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indicate that the N H 2  bridge remains intact. 
Although the mechanism of the oxidative-addition reaction has 

not been investigated in detail, our qualitative observations suggest 
that oxidative addition occurs via a coordinatively and electron- 
ically unsaturated species, presumably the 14e species Ir- 
(PEt3)2Cl.m Ethylene loss from 1 m r s  readily, a t  a much faster 
rate than the reaction with ammonia. The amido complex 2 could 
also be obtained from reaction of NH3 with Ir(PEt3)3CI or Ir- 
(PEt3)2(C2H4)C121 at  approximately the same rate, suggesting that 
ligand dissociation in not rate determining and that the same 
species, Ir(PEt3)2Cl, is involved in the rate-determining oxidative 
addition. This is in accord with the mechanism of H2 oxidative 
addition to Rh(I),  which has been shown to proceed via the 14e 
species Rh(L)2C1.22 Furthermore, studies of C-H reductive 
elimination from octahedral Rh(II1) complexes have shown that 
reductive elimination occurs through a five-coordinate, 16e, Rh- 
(111) species, and therefore, by microscopic reversibility, C-H 
oxidative addition takes place via the 14e Rh(1) complex.23 

7a: 'H NMR (acetone-d6) S -5.71 (t, J -p = 17.0 Hz, 2 H, Ir-H), N-H 
obscured bv P-CH, (-1.8 Dum): 31P!H1 NMR (acetone-&) S -5.89 .I I ,  , I 

(SI; IR (NU~OI) 3394,3325 (m, YN-,,). 2126 (s, YIrHj, 2026 ~ m - i  (5, Yco). 
'Ib: 'H NMR (acetone-d6) 6 -7.94 (t, JH+ = 18.5 Hz, 2 H, Ir-H), 
-0.05 (s (br), 2 H, N-H), 1.01 (s (br), 2 H, N-H); 3'P(IH) NMR 
(acetone-&) b -8.52 (s); IR (Nujol) 3410, 3327 (m, N-H), 2175 cm-' 
( 5 ) .  
Reaction steps involving the addition of NH, to ethylene can be ex- 
cluded since ethylamines were not detected as reaction products. 
Tulip, T., unpublished results. The monoethylene adduct can be gen- 
erated directly from 1 by heating 1 in hexane under N2 
Halpern, J.; Wong, C. S. J .  Chem. Soc. Chem. Commun. 1973, 629. 

Further studies aimed a t  defining the mechanism and scope of 
this unique N-H cleavage reaction are now in progress. 
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(23) (a) Milstein, D. J.  Am. Chem. SOC. 1982, 104, 5227. (b) Milstein, D. 
Arc. Chem. Res. 1984, 17, 221. 

(24) The periodic group notation in parentheses is in accord with recent 
actions by IUPAC and ACS nomenclature committees. A and B no- 
tation is eliminated because of wide confusion. Groups IA and IIA 
become groups 1 and 2. The d-transition elements comprise groups 3 
through 12, and the p-block elements comprise groups 13 through 18. 
(Note that the former Roman number designation is preserved in the 
last digit of the new numbering: e.g., I11 - 3 and 13.) 
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The aminooxycarbene complex Cp(C0)2Fe(=COCH2CH2NH)t (I)  is deprotonated by NaH to give Cp(C0)2Fe- 
(-COCH&H2N) (11), whose nitrogen reacts with electrophiles. With Me30t, I1 yields the N-methyl carbene Cp(CO),Fe(= 
bOCH2CH2NMe)+ (111). Reaction of I1 with allyl bromide yields the N-allyl carbene Cp(C0)2Fe(=COCH2CH2NCH2CH= 
CH2)' (IV),  which under UV photolysis loses CO, allowing the allyl group to coordinate in Cp(C0)Fz 

{<OCH2CH2NCH2CH=CH2)' (V). The nitrogen of I1 adds to the carbon of methyl isocyanate; this is followed by isocyanate 

nitrogen attack on a coordinated CO ligand to give a carbamoyl-carbene complex, Cp(CO)Fe(=COCH2CH2NC(=O)N- 
(Me)C=O (VI).  Protonation of VI cleaves the carbamoyl ligand to give the N-carbamoyl carbene Cp(CO),Fe- 

(=COCH2CH2NC(=O)NHMe)' (VII). These interesting new complexes are characterized by their 'H and "C NMR and IR 
spectra. 

I 

Introduction carbene complexes. By treatment with base, these aminocarbenes 
The general reaction' of electrophiles (E+) with imidoyl ligands + 

protonation of Cp(CO),Fe(-C(H)(=NR)), where Cp = 7- M-C + E" - M=C (I) 
to form aminocarbene complexes (eq I) may be illustrated by the 

CSHs,* (CO)2(PPh3)2(Cl)Os(-C(H)(=NMe)),3 and C1- NN-R .. 'N-R 

(PEt3)2Pt(-C(H)(=NR))4 to give the corresponding amino- I 
E 

E * H'or R' (1) Brown, F. J. hog .  Inorg. Chem. 1980, 27, 10. 
(2) Yu, Y. S.; Angelici, R. J. Organometallics 1983, 2,  1583. 
(3) Collins, T. J.; Roper, W .  R. J .  Organomet. Chem. 1978, 159, 73. 
(4) Christian, D. F.; Clark, H. C.; Stepaniak, R. F. J .  Organomet. Chem. 

1976, 112, 227. 

are deprotonated to regenerate the imidoyl complexes. The above 
platinum imidoyl complex4 is alkylated by Me2S04 to give the 
aminocarbene, where E = Me (eq I). Werner and c o - w o r k e r ~ ~ - ~  

0020-1669/87/1326-0973$01.50/0 0 1987 American Chemical Society 
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Table I. Infrared Spectra of the Complexes in CH2CI2 Solvent 
c o m p 1 ex u(CO), cm-l v(C=O), cm-' 

[Cp(C0)2Fe(=COCH2CH2NH)]PF6 (I(PF,)) 
Cp(CO),Fe(=COCH2CH2N) (11) 

[Cp(C0)2Fe(=COCH2CH2NCH,)IPF6 (III(PF,)) 
[Cp(CO)2Fe(=COCH2CH2NCH2CH=CH2)]PF6 (IV(PF6)) 

2060 (vs), 2015 (vs) 
2035 (vs), 1980 (vs) 
2054 (vs), 2009 (vs) 
2055 (vs), 2008 (vs) 

I 

8 

[Cp(CO)Fe(=COCH2CH2NCH2CH=CH2)]PF6 (V(PF,)) 2010 (vs) 
I 

Cp(CO)Fe(=COCH2CH2N-C(=O)N(Me)C=O) (VI) 1960 (vs) 1602 (s), 1675 (s) 

[Cp(CO),Fe(=C0CH2CH2NC(=O)NHCH3)]PF6 (VII(PF,)) 2064 (vs), 2020 (vs) 1732 (s) 
c , 

have reported reactions in which the imidoyl group in Cp- 
(PMe,)(I)Co(--C(Me)(=NPh)) adds to the electrophilic carbon 
center in a variety of unsaturated organic molecules (e.g., acetone, 
MeCN, CS2, Ph2C=S, and PhNCS). The reaction (eq 11) with 
phenyl isothiocyanate is typical of this r e a ~ t i v i t y . ~  

Me 

C 
I 

'I 
Cp(PMe3)Co ' "-Ph + Ph-N=C=S - 

Me 

Recently, we reported*-10 a simple method for preparing am- 
inooxycarbene complexes from relatively electron-poor metal 
carbonyl complexes and aziridine (eq 111). The aminocarbene 

I 

(111) 

ligand of Cp(C0)2Fe(&OCH2CH2NH)+ (I) was deprotonated 
with N a H  to give the imidoyl complex c ~ ( C 0 ) ~ F e -  

(-COCH2CH2N) (11), whose nitrogen was sufficiently basic to 

form a complex, [Cp(C0)2Fe(=COCH2CH2N)Pd(p-Cl)C1]2, 
upon reaction with PdC12(NCMe)2.'1 In the present paper, we 
describe further studies of the nucleophilicity of the nitrogen in 
I1 in its reactions with organic electrophiles. 
Experimental Section 

All reactions were performed under an N2 atmosphere with use of 
Schlenk techniques. Unless noted otherwise, reagent-grade chemicals 
were used as received. The solvent Et20 was distilled from Na/benzo- 
phenone under N2; CH2CI2 was dried over CaH2 and distilled under Nz. 
The solvents were stored over type 4A molecular sieves. MgSO, was 
dried in an oven before use. Complex I(PF6), [CP(CO)~F~-  
(=COCH2CH2NH)]PF6, was prepared as reported previously." The 
photolysis reactions were carried out in a Bradford Scientific unit 
equipped with a General Electric F4T4-BL ultraviolet light source em- 
itting primarily 366 nm wavelength light. The quartz reaction vessel was 
Water-cooled. 

Infrared spectra were recorded on a Perkin-Elmer 281 or 681 spec- 
trometer. Most 'H and I3C NMR spectra were obtained on a Nicolet 
NT-300 spectrometer. Spin-decoupled and 2-D NMR spectra were 
recorded on a Bruker WM-300 instrument. The mass spectrum of com- 
plex VI was obtained on a Finnigan 4000 GC/MS, while FAB mass 

i 

, 

( 5 )  Werner, H.; Heiser, B. Chem. Ber. 1985, 118, 2282. 
(6) Schubert, U.; Heiser, B.; Hee, L.; Werner, H. Chem. Eer. 1985, 118, 

3151. 
(7) (a) Werner, H.; Heiser, B.; Schubert, U.; Ackermann, K. Chem. Ber. 

1985,118, 1517. (b) Werner, H.; Heiser, B.; Kiihn, A. Angew. Chem., 
In?. Ed. Engl. 1981, 20, 300. 

(8) Singh, M. M.; Angelici, R. J. Inorg. Chem. 1984, 23, 2699. 
(9) Singh, M. M.; Angelici, R. J. Inorg, Chem. 1984, 23, 2691. 

(10) Singh, M. M.; Angelici, R. J. Inorg. Chim. Acra 1985, 100, 57. 
(1 1) Motschi, H.; Angelici, R. J. Orgunomerallics 1982, I, 343. 

Table 11. 'H NMR Data for the Complexes" 
complex 

I 
11 
I11 
IV 
V 

VI 
VI1 

OCHl NCH2 
4.60 (t)d 3.70 (t)d 
3.75 (t) 3.60 (t) 
4.60 (t)d 3.77 (t)d 
4.66 (t)d 3.76 (t)d 
4.79 (m) 3.65 (m) 
4.64 (m) 3.43 (m) 
4.66 (s, br) 4.02 (s, br) 
4.78 (t)d 4.00 (t)d 

CP other 
5.30 (s) 9.50 (s) [NH] 
5.00 (s) 

5.30 (s) b 
5.06 b 

5.26 ( s )  3.27 ( s )  [NCH3] 

4.84 ( s )  3.00 (s) [NCH,] 
5.24 (s) 6.61 (s) [NH], 

2.81 (d)' 
[NCH31 

'In CD,CN; chemical shifts (a) in ppm downfield from Me4%. 
Legend: t = triplet, d = doublet, s = singlet, br = broad, dd = doublet 
of doublets, m = multiplet. bSee Table IV for allyl resonances. cJHH 
= 4.6 Hz. d J H H  = 9-10 Hz. 

spectra were run on samples in an ONPOE (o-nitrophenyl octyl ether) 
matrix with a Kratos MS-50 spectrometer. IR and NMR spectra of the 
complexes are collected in Tables I-IV. 

Syntheses of the Complexes. [Cp(CO),Fe(=C0CH2CH2NMe)]- 
PF6 (III(PF6)). The imidoyl complex Cp(C0)2Fe(-COCH2CH2N) 
(11) was generated" by adding 50% NaH (0.050 g, 1.0 mmol) in mineral 
oil to 0.050 g (0. I3 mmol) of [Cp(C0)2Fe(=COCH2CH2NH)]PF6 (I- 
(PF,)) in 20 mL of CH2CI2 and stirring for 2 h. After the mixture was 
filtered under N2 through MgS04, (Me@)PF6 (0.026 g, 0.13 mmol) was 
added. After this mixture was stirred for 15 min, the solvent was evap- 
orated under vacuum, and the residue was washed with small amounts 
of Et20 until the washings were colorless. The residue was then dissolved 
in CH2CI2 under N2. After filtration through MgSO,, the light yellow 
filtrate was evaporated under vacuum until a precipitate began to form. 
Further precipitation was induced by the addition of Et20. The mixture 
was allowed to stand at -20 "C overnight, and the solvent was decanted, 
leaving a light yellow powder of the product, 111, which was washed with 
Et20 and hexanes and then vacuum-dried; yield 0.029 g (57%). Anal. 
Calcd for CllH12F6FeN0,P: C, 32.46; H, 2.97. Found: C, 32.25; H, 
2.64. FAB MS: m / e  262 (M'), 234 (M' - CO), 206 (M* - 2CO), 
where M+ is the cation in 111. 

[Cp(CO),Fe(=COCH2CH2NCH2CH==CCH2)]PF6 (IV(PF,)). Ex- 
cess 50% NaH (0.18 g, 3.8 mmol) in mineral oil was added to 0.18 g 
(0.46 mmol) of I in 40 mL of CH2CI2 to generate 11. After it was stirred 
for 2 h, the mixture was filtered through MgSO,, and CH2=CHCH2Br 
(0.56 g, 4.6 mmol) was added to the filtrate. The solution was refluxed 
for 4 h. Then, an excess of KPF, (1.5 g) was added, and the mixture was 
stirred for 30 min. The solvent was removed under vacuum, and the 
residue was dissolved in CH2C12 and purified by recrystallization as 
described in the preparation of 111. The product, IV, was a light yellow 
powder, yield 0.065 g (33%). Anal. Calcd for C,,H,,F,FeNO,P: C, 
36.06; H, 3.26; N, 3.23. Found: C, 36.25; H,  3.49; N, 3.27. FAB MS: 
m / e  288 (M'), 260 (M' - CO), 232 (M' - 2CO). 

[Cp(CO) Fe(==COCH,CH2NCH2CH=CH2)]PF6 (V( PF,) ). Photo- 
lysis of a light yellow solution of IV (0.090 g, 0.2 mmol) in 35 mL of 
CH2C12 for-2 h changed the color to dark yellow. The solvent was 
evaporated under vacuum, and the residue was extracted with CH,C12 
and purified as described in the isolation of 111. The product, V, was a 
dark yellow powder, yield 0.069 g (82%). Anal. Calcd for 
C12H14F6FeNOlP: C, 35.58; H,  3.48; N, 3.46. Found: C, 35.47; H, 
3.53; N, 3.21. FAB MS: m / e  260 (M'), 232 (M' - CO). 
Cp(CO)Fe(=CoCH2CH2NC(=O)N(Me)C==O) (VI). The oil was 

removed from 50% NaH (0.25 g, 63 mmol) in mineral oil by washing 

. 
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Table 111. 13C NMR Data for the Complexes" 
complex carbene co CP OCH2 NCH2 other 

~ 

1b.c 221.5 212.1 88.7 74.2 47.0 
I P  183.78 214.3 85.6 64.9 56.2 

88.V 66.SC 57.3c 
111' 218.8 72.8 53.0 37.2 [NCHJ 

f 
211.4 87.7 

f 
IVC 220.3 221.2 87.9 73.2 53.2 h 
VC 225.5 218.5 87.2 75.9' 49.4i h 
VI' 184.5 214.4 88.3 71.6 46.4 29.0 [NCHJ, 153.0 [NC(=O)N], 247.7 [Fe(C=O)N] 
VII' f 210.9 88.3 74.9 50.4 27.9 [NCH,], 147.58 [NC(=O)N] 

"Chemical shifts in ppm, referenced from CD3CN (6 1.29). bReference 11. CIn CD3CN solvent. CsD6 solvent. e I n  CD2C12 solvent. /Not 
observed. $Assignment uncertain due to low signal to noise ratio. hSee Table IV for allyl resonances. 't, J C H  = 157.5 Hz. J t ,  J C H  = 144.5 Hz. 

Table IV. 'H and I3C NMR Data for the Allyl Groups in IV and Vu 
complex c a  Cb cc 

'H NMR 
IV 4.32 (d)C 5.90 (m) 5.41 (m) 

5.39 (m) 
V 3.65 (d) 5.48 (m) 3.04 (dd)8 

2.92 (d)l 3.97 (dd)h 

I3C NMR 
IV 50.4 131.3 121.1 
V 48.1b 72.5c 52.Id 

'Solvents and abbreviations are the same as in Tables I1 and 111 for 
these compounds; carbon atoms a, b, and c are identified in Scheme I. 

5.9 Hz. J J H H  = 13.0 Hz. 8 J H H  = 12.0 and 5.8 Hz. h J H H  = 12.1 and 
6.8 Hz. 

four times with IO-mL portions of hexanes; the NaH was then dried 
under vacuum for 2 h. After it was dried under vacuum for 2 h, 0.25 
g (0.64 mmol) of I was dissolved in 20 mL of CH2C12 under N,. This 
solution was added to the dry NaH to form 11; the mixture was stirred 
for 2 h and then filtered through MgSO,. To this solution was added 
54 pL (0.92 mmol) of MeNCO; this solution was stirred for 1.5 h. In 
order to protonate any unreacted I1 and thereby facilitate its removal, 
0.5 g (3 mmol) of NH4PF6 was added to the solution, which was stirred 
for 3 min and then quickly filtered through MgS04. The filtrate, which 
contained a mixture of complexes I, VI, and VII, was evaporated under 
vacuum to leave a residue, which was dissolved in Et20  (I and VI1 are 
mostly insoluble). The Et20  solution was filtered through MgS04 and 
evaporated under vacuum. The yellow residue was dissolved in acetone 
and chromatographed on a 2.5 X 10 cm Kieselgel column with acetone 
as the eluent. The yellow fraction was evaporated to leave bright yellow 
VI, yield 0.045 g (23%). The product decomposes slowly in solution so 
that an analytically pure product could not be obtained by recrystalli- 
zation. It was characterized by its IR and NMR spectra (Tables 1-111) 
and bv MS: m l e  304 (M+L 247 (M+ - NCOMe). 

bt, J C H  = 148 Hz. 'd, J C H  = 161.6 Hz. dt, JCH = 164.6 Hz. 'JHH = 

\ I ,  . 
[Cp(C0)2Fe(=COCH2CH2NC(=O)NHMe)]PF6 (VII(PF6)). Ex- 

cess NHdPF, (-0.5 11. 3 mmol) was added to a solution of 0.0070 p; 
(0.023 mmoi) of VI in 8 mL of CH2C12. After the mixture was stirre2 
4 h, the solvent was removed under vacuum, and the orange residue was 
extracted into CH2C12 and purified as described for the isolation of 111. 
The yield of the orange VI1 was 0.0078 g (75%). Anal. Calcd for 
CI2Hl3O4FeF6PN2: C, 32.03; H, 2.91; N, 6.22. Found: C, 31.73; H, 
2.85; N, 6.14. FAB MS: m/e 305 (M'), 277 (M' - CO), 248 (M+ - 
2CO). 

Results and Discussion 
The reactions of the imidoyl complex Cp(C0)2Fe- 

(-COCH2CH2N) (11) reported in this paper are summarized 
in Scheme I; equations discussed below are those numbered in 
Scheme I. All of the products are air-stable in the solid state for 
a period of a t  least several months. 

The nitrogen of I1 is methylated (eq 1) by [Me30]PF6 within 
15 min a t  room temperature to give the N-methyl carbene I11 in 
57% isolated yield. As expected, the u(C0)  values (Table I) for 
I11 are higher than those of 11; however, they are not quite as high 
as those for I, indicating that Me is more electron-donating than 
H. In the IH N M R  spectrum (Table 11) of 111, the two sets of 
CH2 protons in the carbene ring each occur as triplets, as expected 
for an A2B2 system; this pattern is characteristic of I, 11, and 
aminooxycarbene complexes of other metals.*-" 

, I 

Scheme I 

N 1 r I 
t ie  I 

I1 I 

I1 

I 
(4) MNCO \ 

I 

L 

I 
H?C=CH-CHz 

c b  8 

IV 

Me 
VI 

I 

MeHN 

VI1  

Allyl bromide reacts (eq 2) with I1 in refluxing CH2C12 to give 
the N-allyl carbene complex IV in 33% isolated yield. The same 
complex was prepared similarly from allyl iodide. The v(C0)  
frequencies of IV are very similar to those of the N-methyl complex 
111. Ultraviolet photolysis (eq 3) of IV results in the loss of a C O  
ligand and coordination of the olefinic bond of the allyl group to 
the Fe to give V in 82% yield. As expected, V shows only one 
v ( C 0 )  band in its IR spectrum. 

Notable changes occur in the ' H  N M R  spectrum in the con- 
version of IV to V. In IV, the OCH2CH2N sets of protons each 
occur as triplets as found in other simple aminooxycarbene com- 
plexes (e.g., I and 111). However, in V, the asymmetry at  the Fe 
causa  all four of the OCH2CH2N protons to become inequivalent, 
and the OCH2 and NCH2 resonances become complex multiplets. 
The allyl 'H and 13C signals of IV and V are summarized in Table 
IV. The 13C chemical shift assignments were made on the basis 
of spectra of related derivatives in this study; for V, a proton- 
coupled 13C spectrum gave JCH values (Tables I11 and IV), which 
were helpful in making the proposed assignments. The 'H N M R  
assignments for IV were based on integrations and the close 
similarity of the allyl portion of the spectrum to that of allylamine. 
For V, the assignments were made on the basis of integration, 
chemical shift values, coupling patterns, and, most importantly, 
a proton-correlated 2D N M R  experiment. The two CH, protons 
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Scheme I1 

I1 + Me-N=C=O - 

N O  

Me 
VI I 

(Table IV) occur as a simple doublet due to coupling with Hb in 
IV but become inequivalent in V. The chemical shifts of the 
olefinic protons in IV move upfield upon coordination to the Fe 
in V; the upfield shift is very similar to that observed for propene 
when it becomes coordinated in CpFe(C0)2(propene)+.'2 The 
olefinic 13C resonances (C, and C,) of IV have chemical shifts 
typical of those of free alkenes,I3 but in V, these resonances move 
upfield into the range observed for CpFe(CO)z(olefin)+ com- 
p1exes.l2 I t  should be noted that it is possible in V for the olefin 
to be oriented relative to the other ligands in two ways; N M R  
spectra of the complex show, however, the presence of only one 
isomer. 

Reaction of I1 with methyl isocyanate, Me-N=C=O (eq 4), 
gives VI, which was not sufficiently stable in solution to allow 
purification. However, its spectra are consistent with the for- 
mulation shown in Scheme I. The mass spectrum of VI shows 
a parent ion corresponding to the correct composition. The IR 
spectrum shows three v(C0) absorptions; the highest (1960 cm-') 
may be assigned to the C O  ligand. v(C=O) of the carbamoyl 
group is assigned to the band a t  1602 cm-', because this frequency 
is similar to those observed in the related carbamoyl complexes 
Cp(CO),Fe(-C(=O)NHR):  R = H, 1593 cm-I; R = CH3, 1625 
cm-I,l4 The u(C0) band at  1675 cm-l is assigned to the urea-like 
carbonyl. Organic ureas have v(C0)  absorptions in the region 
around 1660 cm-', e.g., 1695 cm-' for t e t r ame thy l~ rea . '~  

The 'H N M R  spectrum (Table 11) is consistent with structure 
VI; in particular, the four O C H 2 C H z N  protons in the carbene 
ring are inequivalent because of the asymmetry at  Fe, as they were 
in V, giving rise to broad, highly split signals. In the I3C N M R  
spectrum of VI, the chemical shifts are reasonably assigned as 
given in Table 111. Only the carbamoyl carbon FeC(=O)N 
assignment a t  6 247.7 is somewhat surprising because it is so 
different from the 6 195.2 signal observed for the carbamoyl carbon 
in Cp(C0)2Fe(<(=O)NHMe);'6 however, the carbamoyl group 
in VI is quite unusual and its chemical shift may not fall in the 
normal carbamoyl range. Presumably, the formation of VI in eq 

(12) Faller, J.  W.; Johnson, B. W. J .  Organomet. Chem. 1975, 88, 101. 
( I  3) Levy, G. C.; Nelson, G. L. Carbon-I3 Nuclear Magnetic Resonance for  

Organic Chemists; Wiley-Interscience: New York, 1972. 
(14) Busetto, L.; Angelici, R. J. Inorg. Chim. Acta 1968, I, 391. 
(15) Handbook of Organic Structural Analysis; Yakawa, Y., Ed.; W. A.  

Benjamin: New York, 1965. 
(16) Angelici, R. J.; Formanek, T. Inorg. Chim. Acta 1983, 76, L9. 

4 occurs by initial addition (Scheme 11) of the imidoyl nitrogen 
to the isocyanate carbon followed by nucleophilic attack of the 
isocyanate nitrogen on the carbon of a C O  ligand. 

Typically, acids react"J8 with carbamoyl ligands by protonating 
the nitrogen with loss of the amine, which leaves a coordinated 
C O  ligand. Similarly, VI reacts with NH4+, a very weak acid, 
to protonate the nitrogen and generate a CO ligand to give VI1 
in 75% isolated yield (eq 5).19 The presence of two C O  ligands 
in VI1 is established by the presence of two v(C0) bands a t  2064 
and 2020 cm-' in the terminal CO region; the urea-like v ( C 0 )  
absorption at  1732 cm-' has a relatively high value,15 presumably 
due to delocalization of electron density from the ring nitrogen 
into the carbene carbon, which reduces donation to the urea 
carbonyl group. Both the 'H and "C N M R  spectra are consistent 
with structure VI1 shown in Scheme I. The NCH3 protons occur 
as a doublet due to coupling with the N H  proton as demonstrated 
by adding 2 drops of DzO to an acetonitrile solution of VII, which 
c a w  the NCH3 doublet to collapse to a singlet and the N H  signal 
to disappear. If N a H  in mineral oil is added to a CH2C12 solution 
of VU, the nitrogen is deprotonated and VI is regenerated. 

A variety of other electrophiles were reacted with 11. In all 
of these reactions, it is important that the solutions be rigorously 
dry; otherwise I1 is protonated to give the carbene I. This occurred 
when the following commercial chemicals were used: CH3C(= 
O)C1, CH3(C=O)Br, Et20.BF3, BF3 gas, C 0 2 ,  CS2, and (CF3- 
CO)zO. When CH,(C=O)Cl was purified by refluxing and 
distilling over PCls and then over N,N-dimethylaniline,20 it reacted 
with an equimolar amount of I1 to give a small amount of I, but 
most of I1 remained unreacted. Phenyl isocyanate, purified by 
vacuum distillation over P205,20 reacted with I1 to give a small 
amount of I, but the IR spectrum of the reaction mixture also 
suggested the formation of the phenyl analogue of VI, as well as 
other products. Dry diphenylketene (Ph2C=C=O) reacted with 
I1 to give a mixture of products, which were not identified. There 
was no reaction of I1 with ethylene oxide, styrene oxide, ethylene 
sulfide, or i-PrN=C=N-i-Pr in refluxing CH2C12. Nor was there 
a reaction with MeNCS or PhNCS a t  room temperature. Thus, 
I1 is only moderately nucleophilic, certainly not as nucleophilic 
as amines or alkoxides. 

Acknowledgment. This work was supported by the Chemical 
Sciences Division of the Office of Basic Energy Sciences, U S .  
Department of Energy, under Contract No. W-7405-Eng-82; 
partial support was provided by the donors of the Petroleum 
Research Fund, administered by the American Chemical Society. 
We  thank Dr. R.  L. Domenick for the 2D N M R  studies and 
George Glavee and Drs. G. H. Spies and H. P. Kim for assistance. 

(17)  Angelici, R.  J.  Acc. Chem. Res. 1972, 5 ,  335. 
(18) (a) Fehlhammer, W. P.; Hirschmann, P.; Mayr, A. J. Organomet, 

Chem. 1982, 224, 153. (b) Fehlhammer, W. P.; Mayr, A,; Ritter, M. 
Angew Chem., Int. Ed. Engl. 1977, 16, 641. 

(19) CF3S03H also converts VI to VII. 
(20) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification ofLa6- 

oratory Chemicals; Pergamon: New York. 




