; N, 
23.19. Found: C, 59.77; H, 8.32; N, 23.22. 

1-( l-Cyanocyclopentyl)-2-acetylhydrazine (5b): needles 
from benzene, mp 106-107.5 "C; IR u 3420,3180 (NH), 2230 (CN), 
1695 cm-' (CO); 'H NMR 6 1.7-2.2, 2.03 (m, s, total 11 H), 4.8 
(br s, 1 H), 7.7 (br s, 1 H). Anal. Calcd for CBH13N30: C, 57.46; 
H, 7.84; N, 25.13. Found: C, 57.32; H, 7.61; N, 25.02. 

l-(l-Cyanocyclohexyl)-2-carbomethoxyhydrazine (sa): 
needles from MeOH-H20, mp 133-134 "C (lit.'lb mp 135-136 "C); 
IR u 3400 (NH), 2210 vw (CN), 1740 cm-' (OCO); 'H NMR 6 
1.1-2.2 (m, 10 H), 3.77 (s, 3 H), 4.34 (9, 1 H), 6.55 (9, 1 H). Anal. 
Calcd for CJI16N302: C, 54.80; H, 7.67; N, 21.31. Found C, 54.72; 
H, 7.66; N, 21.34. 

1-( 1-Cyanocyclopenty1)-2-carbomethoxyhydrazine (6b): 
needles from cyclohexane, mp 92.5-94 "C; IR u 3400 (NH), 2210 
(CN), 1740 cm-' (CO); 'H NMR 6 1.7-2.2 (m, 8 H), 3.76 ( e ,  3 H), 
4.10 (9, 1 H), 6.59 (5, 1 H). Anal. Calcd for C8H13N302: C, 52.44; 
H, 7.15; N, 22.94. Found: C, 52.59; H, 7.30; N, 23.08. 

1-[4-(4-Cyanohepty1)]-2-carbomethoxyhydrazine (6c): 
needles from cyclohexane, mp 51-53 "C; IR u 3400 (NH), 2210 
(CN), 1740 cm-' (OCO); 'H NMR 6 0.98 (t, 6 H), 1.4-1.8 (m, 8 
H), 3.78 (s, 3 H), 4.36 (s, 1 H), 6.43 (s, 1 H). Anal. Calcd for 

C12H14N20: C, 71.26; H, 6.98; N, 13.85. Found: C, 71.18; H, 7.04; 
N, 13.80. 

4-Heptanone benzoylhydrazone (IC): needles from cyclo- 
hexane, mp 106-108 "C; IR u 3380 (NH), 1680 cm-' (CO); 'H NMR 
6 1.02 (distorted t ,  6 H), 1.61 (distorted sext, 4 H), 2.32 (distorted 
q, 4 H), 7.44 (m, 3 H), 7.8 (m, 2 H), 8.85 (br s, 1 H). Anal. Calcd 
for C14H,N20: C, 72.38; H, 8.68; N, 12.06. Found C, 72.40; H, 
8.79; N, 11.95. 
2,4-Dimethyl-3-pentanone benzoylhydrazone (Id): cot- 

tonlike crystals from benzene, mp 150-151 "C; IR u 3450 (NH), 
1675 cm-' (CO); 'H NMR 6 1.21 (br m, 12 H), 2.6-2.8 (br m, 1 
H), 2.93 (m, 1 H), 7.43 (m, 3 H), 7.77 (m, 2 H), 8.85 (br s, 1 H). 
Anal. Calcd for C14HmN20: C, 72.38; H, 8.68; N, 12.06. Found: 
C, 72.43; H, 8.72; N, 11.96. 

3-Pentanone benzoylhydrazone (le): needles from MeOH- 
H20, mp 92-94 "C; IR u 3380 (NH), 1680 cm-' (CO); 'H NMR 
6 1.17 (t,  6 H), 2.38 (distorted q, 4 H), 7.47 (m, 3 H), 7.81 (m, 2 
H), 8.7 (br s, 1 H). Anal. Calcd for C12H16N20: C, 70.56; H, 7.90; 
N, 13.72. Found: C, 70.45; H, 7.92; N, 13.70. 

2-Octanone benzoylhydrazone (If): cottonlike crystals from 
hexane, mp 79.5-81 "C; IR u 3380 (NH), 1680 cm-' (CO); 'H NMR 
6 0.88 (distorted t, 3 H), 1.31 (br m, 6 H), 1.58 (br m, 2 H), 1.94, 
2.13 (s, s, total 3 H), 2.30, 2.42 (t, t, total 2 H), 7.48 (m, 3 H), 7.81 
(br m, 2 H), 8.6 (br s, 1 H). Anal. Calcd for Cl5HZ2N20: C, 73.13; 
H, 9.00; N, 11.37. Found: C, 73.09; H, 9.06; N, 11.47. 

4-Methyl-2-pentanone benzoylhydrazone (lg): leaflets from 
cyclohexane, mp 111-112 "C; IR u 3390 (NH), 1680 cm-' (CO); 
'H NMR 6 0.96, 1.00 (d, d, J = 6.6 and 5.8 Hz, total 6 H), 1.94, 
2.10 (s, s, total 3 H), 2.0-2.4 (m, 3 H), 7.45 (m, 3 H), 7.80 (m, 2 
H), 8.8 (br s, 1 H). Anal. Calcd for C13H18N20: C, 71.52; H, 8.31; 
N, 12.83. Found: C, 71.58; H, 8.38; N, 12.94. 

Cyclohexanone acetylhydrazone (2a): leaflets from cyclo- 
hexane, mp 126.5-127.5 "C; IR u 3350 (NH), 1660 cm-' (CO); 'H 
NMR 6 1.7 (br m, 6 H), 2.25, 2.3 (s, br m, total 7 H), 9.05 (br s, 
1 H). Anal. Calcd for C8H14N20: C, 62.30; H, 9.15; N, 18.17. 
Found: C, 62.39; H, 9.32; N, 18.18. 

Cyclopentanone acetylhydrazone (2b): needles from cy- 
clohexane, mp 124-125 "C; IR v 3350 (NH), 1660 cm-' (CO); 'H 
NMR 6 1.7-2.0 (m, 4 H), 2.24, 2.26 (5, t, total 5 H), 2.40 (t, 2 H), 
8.7 (br s, 1 H). Anal. Calcd for C7H12N20: C, 59.97; H, 8.63; N, 
19.99. Found: C, 60.06; H, 8.58; N, 19.92. 

4-Heptanone acetylhydrazone (2c): rodlike crystals from 
hexane, mp 39-40 "C; IR u 3340 (NH), 1660 cm-' (CO); 'H NMR 
6 0.96 (dt, J = 7.3, 6.6 Hz, 6 H), 1.4-1.7 (m, 4 H), 2.1-2.2 (m, 4 
H), 2.26 (9, 3 H), 8.7 (br s, 1 H). Anal. Calcd for C9Hl8N20: C, 
63.49; H, 10.66; N, 16.46. Found: C, 63.40; H, 10.63; N, 16.54. 
2,4-Dimethyl-3-pentanone acetylhydrazone (2d): leaflets 

from cyclohexane, mp 93-94.5 "C; IR u 3350 (NH), 1660 cm-' (CO); 
'H NMR 6 1.10 (dd, J = 7.3, 5.8 Hz, 12 H), 2.26 (s, 3 H), 2.62, 
2.81 (hept, hept, 1 H, 1 H), 8.7 (br s, 1 H). Anal. Calcd for 

N, 16.47. 
Cyclohexanone carbomethoxyhydrazone (3a): viscous oilk 

(this could not be purified and was used in the next step as such); 
IR u 3380 (NH), 1740 cm-' (OCO); 'H NMR 6 1.7 (br m, 6 H), 
2.2-2.5 (m, 4 H), 3.82 (9, 3 H), 8.2 (br s, 1 H). 

Cyclopentanone carbomethoxyhydrazone (3b): rodlike 
crystals from cyclohexane, mp 77-79 "C (lit.% mp 78-79 "C); IR 
u 3380 (NH), 1740 cm-' (OCO); 'H NMR 6 1.7-2.0 (m, 4 H), 2.22 
(t, 2 H), 2.47 (t, 2 H), 3.82 (s, 3 H), 7.7 (br s, 1 H). Anal. Calcd 
for C7Hl2N2O2: C, 53.83; H, 7.74; N, 17.94. Found: C, 53.78; H, 
7.82; N, 18.03. 

4-Heptanone carbomethoxyhydrazone (3c): needles from 
hexane, mp 88.5-90.5 "C; IR u 3380 (NH), 1740,1710 cm-' (OCO); 
'HNMR60.96(dt,J=7.3,11.7Hz,6H),1.4-1.7(m,4H),2.1-2.3 
(m, 4 H), 3.82 (s, 3 H), 8.0 (br s, 1 H). Anal. Calcd for CJI18N202: 
C, 58.03; H, 9.47; N, 15.04. Found: C, 57.87; H, 9.69; N, 15.14. 
2,4-Dimethyl-3-pentanone carbomet hoxyhydrazone (3d): 

cottonlike crystals from cyclohexane, mp 131-132 "C; IR u 3380 
(NH), 1740, 1710 cm-' (OCO); 'H NMR 6 1.14 (dd, J = 6.6, 5.8 
Hz, 12 H), 2.65 (hept, 1 H), 2.80 (hept, 1 H), 7.8 (br s, 1 H). Anal. 
Calcd for CJI1JV2O2: C, 58.03; H, 9.74; N, 15.04. Found C, 58.07; 
H, 9.72; N, 15.10. 

3-Pentanone carbomethoxyhydrazone (3e): needles from 
cyclohexane, mp 72-73 "C (lit.& mp 65-66 "C); IR u 3380 (NH), 
1745 cm-' (OCO); 'H NMR 6 1.11 (dt, J = 8.0,3.7 Hz, 6 H), 2.2-2.4 

CgH18Nz0: C, 63.49; H, 10.66; N, 16.46. Found: C, 63.47; H, 10.63; 
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C1,@1gN302: C, 56.31; H, 8.96; N, 19.70. Found: C, 56.43; H, 9.17; 
N, 19.60. 

1-[3-(3-Cyanopenty1)]-2-carbomethoxyhydrazine (6e): 
needles from cyclohexane, mp 89-91.5 "C; IR v 3400 (NH), 2210 
(CN), 1740 cm-' (OCO); 'H NMR 6 1.05 (t, 6 H), 1.74 (9, 4 H), 
3.75 (s, 3 H), 4.02 (s, 1 H), 6.35 (s, 1 H). Anal. Calcd for 
C8Hl6N3O2: C, 51.87; H, 8.16; N, 22.69. Found: C, 51.98; H, 8.11; 
N, 22.75. 

1-[2-(2-Cyanoocty1)]-2-carbomethoxyhydrazine (6f): 
leaflets from hexane, mp 45.5-47 "C; IR v 3400 (NH), 2210 (CN), 
1740 cm-' (OCO); 'H NMR 6 0.89 (distorted t, 3 H), 1.1-1.9, 1.44 
(m, s, total 13 H), 3.76 (s, 3 H), 4.0 (br s, 1 H), 6.4 (5, 1 H). Anal. 
Calcd for Cl1Hz1N3O2: C, 58.12; H, 9.31; N, 18.49. Found: C, 
58.06; H, 9.37; N, 18.61. 

1424 4-Methyl-2-cyanopentyl)]-2-carbomethoxyhydrazine 
(6g): cottonlike crystals from cyclohexane: mp 96-97 "C; IR v 
3400 (NH), 2210 (CN), 1740 cm-' (OCO); 'H NMR 6 1.06 (dd, J 
= 6.6, 2.9 Hz, 6 H), 1.47 (s, 3 H), 1.66 (dd, J = 8.8, 6.6 Hz, 2 H), 
1.9 (m, 1 H), 3.77 (9, 3 H), 4.19 (9, 1 H), 6.48 (9, 1 H). Anal. Calcd 
for C9H,7N302: C, 54.25; H, 8.60; N, 21.09. Found: C, 54.30; H, 
8.68; N, 21.20. 

1-( l-Cyanocycloheptyl)-2-carbomethoxyhydrazine (6h): 
needles from MeOH-H20, mp 117-119 "C; IR v 3410 (NH), 2210 
(CN), 1740 cm-' (OCO); 'H NMR 6 1.4-2.2 (m, 12 H), 3.7 (s, 4 
H), 6.41 (s, 1 H). Anal. Calcd for C10H17N302: C, 56.85; H, 8.11; 
N, 19.89. Found: C, 56.78; H, 8.11; N, 19.86. 

1 - ( 1 -Cy ano-%-met hylcyclohexyl)-2-carbomet hoxy hydrazine 
(6i): rodlike crystals from MeOH-H20, mp 139-140 "C (lit.11b 
mp 138 "C); IR v 3400 (NH), 2210 (CN), 1740 cm-' (OCO); 'H 
NMR 6 1.14 (d, J = 5.9 Hz, 3 H), 1.2-1.9 (m complex, 8 H), 2.20 
(dd, J = 9.5, 2.9 Hz, 1 H), 3.76 (9, 3 H), 4.0 (br s, 1 H), 6.25 (br 
s, 1 H). Anal. Calcd for C10H17N302: C, 56.85; H, 8.11; N, 19.89. 
Found: C, 56.85; H, 8.12; N, 19.73. 

1-( 1-Cyano-4-tert -butylcyclohexyl)-2-carbomethoxy- 
hydrazine (Si): needles from MeOH-H20, mp 137-138 "C (lit.11b 
mp 132-133.5 "C); IR v 3400 (NH), 2210 (CN), 1740 cm-' (OCO); 
'H NMR 6 0.88 (s, 9 H), 0.9-1.1 (m, 1 H), 1.42 (m, 4 H), 1.86 (br 

d, J = 13 Hz, 2 H), 2.16 (br d, J = 13 Hz, 2 H), 3.77 (s, 3 H), 3.8 
(br s, 1 H), 6.3 (br s, 1 H). Anal. Calcd for Cl3HDN3O2: C, 61.63; 
H, 9.15; N, 16.59. Found: C, 61.49; H, 9.25; N, 16.57. 

1-[ 24 2-Cyanonorbornyl)]-2-carbomethoxyhydrazine (6k): 
cubes from benzene, mp 125-126 "C; IR v 3400 (NH), 2210 (CN), 
1740 cm-' (OCO); lH NMR 6 1.2-1.7 (m complex, 5 H), 1.84 (d?, 
J = 11 Hz, 1 H), 1.9-2.2 (m complex, 2 H), 2.36 (br m, 1 H), 2.59 
(br m, 1 H), 3.76 (s, 3 H), 4.28 (br s, 1 H), 6.35 (br s, 1 H). Anal. 
Calcd for CloHI5N3O2: C, 57.40; H, 7.23; N, 20.08. Found: C, 
57.57; H, 7.25; N, 20.08. 

1-( l-Cyanohexyl)-2-phenylhydrazine (8): rhombs from 
MeOH, mp 101-103 "C; IR v 3300 (NH), 2220 (CN), 1600 cm-'; 
'H NMR 6 1.2-2.2 (m, 10 H), 4.5 (br s, 2 H), 6.8 (m, 3 H), 7.2 (m, 
2 H). Anal. Calcd for C13H17N3: C, 72.52; H, 7.96; N, 19.52. 
Found: C, 72.70; H, 7.92; N, 19.48. 
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Reactions of thionyl chloride-dimethylformamide reagent at 58 "C in deuteriochloroform with 1-triptycylcarbinol 
and ditriptycylcarbinol produced the sulfite ester and the interesting rearranged compound l-chloro-2-(1- 
triptycyl) tribenzobicyclo[ 3.2.2lnonatriene (a triptycyl-substituted homotriptycene), respectively. The mechanistic 
differences that occur after initial formation of chlorosulfite intermediates are discussed. Molecular mechanics 
calculations were used to explore the exothermicity of this and related rearrangements. 

We wish to report some interesting products from re- 
actions of 1-triptycylcarbinol (1) and ditriptycylcarbinol 
(2) with thionyl chloride-dimethylformamide reagent a t  
58 "C. Ditriptycyl compounds have been studied recently 
because of interest in "geared" systems,l and the rotational 
barriers for various triptycyl derivatives have been mea- 
sured and calculated.2 There have been several attempts 
to ring expand triptycylmethyl compounds3 t o  homo- 
triptycene derivatives. The use of very reactive interme- 
diates in these studies confirmed that bridgehead benzo- 
bicyclic carbinyl compounds were very resistant t o  solvo- 
lytic  reaction^.^ 

'Chemistry Department, Faculty of Science, University of Tokyo, 
Bunkyo-ku, Tokyo 113 Japan. 

Results and Discussion 
Our work began with an attempt to prepare di- 

triptycylmethyl chloride (3) from the known5 2. Initial 
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