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Alkyl isocyanates la-c and the ortho-blocked aryl isocya- 
nate Id react with 1-diethylaminopropyne to give ketenim- 
i n e ~ . ~  The products are easily identified by their characteristic 
infrared absorption bands just above 2000 cm-l. Reactions 
with aqueous acid and acetic acid parallel those previously 
reported for ke ten imine~.~  

In contrast to these 2 t 2 additions to the C-0 7i bond, aryl 
isocyanates typically give solvent-dependent product mixtures 
from competing 2 t 2 and 4 + 2 additions involving the C-N 
T bond,ja and other conjugated isocyanates undergo 4 + 2 
 addition^.^ The C-0 T bond involvement is not unique, 
however. One example involving phenyl isocyanate and a 

l a ,  R = Me 2 

R-N=C=O + CH,--C=C--NEt2 

b, R = Et 
c, R = n-Bu 
d, R = 2,6-Me2Ph 

cyanoynamine has been reported," and a reexamination of the 
reaction of phenyl isocyanate with 2 indicates that in C C 4  a 
ketenimine (IR 2010 cm-l; NMR 6 1.92 (s)) forms and dis- 
appears in the reaction mixture. We have not been able to 
determine the fate of the ketenimine. 

These reactions are very solvent dependent. In acetonitrile, 
phenyl isocyanate and 2 react rapidly to produce the 4 + 2 
adduct. No intermediates are detectable by IR or NMR. 
Ketenimine 4d also forms rapidly and in high yield in aceto- 
nitrile but slowly and in poor yield in CC14. Solvent effects are 
expected to be significant for reactions which proceed through 
zwitterionic intermediates such as 7,7 and ynamine reactions 

I 

\\+ 
NEti 

7 
are characteristically solvent sensitive.8 For that reason it was 
surprising to find that the alkyl isocyanate reactions did not 
show either product or significant rate dependence on sol- 
vents. The rate of the reaction of 2 with methyl isocyanate was 
followed by NMR and found to be first order in each reactant 
with rate constants as shown in Table I. The factor of 8 dif- 
ference between rate constants in benzene and acetonitrile at  
34 OC can be compared to factors of lo3-lo4 for tetracyano- 
ethylene/enol ether additions for which a zwitterionic inter- 
mediate has been e~tab l i shed .~  From the temperature de- 
pendence of the rate constant in benzene, values of 13 f 2 
kcal/mol and -31.5 f 5 eu can be derived for the activation 

3 
,CONHR 

4b,c CH,CH, 
'CONEt, 

5b,c 
,CONAc(CHJ,CH, HOAc 

4c, - CHICH, 
CONEt, \ 

6c 

Table I. Solvent and Temperature Dependence of Rate 
Constants for Formation of 4a 

Solvent T .  "C h x 104, M-I s-1 

C6H6 16 0.45 f 0.05 
CfiH6 3 4 1.8 rt 0.1 
C f i b  56 8.8 rt 0.5 

CcHjCN 34 8.0 f 0.5 
CD3CN 34 15.3 f 1.6 

CsHjN02 34 9.5 f 1.0 
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enthalpy and entropy, respectively. The negative activation 
entropy indicates that the rate-determining step involves 
formation of either 3 or 7. 

Uncertainties in the interpretation of solvent effects make 
it impossible to rule out 7 as an intermediate in the alkyl iso- 
cyanate reactions. At least two cases exist in which the for- 
mation of a polar intermediate from less polar reactants will 
not be reflected in solvent effects. A reaction which proceeds 
through an electronically early transition state which does not 
reflect the character of the intermediate will be solvent in- 
~ensit ive.~ A more likely consideration for the alkyl isocyanate 
reactions is the possibility of offsetting solvent effects in AH* 
and AS*,lO a point which is difficult to probe because of the 
stringent requirements on the precision of the rate constants.I1 
The probability that the measured rate constants contain 
contributions from partitioning of 7 between starting mate- 
rials and 3 has been discussed by Huisgen.12 

Experimental Section 
Spectra were obtained from the following instruments: IR, Beck- 

man IR20; NMR, Hitachi Perkin-Elmer R-20; MS, DuPont Instru- 
ments 21-491. Melting points and boiling points are uncorrected. 
N,N-Diethyl-2-methyl-3-(alkylimino)-2-propenamides 4a-c. 

A solution of 0.03 mol of isocyanate and 0.03 mol of diethylamino- 
I-propyne in 50 mL of dry carbon tetrachloride or benzene was al- 
lowed to stand 3-5 days under nitrogen at  room temperature. After 
concentration under reduced pressure, the residue was distilled. 

From methyl isocyanate 4a was obtained in 78% yield: bp 73-6 "C 
(0.3 mm) [lit.3b bp 70 "C (0.2 mm)]; IR (CCl4) 2010,1615 cm-'; NMR 
(cc14) 6 1.10 (t, 6 H), 1.73 (s, 3 H), 3.21 and 3.31 (overlapping s and 

From ethyl isocyanate 4b was obtained in 67% yield: bp 67-9 "C (0.3 
mm); IR (CC11) 2010,1615 cm-l; NMR (cC14) 6 1.09 and 1.27 (over- 
lapping triplets, 9 H), 1.73 (s ,3  H), 3.30 and 3.47 (overlapping quar- 
tets, 6 H); mass spectrum, m / e  81 (B), 109,167,182. Anal. Calcd for 
CloHlsNzO: C, 65.90; H, 9.95; N, 15.37. Found: C, 65.67; H, 9.90; N, 
15.39. 

From n-butyl isocyanate 4c was obtained in 51% yield: bp 89-91 
"C (0.3 mm); IR (CC14) 2010,1615 cm-l; NMR (CC14) 6 1.10 (t, 3 H), 
0.9-1.7 (m, 10 H), 1.72 (s, 3 H), 3.29 and 3.42 (overlapping q and t, 6 
H). Anal. Calcd for C12H22N20: N, 13.32. Found: N, 13.25. 
N,N-Diethyl-2-methyl-3-(2,6-dimethylphenylimino)-2-pro- 

penamide (4d). To a solution of 2.94 g (0.02 mol) of 2,6-dimethyl- 
phenyl isocyanate in 10 mL of acetonitrile under nitrogen and in a 
room-temperature water bath was added a solution of 2.72 g (0.02 mol) 
of diethylamino-1-propyne in 10 mL of acetonitrile dropwise with 
stirring over 20 min. The resulting solution was concentrated under 
reduced pressure at  50 "C. The residue showed only product NMR 
absorptions. Distillation gave a small forerun of unchanged isocyanate 
and 1.8 g (35%) of the ketenimine: bp 144-9 "C (0.4 mm); IR (CCl4) 
2015, 1610 cm-I; NMR (CCl4) 6 1.08 (t, 6 H), 1.90 (s, 3 H), 2.34 (s,6 
H, 3.36 (9, 4 H), 6.93 (s, 3 H). A large pot residue appeared to be 
polymeric material. Anal. Calcd for C16HzzNzO: C, 74.38; H, 8.58; N, 
10.84. Found: C, 74.17; H, 8.65; N, 11.02. 
N-Alkyl-N:N'-diethyl-2-methylpropanediamides 5b and 5c. 

The addition of 1.0 g of the ketenimine to 15 mL of cold, 6 M hydro- 
chloric acid resulted in a clear solution which was extracted several 
times with chloroform. The extracts were dried over anhydrous so- 
dium sulfate and concentrated, and the residue was distilled. 

The amide 5b was obtained in 50% yield: bp 85-90 "C (0.3 mm); IR 
(CC14) 3340, 1675, 1635, 1530 cm-'; NMR (cc14) 6 1.07 (t), 1.16 (t), 
1.31 (d) all overlapping (12 H),  3.0-3.5 (m, 6 H), 6.9 (broads, 1 H).  

The amide 5c was obtained in 75% yield as a waxy solid: bp 90-95 
"C (0.3 mm); mp 43-5 "C; IR (CC14) 3340, 1675, 1632, 1530 cm-l; 
NMR (CC14) 6 0.8-1.6 (m, 16 H), 2.9-3.6 (m, 7 H), 7.2 (broads, I H). 
Anal. Calcd for C1zH24N202: C, 63.12; H, 10.59; N, 12.27. Found: C, 
63.32; H,  10.80; N, 12.48. 

N-( l-Butyl)-N-acetyl-N;N'-diethyl-2-methylpropanediam- 
ide (6c). To a solution of 1.6 g (9.5 mmole) of ketenimine 4c in 10 mL 
of CC14 under nitrogen was added a solution of 0.57 g (9.5 mmol) of 
anhydrous acetic acid in 5 mL of CC4. An exothermic reaction oc- 
curred which was complete within an hour. The solution was con- 
centrated and the residue was distilled giving 1.0 g of 4c: bp 58-60 "C 
(0.3 mm); IR (CC14) 1660 cm-', unresolved band; NMR (cc14) 6 1.03 
(t, 6 H), 1.50 (d, 3 H), 1.87 (s, 3H), 2.85 and 2.92 (overlapping s and 
q, 7 H),  4.13 (4, 1 H). Anal. Calcd for CllH26N203: c ,  57.87; H, 8.83; 
N, 12.27. Found: C, 57.75; H, 8.80; N, 12.38. 

q,  7 HI. 

Kinetics. Diethylamino-1-propyne was obtained from Columbia 
Organic Chemicals and redistilled under nitrogen. Methyl isocyanate 
was redistilled immediately before use. Solvents were reagent grade, 
redried, and distilled. For 34 "C runs (ambient probe temperature 
for the thermostated permanent magnet) 0.5 to 1 M solutions of the 
two reactants were mixed at  34 "C and an aliquot in a NMR sample 
tube was kept in the probe throughout the entire run. For high- or 
low-temperature runs, the reaction was carried out in a constant 
temperature bath (It 0.2 "C) and aliquots were withdrawn periodi- 
cally. The probe was maintained at  the same temperature (It 1 "C) 
as determined by ethylene glycol or methanol calibration spectra. 
Integrals were recorded as the average of four sweeps at  60 or 120 Hz 
sweep widths and 1 Hzls sweep times. The rf level was kept well below 
saturation, generally 500 pV. The integrals were reproducible within 
It4% and the instrument stability was such as to necessitate no re- 
balancing of the integration circuit throughout the course of a run. 
The peaks monitored were those of the C-methyl singlets of the 
ynamine, ketenimine, and isocyanate. Trial runs indicated that the 
ketenimine did not react with either the ynamine or the isocyanate 
under the reaction conditions. 

The rate constants reported in Table I are averages of three inde- 
pendent runs. Second-order plots for the reactions in benzene were 
linear through 75% completion. In other solvents, curvature was no- 
ticeable after 50% completion. 

Registry No.-la, 624-83-9; Ib, 109-90-0; IC, 111-36-4; Id, 
28556-81-2; 2,4231-35-0; 4a, 36277-29-9; 4b, 63815-28-1; 4c, 63797- 
98-8; 4d, 63797-99-9; 5b, 63798-00-5; 5c, 63798-01-6; 6c, 63798-02- 
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Cyclooctatetraeneiron tricarbonyl l2 has been extensively 
studied as one of the earliest examples of the fluxional be- 
havior of organometallic  compound^.^ Both proton4 and 
carbon-135 NMR spectroscopic studies have unequivocally 
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