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methods: RuXzPR3($-arene), ref 23; (RuCl,(norbornadiene)),, 
ref 27; RuClz(pyridine)z(norbornadiene), ref 25; RuH,(PP~,)~, ref 
21; R U ( ~ ~ - C ~ H ~ ) C I ( P P ~ ~ ) ~ ,  ref 22; [Ru(~~-C,H,)(~~~-C,H~],  ref 26; 
RU,(CO)~,, ref 28; H R u ~ ( C O ) ~ ~ , N E ~ ~ ,  ref 19; and RuCO(CO)&I- 
PPh,), ref 20. 
Addition to Terminal Alkynes. In a typical run, solvent (10 

mL), secondary amine (20 mmol), alkyne (10 mmol), and ru- 
thenium complex (0.2 mmol) were placed in a 125-mL stainless 
steel autoclave. Carbon dioxide was used first to flush out the 
reactor and then to pressurize it to the starting pressure (5 MPa). 
The reaction mixture was stirred at 100-140 "C for 20 h. After 
cooling, the autoclave was washed with solvent and the solution 
concentrated to about 10 mL. The enol carbamates were analyzed 
by VPC using hexamethylbenzene or triphenylmethane as internal 
standard. After elimination of the solvent, organic compounds 
(carbamates and enynes) were collected under reduced pressure. 
Thick layer chromatography of these products with a dichloro- 
methane-petroleum ether mixture (1/1) as eluent gave a good 
separation of the enol carbamates from the enynes. 

(2)-8-[(Diethylcarbamoyl)oxy]styrene (lA(a)): 'H NMR 
(c&& 300 MHz) 6 7.56 (d, 1, J = 7.5 Hz, =CHO), 7.4 (m, 5, Ph), 

= 7 Hz, CH,); IR (neat) v 1730 (C=O), 1660 (C=C) cm-'; MS 
m / z  219.126 (M'). 

(E)-&[ (Diethylcarbamoyl)oxy]styrene (2A(a)): 'H NMR 
(c&& 300 MHz) 6 8.16 (d, 1, J = 12.9 Hz, =CHO), 7.4 (m, 5, Ph), 

3, J = 7 Hz, CH,); IR (neat) v 1730 (C=O), 1660 (C=C) cm-'; 
MS m / z  219.126 (M'). 

(Z)-1-[(Diethylcarbamoyl)oxy]hex-l-ene (lA(b)): 'H NMR 

5.44 (d, 1, J = 7.5 Hz, =CHPh), 3.06 (4, 2, J = 7 Hz, NCHZ), 2.95 
(4, 2, J = 7 Hz, NCHZ), 0.90 (t, 3, J = 7 Hz, CH3), 0.84 (t, 3, J 

6.27 (d, 1, J = 12.9 Hz, =CHPh), 3.06 (4, 2, J = 7 Hz, NCHZ), 
2.95 (4, 2, J = 7 Hz, NCHZ), 0.90 (t, 3, J = 7 Hz, CH3), 0.84 (t, 

(C&, 100 MHz) 6 6.96 (d, 1, J = 6 Hz, =CHO), 4.74 (dt, 1, 
J C H ~ H  = 6 Hz, JCH&H = 6 Hz, CHCHZ), 3.33 (q,2, J = 7 Hz, 
NCH,, 2.13 (m, 2, CH,), 1.38 (m, 4, CH2), 1.18 (t, 6, J = 7 Hz, 
CH3CH2N), 0.90 (t, 3, J = 6 Hz, CH,(CH,),); IR (neat) v 1720 
(C=O), 1670 (C=C) cm-'; MS m / z  199.157 (M'). 
(E)-1-[ (Diet hylcarbamoyl)oxy]hex- l-ene (2A(b)): 'H NMR 

NCH2), 1.34 (m, 2, &z),l.20 (m, 4, CH2), 1.14 (t, 6, J = 6 Hz, 
CH3CH2N), 0.88 (t, 3, J = 6 Hz, CH3(CH,),); IR (neat) v 1720 
(C=O), 1675 (C=C) cm-'; MS m / t  199.157 (M'). 
(2)-&[(Dimethylcarbamoyl)oxy]styrene (lB(a)): 'H NMR 

(CDCl,, 100 MHz) 6 7.47 (d, 1, J = 8 Hz, =CHO), 7.2-7.35 (m, 

3, CH,); IR (neat) v 1730 (C=O), 1665 (C=C) cm-'; MS m / z  
191.095 (M'). 

(E)-&[(Dimethylcarbamoyl)oxy]styrene (2B(a)): 'H NMR 
(CDCl,, 100 MHz) 6 7.72 (d, 1, J = 13 Hz, =CHO), 7.20-7.35 (m, 

3, CH,); IR (neat) v 1730 (C=O), 1665 (C=C) cm-'; MS m / z  
191.095 (M'). 

(C&6, 100 MHz) 6 6.92 (d, 1, J = 14 Hz, =CHO), 5.22 (dt, 1, 
JCH-CH = 14 Hz, JcH H - 7 Hz, =CHCH2), 3.30 (q,4, J = 6 Hz, 

5, Ph), 5.55 (d, 1, J = 8 Hz, =CHPh), 3.07 (9, 3, CH3), 3.00 (9, 

5, Ph), 6.24 (d, 1, J = 13 Hz, =CHPh), 3.07 (s, 3, CH3), 3.00 (s, 

(2)-18-[(Piperidinocarbamoyl)oxy]styrene (lC(a)): 'H 
NMR (CDCl,, 100 MHz) 6 7.15-7.25 (m, 5, Ph), 7.15 (d, 1, J = 
9 Hz, =CHO), 5.48 (d, 1, J = 9 Hz, =CHPh), 3.51 (m, 4, CH,N), 
1.51 (m, 6, CH,); IR (neat) v 1725 (C=O), 1660 (C=C) cm-'; MS 
m / z  231.126 (M'). 

(Z)-&[ (Morpholinocarbamoyl)oxy]styrene (lD(a)): 'H 
NMR (CDCl,, 100 MHz) 6 7.2 (m, 5, Ph, =CHO masked), 5.55 
(d, l,J = 8 Hz,=CHPh), 3.62 (m, 4, OCH,), 1.24 (m, 4, NCH2); 
IR (neat) v 1725 (C=O), 1660 (C=C) cm-'; MS m / z  233.105 (M'). 

(Z)-@-[ (Methylbutylcarbamoyl)oxy]styrene (lE(a)): 'H 
NMR (CDC13, 300 MHz) 6 7.0-7.6 (m, 5, Ph), 7.6 (d, 1, J = 7 Hz, 
=CHO), 5.44 (d, 1, J = 7 Hz, =CHPh), 3.05 (t, 2, J = 7 Hz, 
NCH2), 2.49 (s, 3, NCH,), 1.30 (m, 4, CHJ, 0.79 (t, 3, J = 7 Hz, 
CH,); IR (neat) v 1725 (C=O), 1665 (C==C) cm-'; MS m / z  233.141 

(E)+- [  (Methylbutylcarbamoyl)oxy]styrene (2E(a)): 'H 

(m, 5, Ph), 6.31 (d, 1, J = 13 Hz, =CHPh), 2.89 (t, 2, J = 7 Hz, 
NCHJ, 2.49 (s, 3, CH,N), 1.3 (m, 4, CH2), 0.73 (t, 3, J = 7 Hz, 
CH,); IR (neat) v 1720 (M), 1660 (C=C) cm-'; MS m / z  233.141 
(M+). 
Addition to Acetylene. Secondary amine (100 mmol), ru- 

thenium complex (2 mmol), and acetonitrile (50 mL) were first 
placed in the autoclave. Acetylene (320 mmol) was dissolved in 
the solvent under atmospheric pressure after cooling the autoclave 
to -50 "C. An excess of acetylene in the ratio acetylene/amine 
of about 3 was necessary. The reactor was then stirred under COP 
pressure (1.5-2 MPa) at 80-100 "C for 20 h. The analysis of the 
reaction mixture was similar to that described above in the case 
of terminal alkynes. 

[ (Diethylcarbamoyl)oxy]ethylene (4A): 'H NMR (CDC13, 

Of'). 

NMR (CDC13,300 MHz) 6 8.20 (d, 1, J = 13 Hz, =CHO), 7.0-7.6 

100 MHz) 6 7.2 (dd, 1, Jci, = 6.5 Hz, Jb- = 15 Hz, ECHO), 4.70 
(d, 1, Jt,, = 15 Hz, =CH2), 4.40 (d, 1, Jci, = 6.5 Hz, =CH2), 3.3 
(q,4, J = 7 Hz, NCH2), 1.1 (t, 6, J = 7 Hz, CH,); IR (neat) v 1720 
(C=O), 1650 (C=C) cm-'. 

[ (Piperidinocarbamoyl)oxy]ethylene (4C): 'H NMR 
(CDC13, 100 MHz) 6 7.27 (dd, 1, Jcia = 6.5 Hz, Jt,,. = 15 Hz, 
=CHO), 4.76 (d, 1, Jtr,, = 15 Hz, =CH2), 4.44 (d, 1, Jcis = 6.5 
Hz, =CH2), 3.47 (m, 4, CH2N), 1.60 (m, 6, CH,); IR (neat) v 1715 
(C=O), 1650 (C=C) cm-'. 

[ (Morpholinocarbamoyl)oxy]ethylene (4D): 'H NMR 
(CC14, 100 MHz) 6 7.21 (dd, 1, Jds = 6.5 Hz, J- = 15 Hz, ==CHO), 

3.55 (m, 8, CH2); IR (neat) v 1720 (C=O), 1640 (C=C) cm-'. 
[ (Pyrrolidinocarbamoyl)oxy]ethylene (4F): 'H NMR 

4.72 (d, 1, Jb, = 15 Hz, =CH2), 4.42 (d, 1, Jk = 6.5 Hz,=CH2), 

(CDCl,, 100 MHz) 6 7.20 (dd, 1, Jh = 6 Hz, J- = 14 Hz, =CHO), 
4.70 (d, 1, Jt,,, = 14 Hz, =CH2), 4.33 (d, 1, Jci, = 6 Hz, =CH2), 
3.37 (m, 4, CH2N), 1.80 (m, 4, CH&; IR (neat) v 1720 (C=O), 1640 
(C=C) cm-'. 
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N-(0-Halogenated benzy1idene)cyclohexylamines 2 were successfully reacted with reducing and nonreducing 
Grignard reagents in a transition metal catalyzed cross-coupling reaction resulting in an efficient single-step synthesis 
of ortho-substituted benzaldehydes after acidic workup. The dihalogenated benzylidene amines reacted re- 
gioselectively at the imine-activated ortho position to yield ortho-substituted halogenated benzaldehydes. 

Although various synthesis of aromatic aldehydes have 
been reported? none filled our particular requirements for 
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an efficient synthesis of an ortho-substituted benzaldehyde 
intermediate in the synthesis of a pharmacologically active 

0 1989 American Chemical Society 



1524 J .  Org. Chem., Vol. 54, No. 7, 1989 Pridgen et al. 

Table I. Nickel and Iron Acetylacetonoate Catalyzed Cross-Coupling Reaction of Grignard Reagents to N - ( o  -Halogenated 
benzy1idene)cyclohexylamine 2 

entry 3 (Y = Z = H),  R = 70 yield" M S  m J e  IR, cm-' 'H N M R  (CDCl,), 6 

1 a: CHzTMS 90 calcd forCllHI60Si (M+) 1700 10.2 (s, 1 H),  7.8-6.9 (m, 4 H), 2.6 (s, 2 H) ,  

2 b: P h  92b 182 1700 10.0 (s, 1 H), 8.1-7.3 (m,  9 H) 
3 C: CHzPh 52 calcd for C14H120 (M+) 1700 10.1 (s, 1 H), 8.7-6.8 (m,  9 H), 4.3 (s, 2 H )  

4 d: CH, 77b 120 1700 10.2 (s, 1 H) ,  7.8-7.0 (m, 4 H) ,  2.6 (s, 3 H )  
5 e: n-C,H9 85bbc 162 1700 10.3 (s, 1 H) ,  8.0-7.1 (m, 4 H ) ,  3.0 (t,  2 H ) ,  

6 f CH=CH2 36d (40)' calcd for C9H80 (M') 1700 10.3 (s, 1 H), 7.9-7.1 (m, 4 H) ,  5.3-5.8 

7 g: m-CH, nr 
8 h: C e C P h  nr 
9 i:f CHzTMS 91 calcd for C1lH,,CIOSi (M+) 1680 10.0 (s, 1 H),  7.7-6.9 (m, 3 H) ,  2.7 (s, 9 H )  

10 j:f CH, 61  calcd for C8H7C10 (M+) 1680 10.15, (s, 1 H) ,  7.8-7.1 (m, 3 H), 2.6 (s, 3 H )  

"Yields are unoptimized isolated yields. Ni(AcAc), was used as  catalyst (-4 mol YO) except where noted. The  ratio of materials employed 
was chloro imine/Grignard/catalyst (1.0/1.4/0.04). Compared to an authentic sample synthesized by reported methods or commercially 
obtained. cFe(AcAc)3 was used as catalyst. dRepresents a 6:l ratio of 3f and benzaldehyde obtained with 4 mol YO of 1:l cuprous cyanide, 
Ni(AcAc)z, and 3 equiv of vinyl Grignard. eRepresents a 1 .21  ratio of 3f and benzaldehyde obtained with 8 mol ?& of 1:l CuCN, Ni(AcAc)2, 
and 3 equiv of vinyl Grignard. f 3  (Y = C1, Z = H).  

192.0970, found m / e  192.0965 0.0 (s, 9 H )  

196.0888, found m / e  196.081 

2.0-0.7 (m,  7 H )  

(m, 3 HI 132.0575, found m / e  132.0575 

226.0580, found m / e  226.0580 

154.0185, found m / e  154.079 

Scheme I 

n m 

Scheme I1 

i RLi(MgX) 

I '  
l a  X,=Br Y=Z=H 2a. Y=Z=H, XI& 3(a-j, Table I! 

b. X.=CI Y=Z=H XZ=&=%Hir 
b, Y=Z=H, X1=Br c X1=Y=CI, Z=H 

c. Y=Z=H. X&r d X,=Y=H,Z=CI 
X2=&=b- (CHh0 

XFQ=N<CH~N- 
CH3 CH3 

d Y=XI=CI, Z=H 

e, Y=X,.CI. Z=H 

1. Y=Xj=CI, Z=H 

X,=&G=oti 

X>=&=b-(CHA& 

compound. This laboratory required kilogram quantities 
of such an aldehyde and devoted considerable attention 
to this issue. Currently, the most general and chemically 
expedient approach to these aldehydes utilizes the chem- 
istry developed in the Meyer's laboratory wherein a nu- 
cleophilic organometallic reagent displaces the activated 
methoxy of a 2-(o-methoxyphenyl)-4,4-dimethyl-2-oxazo- 
line.3 However, because several steps, albeit simple ones, 

(1) (a) Temple University undergradute co-op student, 1985-1986. (b) 

(2) Wade, L. G. Compendium of Organic Synthetic Methods; Wiley: 
Drexel University undergraduate co-op student, 1986-1988. 

New York, 1971-1984; Vol. 1-5. 

are involved in carrying out this sequence, our effort fo- 
cused on developing a simpler alternative strategy. 

It appeared to us that a most desirable approach would 
start with a halogenated aryl aldehyde and be comprised 
simply of three steps: aldehyde protection, halogen re- 
placement by the desired substituent, and deprotection. 
In a practical sense, these steps should not require re- 
frigeration below -40 "C. Simple ortho metalation or metal 
halogen exchange on the suitably protected aldehyde (or 
its "equivalent") followed by electrophilic trapping would 
in many cases be sufficient. However, such an approach 
is only suitable for aliphatic electrophiles or certain other 
highly electropositive fun~t iona l i t i es ,~*~ more often than 
not a t  low temperatures (<-40 "C). 

The literature contains many examples of the reactivity 
of cyclopalladation products derived from 2-aryl imines 
and amines with palladium salts. These resulting g-bonded 
aromatic palladium complexes may be reacted with other 
organometallic compounds, acetylenes, and olefins to yield 
2-substituted imines, amines, and heterocycles. Unfortu- 
nately a stoichiometric quantity of palladium is required.6 

(3) See: Reuman, M.; Meyers, A. I. Tetrahedron 1985,41, 837 for an 
up-to-date review on the synthetic utility of oxazolines in aromatic sub- 
stitution. 

(4) (a) Ziegler, F. E.; Fowler, K. W. J .  Org. Chem. 1976, 41, 1564. (b) 
Plaumann, H. P.; Keay, B. A,; Rodrigo, R. Tetrahedron Lett. 1979,4921. 
(c) Harris, T. D.; Roth, G. P. J .  Org. Chem. 1979,44, 2004. (d) Meyers, 
A. I.; Himmelsbach, R. J.; Reuman, M. J.  Org. Chem. 1983,48,4053 and 
references therein. (e) Meyers, A. I.; Hoyer, D. Tetrahedron Lett. 1984, 
25, 3667. (f)  Comins, D. L.; Brown, J .  D.; Mantlo, N. B. Tetrahedron 
Lett. 1982,23, 3979. (g) Comins, D. L.; Brown, J. D. J .  Org. Chem. 1984, 
49, 1078. 

(5) Pridgen, L. N. J .  Org. Chem. 1982,47,4319 and references therein. 
(6) (a) Tsuji, J .  J .  Chem. Res. 1969, 2, 144. (b) Onoue, H.; Moritani, 

I. J .  Orgonomet. Chem. 1972, 43, 431. ( c )  Murahaski, S.-I.; Tanba, Y.; 
Yamamura, M.; Moritani, I. Tetrahedron Lett. 1974, 3749. (d) Julia, M.; 
Duteil, M.; Lallemand, J. Y. J .  Organomet. Chem. 1975, 202, 239. (e) 
Holton, R. A. Tetrahedron Lett. 1977, 355. (f) Holton, R. A.; Kjonaas, 
R. A. J .  Organomet. Chem. 1977, 233, C-5. (g) Izumi, T.; Endo, K.; Saito, 
0.; Shimizu, I.; Maemura, M.; Kasahara, A. Bull. Chem. SOC. Jpn. 1978, 
51,663. (h) Murahashi, &-I.; Tanba, Y.; Yamamura, M.; Yoshimura, N. 
J .  Org. Chem. 1978,43, 4099. (i) Kamiyama, S.-I.; Kimura, T.; Kasahara, 
T.; Izumi, T.; Maemura, M. Bull. Chem. SOC. Jpn. 1979, 52, 142. 
Kasahara, T.; Izumi, T.; Watabe, H. Ibid. 1979,52,957. (k) Chao, C. H.; 
Hart, D. W.; Bau, R.; Heck, R. F. J .  Organomet. Chem. 1979, 179, 301. 
(1) Sokolov, V. I.; Troitskaya, L. L.; Reutov, 0. A. Ibid. 1979, 182, 537. 
(m) Omae, I. J.  Chem. Reu. 1979, 79,287. (n) Ryabov, A. D.; Yatsimirsky, 
A. K Tetrahedron Lett. 1980, 2757. (0) Iida, H.; Yoshifumi, Y.; Kiba- 
yashi, C. J .  Org. Chem. 1980,45, 2938. (p) Girling, I. R.; Widdowson, D. 
A. Tetrahedron Lett. 1982, 23, 1957. (g) Girling, I. R.; Widdowson, D. 
A. Ibrd. 1982, 23, 4281. (h) Guangzhong, W.; Greil, S.; Rheingold, A.; 
Heck, R. J .  Org. Chem. 1988, 53, 3238. 



Synthesis of Ortho-Substituted Aryl Aldehydes 

It occurred to us that these cyclopalladated or any other 
cyclometalated complexes would also be intermediates in 
a cross-coupling reaction between an organometallic and 
a 2-halogenated aryl imine catalyzed by a transition metal 
(Scheme I). However, the literature also reports that  
imines are generally too reactive to serve as protecting 
groups.' In fact we have found only a limited application 
of their use in a transition metal catalyzed cross-coupling 
reaction, the Ullman reaction.8 We nevertheless decided 
to explore the tolerance of imines in a transition metal 
catalyzed cross-coupling reaction with Grignards since their 
ease of synthesis and hydrolysis would satisfy our criteria 
for the most desirable approach to ortho-substituted aryl 
aldehydes. 

We found N-(0-halogenated benzy1idene)cyclohexyl- 
amines 2a and 2f to be highly reactive in cross-coupling 
with Grignard reagents at ambient temperature in the 
presence of ~4 mol % anhydrous nickel acetylacetonoate 
[N~(ACAC),].~ After the reaction mixture was quenched 
with 10% HC1 or chromatographed over silica gel, the 
ortho-substituted aryl aldehyde was obtained in usually 
good to excellent yields (Table I, Scheme 11). Alterna- 
tively, the precursor imine may be isolated directly by 
quenching the reaction mixture with only water. In this 
report our yields are based on conversion of the halogen- 
ated imine to the ortho-substituted aryl aldehyde. 

Nonreducing Grignards, i.e., those that do not possess 
@-hydrogens, are most suitable in this coupling reaction. 
For Ni(AcAc),-catalyzed cases involving reducing Grig- 
nards, imine reduction products predominated. For ex- 
ample, reaction of ethyl Grignard with N-(0-chloro- 
benzy1idene)cyclohexylamine (2a) gave a mixture of 80.4% 
N-[(o-ethylphenyl)methyl]cyclohexylamine (4), 18.9% 
N-(phenylmethy1)cyclohexylamine (5), and 0.7% unknown 
material as determined by GC/MS. This result was not 
entirely unexpected since the reduction of imines by Ni- 
(0)-catalyzed Grignard cross-coupling reactions has been 
reported, as well as the propensity of nickel and palladium 
to facilitate @-hydride elimination of aliphatic Grignards.'O 
However, by changing catalyst to iron acetylacetonoate 
[Fe(A~Ac)~] , l l  we obtained a much better improved yield 
for the coupling reaction. Now reaction of ethyl Grignard 
with 2a  gave 61.2% of the desired N-(0-ethyl- 
benzy1idene)cyclohexylamine (6), 22.8% of 4, and 16% of 
several dehalogenated products. n-Butyl Grignard was 
better yet (entry 5), yielding 85 % o-n-butylbenzaldehyde 
and 8% benzaldehyde on acidic hydrolysis. 

Without a catalyst the cross-coupling reaction did not 
occur, and both starting materials were returned. A variety 
of palladium catalysts were tried but were found to be 
much less effective in this system, yielding only about 4% 
product under the standard reaction conditions. All at-  
tempts to cross-couple acetylenic Grignards to 2a were 
unsuccessful even though a variety of other substrates have 
been previously used satisfactorily with such Grignards.', 
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Allyl Grignards under a variety of conditions with 2a would 
only give N-[ l-(2-propenyl)-l-(o-chlorophenyl)methyl]- 
cyclohexylamine (7) without any detection of cross-coupled 
material.13 With 2c, starting material was returned. Vinyl 
Grignard was cross-coupled in 40% yield with 2a but only 
after use of a 1:l  combination of CuCN and Ni(AcAc),.14 
The major byproduct in this case was benzaldehyde, re- 
sulting from dechlorination of 2a. tert-Butyl Grignard was 
ineffective in this coupling reaction, even after employing 
the Bell cross-coupling  condition^.'^" 

Some other suitable protecting groups, primarily because 
of their stability and ease of hydrolysis, for this reaction 
were the 1,3-dioxanyl2b and N,N-dimethyl-1,2-dihydro- 
diazolinyl ( ~ c ) ~ c  moieties.15 However, only the imine 
group facilitated cross-coupling in the dihalogenated 
series (entries 9 and lo),  reacting regioselectively a t  the 
ortho position. The diethoxy acetal 2d and 1,3-dioxanyl 
2e protected dichloroaldehydes returned starting material. 
Undoubtedly, the inductive and/or chelating abilities of 
the imine group plays a major role in activating the ortho 
halogen toward cross-coupling. This conclusion is further 
substantiated by the failure of 2g, the meta analogue of 
2a, to react with either the highly reactive methyl or 
(trimethylsily1)methyl Grignard. 

Thus with the high yield obtained for the Grignard 
cross-coupling of the ortho-halogenated benzylidene imines 
in Table I, we have demonstrated how our procedure is 
complementary to existing synthesis methods for ortho- 
substituted aromatic aldehydes., Additionally, we have 
also shown how the imine group is not only tolerant to 
but imparts exceptional reactivity toward Grignard 
cross-coupling of a n  adjacent halogen. This regioselec- 
tivity should prove to be a useful tool in developing other 
synthesis strategies. 

Exper imenta l  Section 
All commercially obtained solvents and reagents were used 

without further purification. Tetrahydrofuran (THF) was distilled 
from sodium benzophenone ketyl under a nitrogen atmosphere. 
Flash chromatography was done on "Baker silica gel for flash 
columns" (-40 wm average particle diameter). Gas chromatog- 
raphy (GC) was performed on a Carlo-Erba capillary gas chro- 
matograph Model FV4160-2 with use of a DB-1, 15 m X 0.252 
mm capillary column. GC/MS were conducted on either a 
HP5790A with a maSS selector detector with a DB-1 (30 m X 0.252 
mm) column or a Finnigan-MAT Model 4610 quadrupole GC/MS 
using a 15 m X 0.25 mm DB-17 column. 

IR spectra were taken on a Perkin-Elmer 283 instrument. 
High-resolution mass spectra were measured on a Varian MAT- 
CH5 double-focusing spectrometer. 'H NMR spectra were taken 
on a Varian EM-360L with MelSi as internal standard. 

All metal catalysts used in this study were purchased from 
Strem Chemicals, Inc. 

Starting Materials. The halogenated aldehydes: o-bromo- 
benzaldehyde ( la) ,  o-chlorobenzaldehyde ( lb) ,  2,4-dichloro- 
benzaldehyde (IC), and m-chlorobenzaldehyde (la) were pur- 
chased from Aldrich. Aldehyde l were all converted to their 
respective protecting groups by known literature methods.'," 

General Procedure for Cross-Coupling Grignard Reagents 
to N-(0-Halogenated benzy1idene)cyclohexylamines (Table 

(7) Greene, T. W. Protectiue Groups in Organic Synthesis; Wiley: 
New York, 1971; Chapter 4. 

(8) (a) Ziegler, F. E.; Fowler, K. W.; Kanfer, S. J. Am. Chem. SOC. 1976, 
98,8282. (b) Kende, A. S.; Curran, D. P. J. Am. Chem. SOC. 1979,101, 
1857. (c) Wehman, E.; Gerard, V. K.; Jastrzebski, J.; Rotteveel, M.; Stam, 
C. Organometallics 1988, 7, 1477. (d) Ziegler, F. E.; Fowler, W. B.; 
Rodgers, W. B.; Wester, R. T. Org, Synth. 1987, 65, 108. 

(9) Clough, R. L.; Mison, P.; Roberts, J. D. J. Org. Chem. 1976, 41, 
2252. 

(10) (a) Felkin, H.; Swierczewski, G. Tetrahedron 1975,31,2735. (b) 
Hayashi, T.; Konishi, M.; Kobori, Y.; Kumada, M.; Higuchi, T.; Hirotusu, 
K. J. Am. Chem. SOC. 1984, 106, 158. (c) Zhang, Y. M.; Jiang, J. L. 
Huarue Xuebao 1987. 45. 103. 

(11) Fiandanese, V.: Miccoli, G.; Naso, F.; Ronzini, L. J. Organomet. 
Chem. 1986,312, 343. 

(12) Yamanaka, H.; Shiraiwa, M.; Edo, K.; Sakamoto, T. Chem. 
Pharm. Bull. 1979, 27, 270 and references therein. 

(13) In a relevant article that may provide some insight into the re- 
activity of single-electron addition pathways, Torii has just reported a 
Pb(0)-catalyzed 1,2-addition of allyl bromide in high yields to aryl imines: 
Tanaka, H.; Yamashita, S.; Ikemoto, Y.; Torii, S. Chem. Lett. 1987,673. 

(14) (a) Bell, T. W.; Hu, L.-Y.; Patel, S. V. J. Org. Chem. 1987, 52, 
3847. (b) Weiberth, F. J.; Hall, S. S. Ibid. 1987, 52, 3901. 

(15) Halogenated aryl dithioacetals have just recently been shown to 
react with (trimethylsily1)methyl Grignard in the presence of Ni(0) under 
refluxing conditions at  both the halogen and sulfur containing carbons 
to yield [(trimethylsilyl)methyl]arylvinylsilanes (Ni, Z.J. ;  Luh, T.-Y. J. 
Org. Chem. 1988, 53, 2129). 
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I) .  An oven-heated 100-mL three-necked flask containing a 
magnetic stirring bar was fitted with gas inlet and outlet tubes 
(the outlet connected to a gas bubbler containing silicon oil) and 
then was swept with nitrogen. After the apparatus cooled, 40 mL 
of THF per gram of protected aldehyde along with 2-8 mol % 
of catalyst (-40 mg per gram of substrate) was added. The flask 
was then fitted with a neoprene septum, and the Grignard reagent 
(1.4 equiv) was added at 0 OC (73 "C for Fe(A~Ac)~-catalyzed 
examples). The reaction mixture was stirred at  ambient tem- 
perature under nitrogen for 16 h and then poured onto 50 mL 
of 10% hydrochloric acid. If isolation of the imine is desired, the 
reaction should be poured onto water only. The organic layer 
was removed, and the aqueous layer was extracted several times 

with ether. The combined and dried (MgS04) ether layers were 
concentrated to an oil, which may be further purified by radial 
or flash chromatography. 
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Cerium(1V) in aqueous methanesulfonic acid is an excellent reagent for the oxidation of alkyl aromatics and 
polycyclic aromatics to aldehydes, ketones, and quinones. The benefits of methanesulfonic acid include low cost, 
low nucleophilicity, stability to anodic and electrochemical oxidation, and high solubility of Ce(II1) and Ce(1V) 
in aqueous solutions of this acid. The properties of this medium are ideal for electrochemical regeneration, giving 
current efficiencies up to 89% at 500 mA/cm2. With this system, enhanced yields of menadione were obtained 
by adding Cr(V1). A new solid oxidant, Ce(CH3S03)2(0H)2.H20, was produced electrochemically, providing a 
convenient starting material for these oxidations. Improved selectivity was obtained in the synthesis of m- 
phenoxybenzaldehyde by using this solid material in place of soluble Ce(1V). 

Aromatic aldehydes, ketones, and quinones are impor- 
tant chemicals, with applications such as chemical inter- 
mediates, pharmaceuticals, agricultural chemicals, pulp 
and paper chemicals, dyestuffs, and flavor and fragrance 
materials. The preparation of these partially oxidized 
chemicals has generally relied on the high selectivity of 
transition metal oxidants such as chromium(VI),' man- 
ganese(III),2 ~ o b a l t ( I I I ) , ~  and ~ e r i u m ( I V ) . ~ * ~  The stoi- 
chiometric use and disposal of these reagents is undesirable 
from economic and environmental viewpoints. As a result, 
there has been much recent interest in the electrochemical 
recycle of these oxidantsa6 

Mediated, or indirect, electrosynthesis is a cyclic process 
involving electrochemical generation of a redox agent and 
use of that  agent to effect a chemical reaction. Figure 1 
shows the general scheme. A redox agent such as Ce(IV), 
generated in an electrochemical cell, is contacted with 
reactant in a conventional chemical reactor to form a 
product. The spent redox agent is separated from the 
product and returned to the electrochemical cells. Car- 
rying out the chemical reaction and electrochemical re- 
action in separate vessels allows each reaction to be in- 
dependently optimized. Pichaichanarong et  al. have re- 
cently reviewed engineering aspects of mediated electro- 
synthesis.' 
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Of the above metal oxidants, chromium(V1) is the most 
soluble and has the lowest reduction potential and is thus 
the easiest to regenerate electrochemically. On the other 
hand, Cr(V1) generally gives the lowest selectivities in the 
organic oxidations of interest.%" The manganic ion gives 
good selectivities but is unstable toward disproportiona- 
tion, except a t  very high acid concentrations where both 
Mn(II1) and Mn(I1) have low solubilities.1°J2 The pow- 
erful Co(II1) ion is also unstable, due to water ~ x i d a t i o n . ~  
Cerium(1V) is generally the reagent of choice due to its 
higher stability and solubility a t  acid concentrations, which 
yield excellent selectivities to aromatic carbonyl prod- 
ucts.4-" 

The usefulness of cerium(IV), particularly in indirect 
electrochemical oxidations, has been limited by the coun- 
teranions. Problems include instability toward oxidation 
(e.g., benzene~ulfonate '~ and chloride14), reactivity with 
organic substrates (e.g., nitrate,15 chloride,14 and per- 
chlorate16), or marginal solubility (e.g., sulfate,17 acetate,18 
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