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Me3CCH=CHHgBr, 108344-92-9; Me2C=CHHgBr, 23010-28-8; 
(E)-ClCH=CHHgCl, 1190-78-9; (2)-CICH=CHHgCl, 2350-34-7; 
t-BuHgC1, 38442-51-2; C-C6HllHgCl, 24371-94-6; i-PrHgC1, 
30615-19-1; PhCHZHgCl, 2117-39-7; t-BuCH2HgC1, 10284-47-6; 
(E)-2-MeO-CC6H,oHg02CCF3, 111823-10-0; PhCH(0Me)- 
CH2Hg02CCF3, 111823-11-1; (PhCOCH2)2Hg, 37160-45-5; (E)-  
PhCH=CHBu-t, 3846-66-0; (Z)-PhCH=CHBu-t, 3740-05-4; 
(E)-PhCH=CHC6H11-c, 18869-27-7; (Z)-PhCH=CHC6Hl1-c, 
40132-69-2; (E)-PhCH=CHPr-i, 15325-61-8; (2)-PhCH=CHPr-i, 

CHCH,Ph, 1138-83-6; (E)-PhCH=CHCH,Bu-t, 40132-64-7; 

Ph2C=CHPr-i, 35467-39-1; Ph2C=CHCBHll-c, 91083-83-9; 
Ph2C=CH-c-C6Hlo-2-OMe, 111823-12-2; Ph2C=CHCH2CH- 
(OMe)Ph, 111823-13-3; Ph2C=CHCH2COPh, 57694-83-4; 

(E)-Me3CCH=CH-c-CsHl1, 109660-16-4; (Z)-Me3CCH=CH-c- 

ClCH=CHBu-t, 18314-62-0; (Z)-ClCH=CHBu-t, 18314-61-9; 

15325-56-1; (E)-PhCH=CHCHZPh, 3412-44-0; (Z)-PhCH= 

(Z)-PhCH=CHCH2Bu-t, 40132-63-6; Ph&=CHBu-t, 23586-64-3; 

Ph,C=CHCH2Ph, 737-79-1; PhzC=CHCH,Bu-t, 66292-25-9; 

C6H11, 111823-14-4; Me2C=CH-c-C6Hll, 89656-98-4; (E) -  

(E)-CICH=CH-c-C,Hli, 67404-71-1; (Z)-C~CH=CH-C-C~H~~,  
6740470-0; (E)-PhCH=CHSnBu, 66680-88-4; Ph2MHSnBu3,  
91083-76-0; MezC=CHSnBu3, 66680-86-2; (E)-Me02CCH= 
CHSnBu3, 82101-74-4; (2)-MeOzCCH=CHSnBu3, 82101-75-5; 
CHz=CHSnBu3, 7486-35-3; (E)-PhSOzCH=CHSnBu3, 88486- 
41-3; A5-C6HlIHgC1, 63668-13-3; n-BuHgC1, 543-63-5; A3- 
C4H7HgCl, 14660-38-9; c-C5HsCHzHgCl, 33631-66-2; (E) -  

PhCH=CHCH2-c-C&,, 91083-79-3; (Z)-PhCH=CHCH,-c-C6Hs, 
91083-80-6; (E)-PhCH=CHBu-n, 6111-82-6; (2)-PhCH=CHBu-n, 

CH-A3-C4H7, 63779-64-6; (E)-MeO2CCH=CH-c-C6Hl1, 26429-99-2; 
(Z)-Me02CCH=CH-c-C6Hll, 26429-98-1; (E)-Me02CCH= 

C&11,695-12-5; CH2=CHBu-t, 558-37-2; Me3CCH2CH2SnBu3, 
€11823-15-5; (E)-PhSO2CH=CHBu-t, 68969-27-7; (E)-PhCH= 
CHHgBu-t, 111823-16-6; (E)-PhCH=CHHg-c-C6Hll, 111823-17-7; 
(E)-PhCH=CHHgBu-n, 111823-18-8; (E)-PhCH=CHHgCH2Ph, 
111823-19-9; PhCH=CHMgBr, 30094-01-0; t-BuMgC1,677-22-5; 
t-BuLi, 594-19-4; Ph2C=CHMgBr, 22072-53-3; i-PrMgBr, 920- 
39-8; ( C - C ~ H ~ ~ ) ~ B ,  1088-01-3; i-Pr3Al, 2397-67-3; ( P h c ~ c ) ~ H g ,  
6077-10-7; PhC=CSnBu3, 3757-88-8; PhCECLi, 4440-01-1; 
PhCECHgBu-t, 108230-30-4; (EtO),P(O)HgCl, 111823-20-2; 
PhCECBu-n, 1129-65-3; PhC=C-c-C6H11, 33414-83-4; PhC= 
CBu-t, 4250-82-2; PhC=CP(O), 3450-67-7; PhC=CCH2Ph, 
4980-70-5; CHz=CHCH2SnBu3, 24850-33-7; (E)-PhCH=CHI, 
42599-24-6; PhC=CI, 932-88-7; Ph2C=CHI, 19997-66-1; 
MezC=CHMgBr, 38614-36-7; (2)-PhCH=CHHgBu-t, 111848- 
29-4; (Z)-PhCH=CHHgCsHl1-c, 111868-87-2; (2)-PhCH= 
CHHgBu-n, 111823-21-3; (Z)-PhCH=CHHgCH,Ph, 111823-22-4; 
PhCGCH, 536-74-3; CH2=CHCH2MgC1, 2622-05-1; Bu3SnC1, 
1461-22-9; AlC13, 7446-70-0; c-C,HsHgC1, 27008-70-4; bibenzyl, 
103-29-7; mercuric bromide, 7789-47-1; mercuric chloride, 7487- 
94-7. 

15325-54-9; (E)-PhCH=CH-A3-C4H7, 56644-04-3; (Z)-PhCH= 

CHBu-t, 20664-51-1; CHrj=CH-c-CSHe, 3742-34-5; CH,=CH-C- 
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Addition of trimethylsilyl chloride to a mixture of NazCr(CO)5 and a variety of tertiary amides produced 
(aminocarbene)pentacarbonylchromium(O) complexes in fair to excellent yield. The procedure developed 
is a rapid, convenient, one-pot process and permits the synthesis of carbene complexes not readily available 
by other synthetic routes. These carbene complexes have potential application in the synthesis of p-lactams 
and a-amino acids. 

Introduction 
Heteroatom-stabilized ("Fischer") chromium carbene 

complexes' are being extensively developed as reagents for 
use in organic synthesis.2 Most extensively studied are  
t h e  thermal reactions of methoxyaryl- and  methoxy- 
vinylcarbenes with alkynes t o  produce h y d r ~ q u i n o n e , ~  
heteroaromatic,4 or cyclic ketone6 derivatives, while similar 

thermal reactions with amino arylcarbenes produce inde- 
nones or aminoindenesS6 Thermal reactions of meth- 
oxycarbene complexes with isonitriles produces cyclic bis 
imines.' In contrast, photolytic reaction of me thoxp  and 
aminocarbeneg complexes with imines produce P-lactams 
and with nucleophiles produce a-amino acid derivatives.'O 

Methoxycarbene complexes are normally synthesized by 
the  original Fischer procedure, involving the  reaction of 

~ 

(1) For recent reviews, see: Casey, C. P. React. Intermed. (Wiley) 
1985,3,109. Syatkovskii, A. I.; Babitakii, B. D. Russ. Chem. Rev. (Engl. 
Transl.) 1985, 53, 672. 
(2) For a review, see: Dotz, K. H. Angew. Chem., Znt. Ed. Engl. 1984, 

23, 587. 
(3) (a) Dotz, K. H.; Popall, M. J. Organomet. Chem. 1985,291, C1. (b) 

D6tz, K. H.; Popall, M. Tetrahedron 1985, 41, 5797. (c) Wulff, W. D.; 
Tang, P.-C.; Chan, K. S.; McCallum, C. J. S.; Yang, D. C.; Gilbertson, S. 
R. Tetrahedron 1985,41,5813. (d) DBtz, K. H.; Sturn, W. J. Organomet. 
Chem. 1985, 285, 205. (e) Semmelhack, M. F.; Bozell, J. J.; Keller, L.; 
Sato, T.; Spiess, E. J.; Wulff, W.; Zask, A. Tetrahedron 1985, 41, 5803. 
(f) Wulff, W. D.; Kaesler, R. W.; Peterson, G. A.; Tang, P.-C. J. Am. 
Chem. Soc. 1985, 107, 1060. (8) Cambie, R. C.; Rutledge, P. S.; Tercel, 
M.; Woodgate, P. D. J. Organomet. Chem. 1986, 315,171. (h) Dotz, K. 
H.; Popall, M.; Muller, G.; Ackermann, K. Angew. Chem., Int. Ed. Engl. 
1986,25,911. (i) Yamashita, A.; Yoz, A. Tetrahedron Lett. 1986,27,3471 

(4) (a) Yamashita, A. J. Am. Chem. SOC. 1985,107, 5823. (b) Yama- 
shita, A.; Scahill, T. A.; Chidester, C. G. Tetrahedron Lett. 1985,26,1159. 
(c) Yamashita, A.; Scahill, T. A. Tetrahedron Lett. 1985, 26, 2969. 

(5) (a) Wulff, W. D.; Kaesler, R. W. Organometallics 1985,4,1461. (b) 
Dotz, K. H.; Sturn, W. J. Organomet. Chem. 1986, 310, C22. 

(6) Yamashita, A. Tetrahedron Lett. 1986,27, 5915. 
(7) Aumann, R.; Heinan, H. Chem. Ber. 1985, 118, 952, 4186. 
(8) (a) Hegedus, L. S.; McGuire, M. A.; Schultze, L. M.; Yijun, C.; 

Anderson, 0. P. J. Am. Chem. SOC. 1984,106,2680. (b) Hegedus, L. S.; 
Kramer, A.; Yijun, C. Organometallics 1985,4, 1747. (c) Hegedus, L. S.; 
Schultze, L. M.; Toro, J.; Yijun, C. Tetrahedron 1985, 41, 5833. 

(9) Borel, C. ; Hegedus, L. S.; Krebs, J.; Satoh, Y. J .  Am. Chem. Soc. 
1987, 109, 1101. 
(10) Hegedus, L. S.; deWeck, G.; D'Andrea, S. J .  Am. Chem. Soc., in 

press. 
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Synthesis of (Aminocarbene)chromium(O) Complexes 

an organolithium reagent with chromium hexacarbonyl, 
followed by alkylation of the resulting "ate" complex with 
trimethyloxonium tetrafluoroborate." This restricts the 
R group in (CO),Cr=C(R)(OMe) carbenes to those 
available from organolithium reagents, although further 
elaboration of alkylcarbene complexes by aldol conden- 
sation chemistry12 and of vinylcarbene complexes by cy- 
cloaddition chemistry13 widens the range of carbene com- 
plexes available by this route. 

Aminocarbene complexes are normally prepared by ex- 
change processes involving displacement of alkoxy groups 
from alkoxycarbene complexes by amines, although this 
route is limited to the use of sterically unhindered 
amines.14 Aminocarbene complexes having hydrogen on 
the carbene carbon-e.g. (CO),Cr=C(H)(NR2) are not 
available by this general route but can be made by the 
reaction of Na2Cr(CO), with (chloromethy1ene)dialkyl- 
ammonium chlorides (Vilsmeir's reagentsh9J5 However, 
this route is limited by the relative instability of this class 
of compounds, the necessity of removing the corrosive 
reagents (P0Cl3, S0Cl2, (COCl),, or phosgene) used to 
form these salts prior to reaction with NazCr(CO),, and 
the modest yields of the carbene-forming process. 

Our continuing studies on the use of chromium carbene 
complexes for the synthesis of @-lactams and a-amino acids 
required a general, convenient, high-yield synthetic ap- 
proach to a wide range of differently substituted amino- 
carbene complexes. Herein we report the development of 
such a system. 

Results and Discussion 
A general synthetic approach to aminocarbene com- 

Tertiary amides plexes of chromium is shown in eq 1. 
(1) 

NRZ 0 1 ) M F - 7 6 "  - 0 0  
I/ - (coj,cr=( 

R 
2) 3 TMSCI. -78' 
3) Neural AIzO, 

-w-w 

N+Cr(CO), + R-C-NR'z 

1 THF 

l a  R = H,R = Me 84% 

i b  R = H, R' = PhCHZ 86% 

- 1 % I C  R =  H,R' I Ph 

I d  R = Me,R' = Me 83% 

l e  R = P h . R =  Me 93% 

i g  R = oCIPh. R = Me 6oo/e 

I h  R = PhCH2CCH2, R' = Me 5oyo 

11 R = PhCH=CH. A' = Me 20% 

11 R = Me, R' = [(CHz)z]zO 78% 

lk R = .(CHz)r, R' = Me 88% 

were treated with 1.3-2 equiv of Na2Cr(C0)6 at  -78 "C in 
THF for 1/2 h, warmed to 0 "C for 1/2 h, cooled back to 
-78 "C, and 3 equiv of trimethylsilyl chloride was added. 

(11) Fischer, E. 0.; Aumann, R. Chem. Ber. 1968,101,960,963; 1969, 
102, 1495. 

(12) (a) Wulff, W. D.; Gilbertson, S. R. J.  Am. Chem. SOC. 1985, 107, 
503. (b) Aumann, R.; Heinan, H. Chem. Ber. 1987,120, 537. 

(13) (a) Dotz, K. H.; Kuhn, W. J. Organomet. Chem. 1985, 286, C 3 .  
(b) Wulff, W. D.; Chen, K. S. J. Am. Chem. Soc. 1986, 108, 5229. (c) 
Wulff, W. D.; Yang, D. C. J. Am. Chem. SOC. 1983,105,6726; 1984,106, 
7565. 

(14) For a detailed discussion of aminolysis of alkoxy carbene com- 
plexes see: Kreissl, F. R. In Transition Metal Carbene Complexes; 
Seyferth, D., Ed.; Verlag Chemie: Deerfield Beach, FL, 1983. 

(15) Hartshorn, A. J.; Lappert, M. F.; Turner, K. J. Chem. Soc., 
Dalton Trans. 1978. 348. 
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After 'I2 h at  -78 "C, neutral alumina was added, and the 
mixture was brought to room temperature. Removal of 
solvent under reduced pressure followed by purification 
by column chromatography produced aminocarbene com- 
plexes la-k in good to excellent yield. 

The procedure is very convenient to carry out. Stock 
solutions of Na2Cr(CO), can be generated by the reaction 
of chromium hexacarbonyl with sodium naphthalenide and 
stored for over 2 months in the freezer under an inert 
atmosphere (see Experimental Section) without significant 
loss of titer. Sequential addition of reagents, without 
isolation of intermediates, over the course of -2  h in a 
one-pot process results in good yields of aminocarbene 
complexes on a 1-40 mmol scale. Rapid silica gel column 
chromatography to separate the carbene complex from 
naphthalene (introduced with the Na2Cr(C0),) yields pure 
compounds. Compared with reagents used to generate 
Vilsmeir's salts, (R2N+=C(R)C1), such as P0Cl3, (COC1)2, 
or phosgene, trimethylsilyl chloride is easy to handle, 
relatively nontoxic and noncorrosive, and well-tolerated 
by Na2Cr(CO),, so that preforming of an activated amide 
adduct and removal of excess trimethylsilyl chloride are 
not necessary. 

A wide range of amides is readily convertible to ami- 
nocarbene complexes by this procedure. Dimethyl- and 
dibenzylformamides form the corresponding carbenes la 
and lb in excellent yield. In contrast, diphenylformamide 
undergoes reaction with Na2Cr(C0)5 but does not produce 
the desired carbene complex IC. Instead, large amounts 
of diphenylamine are isolated after completion of the re- 
action. NJV-Dimethylacetamide, -benzamide, and -3-furoic 
acid amide are converted to the corresponding carbenes 
Id, le, and If in excellent yield. Although these carbenes 
are available by the standard Fischer synthesis (formation 
of the alkoxycarbene complex using organolithium reag- 
ents, followed by exchange with dimethylamine), the ap- 
proach in eq 1 is considerably more convenient. N,N- 
Dimethyl-o-chlorobenzamide also forms the corresponding 
aminocarbene complex lg, a complex not accessible by the 
organolithium/exchange route, in good yield, as does 
N,N-dimethyl(benzy1oxy)acetamide (lh). In contrast, 
conjugated amides such as NJV-dimethylacrylamide gives 
no carbene or, in the case of N,N-dimethylcinnamide, only 
a low yield of carbene li .  In these cases, the amide is 
partially recovered. Finally, the morpholine amide of 
acetic acid and N-methylpyrrolidinone are converted to 
the corresponding carbenes 1 j-k in good to excellent yield. 
Again, lk is not available by the organolithium/exchange 
route. 

In relation to synthetic studies involving biologically 
active @-lactams8p9 and a-amino acids,1° aminocarbene 
complexes having optically active amino groups were 
needed. The procedure in eq 1 is very efficient for this 
purpose, producing chiral, nonracemic aminocarbene 
complex 2 in excellent yield and with no loss of stereo- 
chemistry (eq 2). Again, this carbene complex is not 

(21 

LiAIH, a) 

H 88% 2 93% 
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ment of dibenzylformamide with NazCr(CO), at -78 "C 
for 'Iz h followed by warming to 0 "C for ' I 2  h, recooling 
to -78 "C, and addition of methanol rather than tri- 
methylsilyl chloride leads to recovery of 94% of the amide. 
Similarly, addition of y-chloropropionyl chloride instead 
of trimethylsilyl chloride leads to production of a 40% 
yield of alkoxycarbene complex 6, indicating the presence 
of substantial amounts of Na2Cr(CO),, notwithstanding 
its pretreatment with dibenzylformamide. If tetrahedral 
intermediate 5 is formed, it is quite stable and shows no 
propensity to eject RPN-. Stirring dibenzylformamide and 
Na2Cr(CO)5 at  25 "C for 24 h results in no production of 
dibenzylamine. Cooling this mixture to -78 "C followed 
by addition of trimethylsilyl chloride again produces 
(dibenzy1amino)carbene complex lb. In contrast, when 
diphenylformamide is subjected to these conditions, di- 
phenylamine is obtained in over 40% yield and only traces 
of carbene IC are formed. With the much less basic, more 
stabilized PhzN- as a leaving group tetrahedral interme- 
diate 5 apparently ejects PhzN-. Whatever the mechanistic 
nuances of this process, it affords an efficient and con- 
venient synthetic approach to a wide variety of (amino- 
carbene)chromium complexes. 

Scheme I 
MsOH 94%remvery 

I 

I 
R 6 
5 

4 2 ?* 

TMSCl 1 
OTMS 

c o ~ s c r ~ N R 2  + TMSO- - (CO)ICr-C-NR~ - I  + CI-  
R I 

R 
lek 

accessible by the organolithium/exchange route, since the 
chiral, cyclic aminal precursor to the formamide is in 
equilibrium with its open-chain imino alcohol (see Ex- 
perimental Section). 

To date, this synthesis of aminocarbene complexes is 
restricted to dialkylamide substrates. Esters, carbonates, 
and carbamates fail to convert to the corresponding alk- 
oxy-, dialkoxy-, and alkoxyaminocarbene complexes when 
treated as in eq 1. Primary and secondary amides de- 
compose the NazCr(CO),, probably by protonation of this 
basic species. Dimethoxycarbene complex 3 can be made 
in modest yield by the related process shown in eq 3, from 

OMe 

C0)5Cr;=( 

OMe 

3 55% 

tetramethoxymethane16 (the corresponding diethoxy- 
carbene complex has been made in 0.08% yield from po- 
tassium ethoxide and chromium hexacarbonyll'). The 
related methoxymethylene complex 4 could not be made 
in this manner, decomposition of the reagents upon re- 
action being observed instead (eq 4). 

14) 
N a P ( C 0 k  

HC OR13 + BF30Etp - [ 3:;J BF4 +-- 
OMe 

CO,,C,+ 

H 
4 

Although the mechanism of the carbene-forming process 
described in eq 1 has not been studied, the chemistry 
described in Scheme I is consistent with the following 
observations. There is no apparent reaction between 
trimethylsilyl chloride and amides under the mild condi- 
tions of the reaction, and addition of NazCr(CO), to a 
mixture of amide and trimethylsilyl chloride gives only a 
40% yield of carbene. Addition of trimethylsilyl chloride 
to  the  chromium dianion at -78 "C followed by addition 
of the amide similarly resulted in low yields of carbene 
complex. High yields are obtained only when the chro- 
mium dianion and the amide are allowed to react, for 30 
min at  0 "C and trimethylsilyl chloride is then added at 
-78 "C. This is most consistent with reversible formation 
of the tetrahedral intermediate 5, followed by rapid 0- 
silylation and loss of trimethylsilyloxide. The reversible 
formation of 5 is suggested by two observations. Treat- 

(16) Meerwein, H.; Bobenbenner, K.; Borner, P.; Kunert, F.; Wun- 

(17) Fischer, E. 0.; Schemer, K.; Kreissl, F. R. J .  Organomet. Chem. 
derlich, K. Liebigs Ann. Chem. 1960, 632, 38. 

1976, 118, C33. 

Experimental Section 
General Procedure. Melting points were taken on a Mel- 

Temp apparatus and are uncorrected. A Bruker IBM-200 NMR 
spectrometer was used for the 200-MHz 'H NMR spectra. The 
270-MHz 'H NMR and the 67-MHz NMR spectra were ob- 
tained on a Bruker IBM-270 NMR spectrometer. NMR spectra 
were recorded in CDC13, and chemical shifts are given in parts 
per million relative to MelSi (0 ppm, 'H) or CDC1, (77 ppm, 13C). 
Optical rotations were obtained on a Perkin-Elmer 24 polarimeter 
at  a wavelength of 589 nm (sodium D line) using a 1.0-dm cell 
with a total volume of 1 mL. Specific rotation [a]=, were measured 
at  room temperature, and the concentration (c) is given in grams 
per 100 mL in the specific solvent. Baker silica gel (60-200 mesh) 
was used for column chromatography. Activated, neutral alu- 
minum oxide was obtained from Alfa. 

Elemental analyses were performed by M-H-W Laboratories, 
Phoenix, AZ. 

Materials. Tetrahydrofuran (Fisher, reagent grade) and di- 
ethyl ether (ASP, analytical reagent) were predried over CaHz 
and distilled from benzophenone ketyl under a nitrogen atmo- 
sphere just prior to use. Hexane (technical grade) was distilled 
at  atmospheric pressure. Methylene chloride was distilled over 
CaH,. Chromium hexacarbonyl (Pressure Chemicals), naph- 
thalene (Baker), chrlorotrimethylsilane (Petrarch), tetramethyl 
orthocarbonate (Aldrich), boron trifluoride etherate (Alfa), and 
(S)-(+)-phenylglycine (Aldrich) were obtained from commercial 
suppliers and used without further purification. 

The following chemicals were prepared according to literature 
procedure: N,N-dibenzylformamide,' N,N-dimethyl-3-furyl- 
carboxylic acid amide,'* N,N-dimethylcinnamic acid amide,lg 
2-(benzyloxy)-N,N-dimethylacetamide,zo prepared from 2-(ben- 
zy1oxy)acetic acid chloridez1 with HNMe2, N,N-dimethyl-3- 
chlorobenzamide,n prepared from the acid chloride (Aldrich) with 
HNMez, N-acetylmorph~line,~~ prepared from morpholine and 
acetyl chloride (Aldrich), and trimethylacetic formic anh~dride. '~ 

Preparation of Disodium Pentacarbonylchromiurn? 
Na2Cr(CO)5 was prepared by addition of 88 mmol of sodium 
naphthalenide, in -160 mL of THF, to 40 mmol of Cr(CO)G in 

~ ~~ ~ 

(18) Bernardi, F.; Lunazzi, L.; Zanirato, P. Tetrahedron 1377,33,1337. 
(19) Kopecky, J.; Smejkal, J. Chem. Znd. (London)  1966, 1529. 
(20) Van der Stelt, C.; Heus, W. J.; Haasjes, A. Recl. Trau. Chim. 

(21) Manhas, M. S.; Amin, S. G.; Chawla, H. P. S.; Bose, A. K J .  Med. 
Pays-Bas. 1973, 92, 493. 

Chem. 1978, 15, 601. 
(22) Calvert, D. J.; O'Connor, Ch. J. Aust .  J .  Chem. 1979, 32, 337. 
(23) Sowinski, A. F.; Whitesides, G. M. J. Org. Chem. 1979,44, 2369. 
(24) Vliestra, E. J.; Zwikker, J. W.; Nolte, R. 3. M.; Drenth, W. Recl. 

Trau. Chim. Pays-Bas 1982, 101, 460. 
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Synthesis of (Aminocarbene)chromium(O) Complexes 

-240 mL of THF. The Na2Cr(CO), solution was transferred into 
a 500-mL graduated cylinder to estimate ita concentration (in most 
experiments 0.09-0.1 M solutions were used). This solution can 
be stored under argon a t  -20 "C for at  least 2 months without 
any decomposition. For the carbene syntheses aliquots of this 
solutions were transferred via a double-ended needle to the re- 
action vessel. 

General Procedure for the Preparation of the  Amino- 
chromium Carbenes. In a thoroughly dried, 500-mL, round- 
bottomed flask equipped with a magnetic stirring bar, a septum 
inlet, and an argon supply tube was placed 45 mmol of the THF 
solution of the disodium pentacarbonylchromium under argon. 
The solution was cooled to -78 "C, and the amide (22.5 mmol) 
in 50 mL of THF was added, over 2 min, through a double-ended 
needle. The solution was stirred at -78 "C for 0.5 h. The dry 
ice/acetone cooling bath was then removed and replaced by an 
ice/water bath, and stirring was continued for 0.5 h at  0 "C. The 
mixture was cooled to -78 "C and treated with 67.5 mmol (8.6 
mL) of trimethylsilyl chloride (fast addition via a syringe). After 
the solution was stirred at -78 "C for 0.5 h, -70 g of neutral A1203 
was added. The cooling bath was removed, the mixture warmed 
to room temperature, and the solvent removed under a reduced 
pressure on a rotatory evaporator. The residue was dried under 
high vacuum, then crushed in a mortar, and again dried under 
vacuum for a short time to remove all the THF. The yellow brown 
powder was then transferred on the top of a column filled with 
250 g of SOz. Elution with hexane gave all naphthalene. Further 
elution with CH2C12/hexane (1/2) gave the pure chromium 
carbene complex as a yellow solid. 

Pentacarbonyl[ (N,N-dimethylamino)methylene]chro- 
mium (la)? The above procedure was used to produce 627 mg 
(84%) of carbene la from 219 mg (3 mmol) of dimethylformamide, 
6 mmol of Na,Cr(CO),, and 1.15 mL (9 "01) of TMSC1, as yellow 
crystals: mp 68-69 "C (lit.9 69-70 "C); 13C NMR (67 MHz, CDCl,) 
6 46.45,55.33, 217.58, 223.87,265.19. Further spectroscopic data 
are identical with those in ref. 9. A reaction using 10 mmol of 
dimethylformamide gave 1.70 g (68%). 

Pentacarbonyl[ (N,N-dibenzylamino)methylene]chro- 
mium (lb).9 The above procedure using 45 mmol of Na2Cr(CO)5, 
5.06 g (22.5 mmol) of N,N-dibenzylformamide, and 8.6 mL (67.5 
mmol) of TMSCl gave 7.7 g (86%) of yellow powder [elution of 
the carbene with hexane/CH2C12 (3/1)], identical in all respects 
with authentic materiaL9 

Pentacarbonyl[ (N,N-dimethylamino)methylcarbene]- 
chromium The reaction of 261 mg (3 mmol) of N,N- 
dimethylacetamide with 6 mmol of Na2Cr(C0), gave 652 mg 
(83%) of a yellow solid mp 50-51 "C; 'H NMR (270 MHz, CDC13) 

v 2050 (m), 1980 (w), 1935 (s) cm-'. 
Pentacarbonyl[ (N,N-dimethy1amino)phenylcarbenel- 

chromium ( le)?6 The above procedure using 6 mmol of Na2- 
Cr(CO)5 and 450 mg (3 mmol) of N,N-dimethylbenzamide gave 
906 mg (93%) of carbene as yellow crystals: mp 86-87 "C (lit.26 
88 "C); 'H NMR (270 MHz, CDC1,) 6 2.98 (s, 3 NCH,), 3.93 (s, 
3, NCHJ, 6.62-6.65 (m, 2, ArH), 7.06-7.12 (m, 1, ArH), 7.28-7.33 
(m, 2, ArH); 13C NMR (67 MHz, CDC1,) 6 45.85, 51.30, 118.90, 

(m), 1965 (w), 1925 (s) cm-'. 
Pen taca rbony l [  (N,N-dimethylamino)-3-furfuryl- 

carbenelchromium ( I f ) .  The reaction of 417 mg (3 mmol) of 
N,N-dimethyl-3-furylcarboxamide and 6 mmol of Na,Cr(CO), gave 
910 mg (96%) of a yellow powder: mp 74-75 "C; 'H NMR (270 

7.18 (s, 1, ArH), 7.43 (s, 1 ArH); 13C NMR (67 MHz, CDCl,) 6 45.90, 

6 2.70 (s, 3 CH3), 3.32 (9, 3 NCHJ, 3.89 (s, 3, NCHJ; IR (CHC1,) 

125.88, 128.56, 152.98, 217.28, 223.87, 275.58; IR (CHClJ v 2040 

MHz, CDC13) 6 3.23 ( ~ , 3 ,  NCH,), 3.96 ( ~ , 3 ,  NCH,), 6.14 ( ~ , 1  ArH), 

51.27, 106.33, 132.24, 137.77, 143.17, 217.20, 223.70, 267.33. IR 
(CHCl,) Y 2035 (w), 1970 (w), 1930 (s) cm-'. Anal. Calcd for 
Cl2H9NO6Cr: C, 45.73; H, 2.88; N, 4.44. Found: C, 45.65; H, 3.05; 
N, 4.45. 

PentacarbonylI (2-chlorophenyl)(N,N-dimethylamino)- 
carbenelchromium (le). The reaction of 6.4 mmol of Na2Cr- 
(CO), and 591 mg (3.2 mmol) of N,N-dimethyl-2-chlorobenzamide 
gave 693 mg (60%) of a yellow solid: mp 93-94 "C; 'H NMR (270 
MHz, CDC1,) 6 3.09 (5, 3, NCH3), 4.01 (s, 3, NCH,), 6.84-6.88 (m, 

(25) Connor, J. A.; Fischer, E. 0. J .  Chem. SOC. A 1969, 578. 
(26) Fischer, E. 0.; Leupold, M. Chem. Ber. 1972, 105, 599. 
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1, ArH), 7.10-7.16 (m, 1, ArH), 7.29-7.37 (m, 2, ArH); 13C NMR 

129.91, 149.78,216.87, 223.60,272.00; IR (CHC1,) v 2040 (m), 1975 
(m), 1935 (s) cm-'. Anal. Calcd for Cl4HloC1NO5Cr: C, 46.75; 
H, 2.80; C1, 9.86; N, 3.89. Found C, 46.70; H, 3.05; C1, 9.69; N, 
3.91. 

Pentacarbonyl [  (N,N-dimethylamino)  ((benzyloxy)- 
methy1)carbenelchromium (lh). The above procedure using 
6 mmol of Na,Cr(CO), and 580 mg (3 mmol) of (N,N-di- 
methylamino)-2-benzyloxyacetamide gave 640 mg (58%) of a 
yellow solid, which was recrystallized from hexane to give 550 mg 
(50%) of yellow crystals: mp 123-125 "C dec; 'H NMR (270 MHz, 

4.61 (s, 2, OCH,), 7.35 (s, 5, ArH); 13C NMR (67 MHz, CDC1,) 
6 44.30, 52.89, 73.30, 80.41, 127.63, 127.71, 128.03, 136.70, 217.18, 
223.27, 273.19; IR (CHCl,) v 2040 (m), 1975 (m), 1930 (s) cm-'. 
Anal. Calcd for C16H,,N06Cr: C, 52.04; H, 4.09; N, 3.79. Found: 
C, 51.96; H, 4.18; N, 3.82. 

Pentacarbonyl[ (N,N-dimethylamino)(2-phenylvinyl)- 
carbenelchromium (li). The reaction of 3 mmol of NazCr(CO),, 
350 mg (2 mmol) of (E)-N,N-dimethylcinnamic acid amide, and 
0.8 mL (6 mmol) of TMSCl gave 220 mg of orange oil, which 
contained a small amount of an impurity. A second chroma- 
tography through SiO, gave 150 mg (20%) of an orange oil: 'H 

5.83 (d, J = 16.8 Hz, 1, HC=), 7.13 (d, J = 16.8 Hz, HC=), 
7.20-7.43 (m, 5, ArH); 13C NMR (67 MIlz, CDCl,) 6 45.66, 50.99, 
121.08,126.53,127.90,128.80,136.20,137.89,217.49,223.52, 270.93. 
Anal. Calcd for Cl6Hl3NO5Cr: C, 54.71; H, 3.73; N, 3.99. Found: 
C, 54.56; H, 3.81; N, 4.05. 
Pentacarbonyl(methylmorpho1inocarbene)chromium (1 j). 

The reaction of 6 mmol of Na2Cr(CO), and 388 mg (3 mmol) of 
N-acetylmorpholine gave 716 mg (78%) of yellow crystals: mp 
99-102 "C dec; 'H NMR (270 MHz, CDC1,) 6 2.76 (s, 3, CH,), 
3.73-3.83 (m, 2, CH,), 3.85-3.92 (m, 2, CH,), 3.94-4.00 (m, 2, CH,), 
4.40-4.49 (m, 2, CH,); 13C NMR (67 MHz, CDC13) 6 38.80, 51.58, 

1970 (W), 1930 (s) cm-'. Anal. Calcd for C,lH11N06Cr: C, 43.29; 
H, 3.63; N, 4.59. Found C, 43.16; H, 3.69; N, 4.61. 

(N-Methyl-2-azacyclopentylidene)chromium(O) Penta- 
carbonyl (lk). The reaction of 1.19 g (12 mmol) of N- 
methylpyrrolidinone, 24 mmol of Na2Cr(CO)6, and 4.55 mL (36 
mmol) of TMSCl gave 2.9 g (88%) of pale yellow powder after 
recrystallization from hexane to remove a small amount of an 
orange byproduct: mp 66-67 "C; 'H NMR (200 MHz, CDC1,) 
6 1.92 (quint, J = 8 Hz, 2, CH,), 3.35 (t, J = 8 Hz, 2, CH,), 3.68 
(s, 3, NCH,), 3.79 (t, J = 8 Hz, 2, CH,); 13C NMR (67 MHz, CDC13) 
6 20.99, 42.05, 56.43, 62.57, 218.17, 223.12, 266.38; IR (CHC13) v 
2050 (w), 1975 (w), 1930 (s), 1920 (s) cm-'. Anal. Calcd for 
Cld-19N05Cr: C, 43.65; H, 3.30; N, 5.09. Found C, 43.71; H, 3.39; 
N, 5.10. 

(S)-Phe~~ylglycinol.~'  A suspension of 9.9 g (260 mmol) of 
LiAlH4 in 500 mL of THF was treated at 0 OC carefully with small 
portions of (S)-phenylglycine (20 g, 132 mmol). After the addition 
was completed, the mixture was stirred at room temperature for 
1.5 h and then heated at reflux for 15 h. The resulting suspension 
was cooled to 0 "C and 10 mL of water (1 mL per 1 g of LiAlH4), 
10 mL of 15% NaOH (1 mL per 1 g of LiAlH4), and 30 mL of 
water (3 mL per 1 g of LiAlH4) were added successively. The 
orange mixture was heated at reflux for 15 min and then filtered 
through a sintered-glass funnel. The filter cake was rinsed twice 
with 50 mL of THF. Removal of the solvent on a rotatory 
evaporator gave 17.2 g of a yellow, viscous oil. The crude product 
was purified by short-path distillation to give 16.1 g (89%) of a 
slightly yellow oil, which solidifies on standing: mp 74-75 "C (lit.n 
mp 75-78 "C); [.In +31.7" (c 0.82, 1 N HC1) (liLZ7 [.ID +33O (c 
0.75, 1 N HC1); 'H NMR (270 MHz, CDC13) 6 2.45 (br s, 3, OH 
and NH,), 3.53 (dd, J = 8.3 and 10.8 Hz, l), 3.71 (dd, J = 4.2 and 
10.8 Hz, 1),4.02 (dd, J = 4.2 and 8.3 Hz), 7.20-7.35 (m, 5, ArH). 

(5S)-N-Formyl-2f-dimethyl-5-phenyl-1,3-oxazolidine. A 
mixture of 10.73 g (78.2 mmol) of (S)-phenylglycinol and 57 mL 
(780 mmol) of acetone was stirred at  room temperature for 0.5 

(67 MHz, CDCl3) 6 45.59, 50.84, 121.73, 123.42, 127.17, 127.42, 

CDC13) 6 3.30 (9, 3, NCH,), 3.86 (9, 3, NCH,), 4.35 (9, 2, OCHZ), 

NMR (270 MHz, CDC13) 6 3.46 (9, 3, NCH,), 3.91 (9, 3, NCH,), 

61.68,66.83, 67.90, 217.57, 223.38, 273.02; IR (CHClJ v 2040 (w), 

(27) Itsuno, S.; Hirao, A.; Nakahama, S.; Yamazaki, N. J .  Chem. SOC., 
Perkin Trans. I 1983, 1673. Aldrich Catalog Handbook of Fine Chem- 
icals, 1986-1987. 
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h and then diluted with 300 mL of CH2C12. After addition of 30 
g of anhydrous MgS04, stirring was continued for 13.5 h. The 
mixture was filtered and the solvent removed on a rotatory 
evaporator and then in high vacuum for 1 h to give a pale yellow 
liquid; 'H NMR (270 MHz, CDC1,) 6 1.39 (s, 3, CH3), 1.45 (s, 3, 
CH,), 2.25 (br s, 1, NH), 3.62 (t, J = 7.5 Hz, 1, NCH), 4.20 (t, J 
= 7.5 Hz, 1, OCH), 4.45 (t, J = 7.5 Hz, 1, OCH), 7.15-7.45 (m, 
5, ArH). The product contains about 5-10% of the open-chain 
imino alcohol formB ('H NMR 6 1.78 (s, +Me), 2.03 (s, +Me)). 
The equilibrium between the cyclic aminal-form and the open- 
chain imino alcohol form cannot be changed by prolonged stirring 
of the reaction mixture but it is shifted to the open-chain form 
by keeping the crude, solvent-free product a t  room temperature 
for 1-2 days. The imino alcohol eventually crystallks. To prevent 
the formation of open-chain form the above-mentioned oil was 
immediately dissolved in 300 mL of CH2C12 after removal of the 
solvent in vacuo. The flask was flushed with argon and the 
mixture cooled to 0 "C. Triethylamine (13.1 mL, 94 mmol) was 
added dropwise, followed by 12.25 g (94 mmol) of the mixed 
anhydride of pivalic and formic acid. Stirring was continued at  
0" for 30 min and then at  room temperature for 3.5 h. The mixture 
was extracted three times with 0.1 N NaOH, dried over anhydrous 
MgS04, and filtered. The solvent was evaporated on a rotary 
evaporator. Excess NEt3 was removed in high vacuum to give 
16.9 g of a yellow, viscous oil. The crude products contained some 
pivalic acid anhydride ['H NMR (CDC13) 6 1.30 (s)], which could 
be removed by fractional short-path distillation [30 "C (0.07 mm)]. 
The N-formyloxazolidine distilled at  100-105 OC (0.07 mm) as 
a highly viscous, colorless oil: 14.10 g (88%); 'H NMR analysis 
(270 MHz, CDC13) indicated the presence of two rotameric species 
in a -1:l ratio; ["ID +133.2" (c 1, CH2C12); IH NMR (270 MHz, 

(8 ,  3, CH3), 3.94 (dd, J = 5.8 and 9.1 Hz, 1, HCN), 4.04 (dd, J = 
3.4 and 9.1 Hz, 1, HCN), 4.30-4.38 (m, 1 and 1, HCO), 4.89 (dd, 
J = 6.1 and 6.1 Hz, 1, HCO), 5.13 (dd, J = 3.3 and 6.7 Hz, 1, HCO), 
7.18-7.50 (m, 5, ArH), 8.06 (8 ,  1, CHO), 8.32 (s, 1, CHO); IR 
(CHCl,) v 1670 (s) cm-'. Anal. Calcd for C12H15N02: C, 70.22; 
H, 7.37; N, 6.82. Found: C, 69.99; H, 7.29; N, 6.83. 
Pentacarbonyl[ ((55 )-l-aza-2,2-dimethyl-3-oxa-5-phenyl- 

cyclopentyl)methylene]chromium (2). The above-mentioned 
general procedure was used to produce 1.69 g (93%) of a bright 
yellow powder from 9.5 mmol of Na2Cr(CO)5, 975 mg (4.75 mmol) 
of (5S)-N-formyl-2,2-dimethyl-5-phenyl-1,3-oxazolidine (1:l 
mixture of rotamers), and 1.80 mL (14.2 mmol) of TMSCl. Only 
one isomer (rotamer) of the carbene could be detected by 'H NMR 
analysis: mp 2120 OC dec; ["ID +113.2" (c  1, CH2C12); 'H NMR 
(270 MHz, CDCl,) 6 1.50 (s, 3, CH3), 1.68 (s, 3, CH3), 4.16 (dd, 
J = 2.0 and 9.2 Hz, l), 4.58 (dd, J = 6.3 and 9.2 Hz, l), 5.58 (br 
d, J = 6.3 Hz, l), 7.20-7.27 (m, 2, ArH), 7.30-7.43 (m, 3, ArH), 
11.5 (s, 1, HCCr); 13C NMR (67 MHz, CDCl,) 6 26.08,26.59,67.72, 

CDC13) 6 1.61 (5, 3, CH3), 1.67 (s, 3, CH3), 1.70 (9, 3, CH3), 1.77 

Imwinkelried and  Hegedus 

7i.o6,ioi.36,i26.~,i28.32,i29.07,i38.95,2i6.77,223.82,259.25; 
IR (CHC13) v 2045 (w), 1980 (w), 1940 (8) cm-'. Anal. Calcd for 
Cl7Hl5NOBCr: C, 53.55; H, 3.96; N, 3.67. Found C, 53.61; H, 
3.84; N, 3.72. 
Pentacarbonyl(dimethoxycarbene)chromium (3). To an 

ice-cold solution of 1.33 mL (10 mmol) of tetramethyl ortho- 
carbonate in 5 mL of diethyl ether was added dropwise 1.69 mL 
(13.3 mmol) of BF3-OEt2.'6 The resulting white suspension was 
stirred at  room temperature for 15 min, and then the solvent was 
evaporated in vacuo. The white solid was then added to a cold 
(-78 "C) THF solution of Na2Cr(CO)5 (10 mmol, -0.i M) in five 
portions. The mixture was stirred at  -78 "C for 2 h and then at 
room temperature for 3 h. After the addition of 5 g of Si02, the 
solvent was removed in vacuo on a rotatory evaporator and the 
residue put on a column filled with 150 g of Si02. Elution with 
hexane gave in a f i t  fraction all the naphthalene and in a second, 
yellow fraction the dimethoxycarbene as a pale yellow oil (0.51 
g, 19%), which solidified on standing; mp 33-34 "C; 'H NMR (270 
MHz, CDCld 6 4.18 (8); '% NMR (67 MHz, CDCl,) 6 59.50,216.34, 
221.08, 269.11; IR (CHCI,) Y 2060 (w), 1990 (w), 1940 (s) cm-'. 
Anal. Calcd for C8H6O7Cr: C, 36.11; H, 2.27. Found: C, 35.89; 
H, 2.26. 
In a different experiment using naphthalene-free Na2Cr(C0)5B 

(-2.5 mmol), C(OMe)4 (165 pL, 1.25 mmol), and BF3.0Et2 (210 
pL, 1.66 mmol), carbene complex 3 (182 mg, 55%) was obtained. 
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f egis try NO. la, 38893-15-1; lb, 106502-05-0; IC, 112068-79-8; 
Id, 22852-52-4; le, 30971-68-7; lf, 112044-01-6; lg, 112044-02-7; 
lh, 112068-80-1; li, 112044-03-8; lj, 112044-04-9; lk, 112044-05-0; 
2, 112044-06-1; 3,112044-07-2; Na2Cr(CO),, 51233-19-3; Cr(CO)8, 
13007-92-6; Me2C=NCH(Ph)CH20H, 112043-99-9; (5S)-N- 
formyl-2,2-dimethyl-5-phenyl-1,3-oxazolide, 112043-9&8; sodium 
naphthalenide, 3481-12-7; dimethylformamide, 68-12-2; N,N- 
dibenzylformamide, 5464-77-7; N,N-diphenylformamide, 607-00-1; 
N,N-dimethylacetamide, 127-19-5; N,N-dimethylbenzamide, 
611-74-5; N,N-dimethyl-3-furylcarboxamide, 13156-75-7; N,N- 
dimethyl-3-chlorobenazmide, 24167-52-0; N,N-dimethyl-2-(phe- 
nylmethoxy), 41858-11-1; (E,-N,N-dimethylcinnamic acidamide, 
17431-39-9; N-acetylmorpholine, 1696-20-4; N-methyl- 
pyrrolidinone, 872-50-4; (S)-phenylglycine, 2935-35-5; (S)- 
phenylglycinol, 20989-17-7; (5R)-N-formyl-2,2-dimethyl-5- 
phenyl-l,3-oxazolidine, 112044-00-5; tetramethyl orthocarbonate, 
1445-45-0; (5S)-2,2-dimethyl-5-phenyl-1,3-oxazolidene, 112068- 
78-7. 

(28) Compare also the observation oE Saavedra, J. E. J. Org. Chem. 
1985,50, 2379. 

(29) Maher, J. M.; Beatty, R. P.; Cooper, N. J. Organometallics 1985, 
4, 1354. 
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