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with methylene chloride; the methylene chloride solution 
is washed repeatedly with dilute aqueous NaCl and then 
dried (MgSO,). The solvent is removed under reduced 
pressure, and the residual oil on Kugelrohr distillation at  
70 O C  (0.005 mm) gives 0.466 g (95% yield) of pure 2.25 

A 60% oil dispersion of NaH20 (0.100 g, 2.5 mmol) is 
washed with pentane, and the oil-free hydride is trans- 
ferred to a nitrogen-filled flask with the aid of 10 mL of 
tert-butyl alcohol. The mixture is stirred for 10 min under 
N2, and then a solution of nitro ester 2 (0.245 g, 1 mmol) 
in 10 mL of tert-butyl alcohol is added. One minute later, 
200 mL of ice-cold ~ e n t a n e ~ ~ s ~ '  is added, and this is fol- 
lowed at  once by 25 g of ice and an ice-cold solution of 
KMn04 (0.115 g, 0.73 "01, 110% of the required amount) 
in 40 mL of water. The resulting mixture is stirred vig- 
orously for 10 min, and then 1 mL (1 mmol) of 1 M sodium 
metabisulfite is added; this is followed by 2 mL (2 mmol) 
of 1 M H2S04 whereupon the brown mixture is rapidly 
decolorized. The pentane phase is isolated, and the 
aqueous layer is extracted with more pentane. The com- 
bined pentane solutions are washed thoroughly with ice- 
cold water and dried (MgSO,) under N2. Removal of the 
pentane under N?* gives 0.195 g (91% yield) of 
colorless aldehyde 3.29 

There are well-defined methods for converting CH2N02 
into a variety of other functions, e.g., COOH, CN, and 
CH2NH2, and, consequently, quaternary carbon com- 
pounds with a wide range of functions now become readily 
available. And if, as Seems quite possible, the replacement 
of tertiary nitro groups by the anions of higher primary 
nitroparaffins proves feasible, this will provide a further 
demonstration of the synthetic utility of electron-transfer 
substitution reactions. 
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(25) Satisfactory elemental analyses and NMR spectra were obtained 
for all new compounds. 

(26) Pentane usually contains small amo*mta of impurities which 
KMnO, oxidizes to compounds that are not easily separated from low- 
boiling aldehydes. The pentane is purified by being stirred with con- 
centrated H 8 O I  containing NazCrzO, at 25 OC; cooling may be necessary. 
This is followed by distillation from CaH* 

(27) When, as in several of our cases, the aldehyde is not soluble in 
pentane, ethyl acetate is substituted for pentane. 

(28) There are indications that the aldehydes of Table I1 are rather 
sensitive to oxygen. They are stable for at least 1 week under Nz at -78 
"C. 

(29) For some of the aldehydes passage through a short column of 
silica gel was required to give a pure product. 
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Coupling Reactions of Vinylmagnesium Bromide 
with Imidoyl Chlorides and with Amides. Synthesis 
of Enol Imines, y,HJnsaturated Ketones, and 
Ketimines 
Summary: Vinylmagnesium bromide undergoes successive 
addition to imidoyl chlorides and to amides to give un- 
saturated ketones, imines, enol imines, or enamines, de- 
pending on the reaction conditions. 

Sir: One of us has recently described several coupling 
reactions of imidoyl chlorides with transition-metal or- 
ganometallics resulting in the formation of mesoionic 
compounds2 and 1,4diaza-l,3-butadienes.3 Related to the 
latter are l-aza-1,3-butadienes, substituted derivatives of 
which can be generated by treatment of alkenylmagnesium 
halides with imidoyl  chloride^.^ We expected the very 
reactive alkenyl Grignard vinylmagnesium bromide to 
undergo successive additions to an imidoyl chloride to 
produce a metallo enamine, which could be intercepted by 
reaction with appropriate acylating and alkylating reag- 
ents. Some elegant synthetic applications of metallo en- 
amines have recently been des~ribed.~ We now report that 
imidoyl chloride (and amide)-vinylmagnesium bromide 
reactions provide an entry into a variety of useful organic 
compounds. The observation of an unusual N-alkylation 
of a metallo enamine is also described. 

Treatment of 1 (R = Ph, R' = p-ClCGH4) with 2 equiv 
of vinylmagnesium bromide in tetrahydrofuran (THF) for 
30 min at  room temperature affords the y,b-unsaturated 
imine 2 in 75% yield (eq 1). Reaction workup by chro- 
c i  

I THF RC=NR' + CH2=CHMgBr 

1 
CHzCH,CH=CHz CHzCHzCH=CHz 

(1) 

matography on silica gel or acidic alumina gave the un- 
saturated ketone 1-phenyl-4-penten-1-one (3, R = Ph) in 
70-75% yield. Compounds 2 and 3 (R = p-BrC6H4, p -  
ClCJ-I,; R' = Ph, p-C1C&14) were similarly obtained m very 
good yields (80-86%, Table I). Repetition of these ex- 
periments in the presence of catalytic amounts of tetra- 
kis(tripheny1phosphie)palladium resulted in little change 
in product yields. 

I - RC=O 
I 

RC=NR' 

2 3 

(1) E. W. R. Steacie Fellow, 1980-1982. 
(2) Alper, H.; Tanaka, M. J.  Am. Chem. SOC. 1979, 101, 4245. 
(3) Alper, H.; Tanaka, M.; Hachem, K. J. Organomet. Chem. 1980, 

190,95. 
(4) Normant, H.; Martin, G. Bull. SOC. Chim. Fr. 1957,429. 
(5) See: Martin, S. F.; Phillips, G. W.; Puckette, T. A.; Colapret, J. 

A. J. Am. Chem. SOC. 1980, 102, 5866 and references cited therein. 
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(m, 5 H, Ph) 

2.32 (m, 2 H, CH,CN), 2.70 (m,  2 H, 
CH,CH=CH,L 4.70-6.00 (m. 3 H. 
olefinic), 6.6l7.8 (m, 8 H; aromat- 
ic 

2.51 (m, 2 H, CH,CH=CH,), 3.00 ( t ,  
2 H, J = 7 Hz, CH,CO), 4.80-6.00 
(m, 3 H, olefinic protons), 7.50 
(m, 3 H, meta and para protons), 
7.98 (m, 2 H, or tho protons) 

2.50 (m, 2 H, CH,CH=CH,), 3.03 (t,  
2 H, J = 6 Hz, CH,CO), 4.70-6.00 
(m,  3 H, olefinic), 7.60 (d, 2 H, J = 
8 Hz, protons or tho t o  bromine 
substituted carbon), 7.83 (d, 2 H, 
protons or tho t o  carbonyl) 

2.28 (m, 2 H, CH,CH=CH,), 2.79 ( t ,  

(m, 3 H, olefinic protons), 7.46 (d ,  
2 H, J = 8 Hz, protons or tho t o  
Cl), 7.97 (d, 2 H, protons ortho to 

2.92 (m,  2 H, CH,), 4.66-5.90 (m, 3 
H, olefinic protons), 6.60 (d ,  2 H,  
J = 8 Hz, protons or tho to N sub- 
stituent), 7.05 (d, 2 H, protons 
meta to N substituent), 7.43 (m, 
10 H, Ph groups), 13.54 (br s, 1 H, 

2.90 (m, 2 H, CH,), 4.66-6.30 (m, 
5 H, olefinic protons), 6.53 (d, 2 
H, J = 8 Hz, protons ortho to N 
substituent), 7.00 (d, 2 H, protons 
meta t o  N substituent), 7.30 (m, 5 
H, Ph), 14.13 (br s, 1 H, OH) 

2.26 (s,  3 H, CH,), 2.86 (m,  2 H, 
CH,), 4.73-6.00 (m, 3 H, olefinic), 
6.50 (d, 2 H, J =  8 Hz, protons 
ortho to N substituent), 6.98 (d ,  2 
H, protons meta t o  N substituent), 
7.33 (m, 5 H, Ph), 13.56 (br  s, 1 

2.76 (m,  2 H, CH,), 3.03 (s, 3 H, 
NCH,), 4.8-5.9 (m,  3 H, vinyl 
protons), 6.00 ( t ,  1 H, remaining 
olefinic proton), 6.63 (d ,  2 H, J = 
8 Hz, protons or tho to N substi- 
tuent), 7.13 (d, 2 H, protons meta 
to N substituent), 7.26 (s, 5 H, Ph)  

2 H, J =  7 Hz, CH,CO), 4.70-6.00 

co 1 

OH 1 
1.95 (d, 3 H, J = 6 Hz, CH,CH=), 

H, OH) 

271 
269 

315,313 

160 

240, 238 

196, 194 

3 7 5 , 3 7 3  

339,331 

313, 311 

285, 283 

Table I. Pertinent Spectral Data for 2, 3, 8, and 10 
2 , 3 , 8 ,  o r  lo,* mp or  bp (mm mass spectrum, 

reactant R, R ,  R ‘  Hg), “C yield, % ’H NMR (CDC13), S m / e  
2, Ph, p-ClC,H, 2.26 (m, 2 H, CH,CN), 2.76 (m, 2 H, 

CH,CH=CH,), 4.66-6.00 (m, 3 H, 
olefinic protons), 6.73 (d, 2 H, J =  
8 Hz, protons or tho to N-bearing 
carbon), 7.30 (d, 2 H, protons 
or tho to C1-bearing carbon), 7.45 

2, p-BrC,H,, Ph 

3, Ph 

3, p-BrC,H, 

3, p-C1C6H, 

8, Ph, p-ClC,H,, 
Ph 

8, Ph, p-C1C6H,, 
CH,CH=CH 

8, Ph, p-ClC,H,, 
CH, 

10, Ph, p -  
C1C6H, 

a Satisfactory ( i0 .4%) C, H, and N analyses were obtained for all new compounds. 
Lit., bp 80-82 “ C  (0 .07 mm).  

Lit.6 bp 108.2-108.8 “C (5  mm). 
Isolated (not GC) yields. 

One can use secondary amides in place of imidoyl 
chlorides for reaction with vinylmagnesium bromide to 
generate 5 and the metallo enamine 6 (Scheme I). Re- 
action of 4 (R = Ph, R’ = p-C1C6H4) with the vinyl- 
magnesium reagent (3:l ratio of C2H3MgBr to 4) in THF 
a t  room temperature for 3 h afforded 2 (R = Ph, R’ = 
p-ClCGH4) in only 22% yield. However, use of a 4.3/1.0 
molar ratio of Grignard/4 and refluxing in THF for 18 h 
gave 2 (R = Ph, R’ = p-C1C6H4) in 89% yield. The latter 
was quantitatively converted to the y,d-unsaturated ketone 
as described above. The imidoyl chloride reaction is ef- 
fected under milder conditions than the amide route; 
however, the yields of 2 and 3 are slightly better with the 
latter method. y,6-Unsaturated ketones and imines are 

useful compounds in their own right (e.g., as sources of 
1,5-dienes and for intramolecular cyclization reactions).6 

Addition of acid chloride 7 (R” = CH3, Ph, CH3CH= 
CH) to metallo enamine 6, generated in situ from 1 or 4, 
gave the enol imine 8. The enolic proton of 8 occurred a t  
low field (6 13.54-14.13) in the proton magnetic resonance 
spectrum. It is noteworthy that there was no detectable 
amount of any kebimine tautomer (9) in these reactions. 

When 6 (R = Ph, R’ = p-C1C6H4) was first treated with 
butyllithium at -78 OC and then with methyl iodide, the 
enamine 10 was formed. Hydrolytic cleavage of 10 gave 

(6) E.g.: Marvell, E. N.; Li, T. H.-C. J.  Am. Chem. SOC. 1978,100,883. 
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Stepwise [2 + 21 and [3 + 21 “Cycloaddition” 
Reactions of Allenyl Cations with Olefins 

Scheme I 
BrMgO 

I 
I 

[ RC=NR’l -r RCONHR‘ 

7 I CHp=CHMgBr 

R’  RC-NR’ RC-NR’ 

I I  I 
I 

\N,,’H - CH MgBr 

CHzCH=C H2 

R”COC I 

CHzC H=C H2 
R“ 

CHz=C HCH2 
6 2 

1 n-CqHgLl 
2 CH3I  (2  cq) I 8 

RC=CHCHzCH=CHz 

‘I 
R ’ N  

I1 I 
I R ’ / N \ c H 3  

RCCHCH&H=CHz 

COR“ 
10 9 

3 (R = Ph) and p-chloro-N-methylaniline. The formation 
of 10 is an exceptional case of N-alkylation of metallo 
enamines, since the latter generally experience C-alkyla- 
t i ~ n . ~  

The following general procedure was used. To a vig- 
orously stirred solution of 1 (1.70 mmol) in dry THF (15 
mL) was added, in one portion, 3.50 mmol of vinyl- 
magnesium bromide in 4 mL of THF. The reaction was 
exothermic, and the color of the solution became red- 
brown. After 30 min, the reaction mixture was poured into 
water and extracted with ether, and the ether extract was 
dried (MgSO,) and concentrated. Analytically pure 2 was 
obtained by distillation or recrystallization. For the 
preparation of the enol imines 8, an acid chloride was 
added to the red-brown solution, and the reaction mixture 
was stirred for 8-10 min and then poured into water. The 
methylated compound 10 was obtained by first adding 1.5 
equiv of n-butyllithium to the red-brown solution (cooled 
to -78 “C), and then, after gradual warming to room tem- 
perature, methyl iodide (2 equiv) in THF (2 mL) was 
added dropwise. After being stirred for 30-60 min, the 
solution was worked up in the usual manner. 
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Summary: Propargyl halides R1C=CCHalR2R3 and ole- 
fins react under zinc halide catalysis to give a-halo- 
benzylidenecyclobutanes (R’ = phenyl) or l-halocyclo- 
pentenes (R’ = methyl). 

Sir: Allenyl cations (1) have been established as reactive 
intermediates in solvolysis reactions of allenyl and pro- 
pargyl derivatives;’ they can be observed as stable species 
in superacidic solutions.2 Recently we demonstrated their 
ability to undergo [2 + 41 and [3 + 41 cycloadditions with 
cyclopentadiene (eq l).3 In this paper we report the Lewis 

acid catalyzed formation of vinylcyclobutanes 2 and cy- 
clopentenes 4 from propargyl halides 3 and olefins via 
stepwise [2 + 21 and [3 + 21 cycloadditions of intermediate 
allenyl cations 1 (Scheme I). 

Vinyl halides 2 and 4 are accessible in moderate to good 
yields when equimolar mixtures of propargyl halides 3 and 
olefins are treated with the homogenous catalyst system 
1:1.5 ZnHa12-Et20 in methylene chlorides4 Best yields 
were usually obtained when 3 and 1-2 equiv of olefin in 
methylene chloride solution were added to the catalyst a t  
-78 OC and subsequently warmed up to 0 “C (Table I). In 
addition to 2a and 2b, reactions a and b (Table I) yielded 
mixtures of enynes (-20%) from which 8 was isolated as 
the major ~omponent .~  

‘CH, 

Methylenecyclobutanes 2 and cyclopentenes 4 can be 
differentiated on the basis of their 13C NMR spectra. As 
expected from increment calculations,e the vinylic reso- 
nances are very similar in the cyclopentenes (4e, A = 4.1 
ppm) but differ considerably in the benzylidenecyclo- 
butanes (%a, A = 30.7 ppm). 

CI 
CI-C123.5 pH5 FH3 I 

Pa 40 

In the mass spectra, the cyclobutanes 2 are characterized 
by strong peaks corresponding to ions 1, whereas this type 
of fragmentation is not observed for cyclopentenes 4. 
Treatment of 2b with silver trifluoroacetate in ether and 
subsequent alkaline hydrolysis gave cyclobutyl phenyl 
ketone 9;’ the cyclopentene framework in compounds 4 was 

(1) Schiavelli, M. D.; Germroth, T. C.; Stubbs, J. W. J.  Org. Chem. 
1976,41,681 and references cited therein. 

(2) Richey, H. G., Jr.; Philips, J. C.; Rennick, L. E. J. Am. Chem. SOC. 
1966,87,1382. Richey, H. G., Jr.; Rennick, L. E.; Kushner, A. S.; Richey, 
J. M.; Philips, J. C. Zbid. 1965,87,4017. Pittman, C. U., Jr.; Olah, G. A. 
Ibid. 1965,87,5632. Olah, G. A.; Spear, R. J.; Wester”, P. W.; Denis, 
J.-M. Ibid. 1974, 96, 5855. 

(3) (a) Mayr, H.; Grubmdler, B. Angew. Chem., Znt. Ed. Engl. 1978, 
17, 130. (b) Mayr, H.; Halberstadt, I. K. Ibid. 1980, 19, 814. 

(4) For a description of the catalyst see ref 3b. 
(6) For 8: ‘H NMR (CCl,) 8 1.30 (8, C(CH&), 1.98 (8, CHs), 2.24 (8 ,  

CH2), 4.82 and 4.91 (br 8, =CH2), 7.27 (mc, C&). 
(6) Heeae, M.; Meier, H.; Zeeh, B. “Spektroekopische Methoden in der 

organischen Chemie”; Georg Thieme Verlag: Stuttgart, 1979; p 234. 
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