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A series of pentacarbonyl(2-oxacyclopentylidene)chromium (5a-f) were reacted with N,N- 
dimethylformamide dimethyl acetal (DMF-DMA), resulting in the pentacarbonyl(2-oxa-5- 
[(N,N-dimethylamino)methylidenelcyclopentylidene)chromium (6a-f) and the unexpected 
pentacarbonyl(2-oxa-5-(cyclopropylmethylidene)cyclopentylidene)chromium (7a-d). Open 
chain Fischer type carbene complexes (C0)5Cr=C(OCH3)CH2R1 (la-d) also react easily with 
DMF-DAA (2a-d). When R1 = H, the carbene complex (CO)&r=C(OCH3)CH=CHN(CH3)2 
is formed in high yield; however, when R1= alkyl, the reaction products are dialkoxy complexes 
(CO)5Cr=C(OCH3)0R2 (4a-d), in which the OR2 group comes from the DMF-DAA. The 
mechanisms of the above reactions are elucidated. The cyclopropyl ring present on compounds 
7a-d arises from a contraction of the five membered ring of complexes 5a-d due to  the breaking 
of the bond between the carbene carbon atom and the a-carbon atom. The same mechanism 
explains the formation of dialkoxy complexes 4a-d from complexes lb-d. In  the case of the 
reaction of the complex (CO)&~=C(OCH~)CHZCH~CH~CH~ (Id) with N,N-dimethylformamide 
dineopentyl acetal (2d), the intermediary formation of an enamine derivative has been 
demonstrated. Moreover the reaction of pentacarbonyl(2-oxa-4,4-dimethylcyclopentylidene)- 
chromium (5g) with DMF-DMA (2a) allowed the isolation of 2,2-dimethylcyclopropanecar- 
baldehyde (characterized as the (2,4-dinitrophenyl) hydrazone). 

Introduction 

Fischer type carbene complexes are useful reagents in 
many areas of organic synthesis.ls2 The high thermody- 
namic acidity of hydrogens on the carbon bound to the 
carbene carbon atom3 is one of their peculiar features which 
has been exploited in order to introduce new functionalities 
by means of reactions with electrophilic We 
have already reported the transformation of chromium 
carbene complexes l a  and 5b by means of their reaction 
with N,N-dimethylformamide dimethyl acetal 2a (DMF- 
DMA) under mild experimental conditions into their 
corresponding enamine derivatives 3a and 6b in very good 

(1) Reviews: Dotz, K. H.; Fischer, H.; Hofmann, P.; Kreissl, F. R.; 
Schubert, U.; Weiss, K. Transition Metal Carbene Complexes; Verlag 
Chemie: Berlin, 1984. Dotz, K. H. Angew. Chem., Int. Ed. Engl. 1984, 
23, 587. Hegedus, L. S. Pure Appl. Chem. 1990, 62, 691. Rudler, H.; 
Audovin, H.; Chelain, E.; Denise, B.; Gonmont, R.; Massond, A.; Parlier, 
A.; Pacrean, A.; Rudler, M.; Yefsah, R.; Alvarez, C.; Delgrado-Reyes, F. 
Chem. Soc.Reu. 1991,20,503. Grotjahn, D. B.;Dotz,K. H. Synlett 1991, 
381. 

(2) Miller, J. R.; Pulley, S. R.; Hegedus, L. S.; DeLombaert, S. J .  Am. 
Chem. SOC. 1992,114,5602. Duetsch, M.; Stein, F.; Lackmann, R.; Pohl, 
E.; Herbst-Irmer, R.; de Meijere, A. Chem. Ber. 1992, 125, 2051. Aoki, 
S.; Fujimura, T.; Nakamura, E. J. Am. Chem. SOC. 1992, 114, 2985. 
Grotiahn, D. B.; Kroll, F. E. K.; Schiifer, T.; Harms, K.; Dbtz, K. H. 
Orgrkometallics 1992, 11, 298. 

(3) Gandler, J. R.; Bernasconi, C. F. Orxanometallics 1989,8,2282 and 
references cited therein. 

(4) Wulff, W. D.; Gilbertson, S. R. J .  Am. Chem. SOC. 1985,107, 503. 
Xu, Y. C.; Wulff, W. D. J.  Org. Chem. 1987, 52, 3263. Casey, C. P.; 
Anderson, R. L. J. Organomet. Chem. 1974, 73, C28. Casey, C. P.; 
Brunsvold, W. R. J. Organomet. Chem. 1975, 102, 175. Lattuada, L.; 
Licandro, E.; Maiorana, S.; Papagni, A. Aduances in Metal Carbene 
Complexes; Nato AS1 Series C 269; Kluwer: Dordrecht, The Netherlands, 
1989; p 149. Lattuada, L.; Licandro, E.; Maiorana, S.; Papagni, A. J .  
Chem. SOC., Chem. Commun. 1991, 437. Lattuada, L.; Licandro, E.; 
Maiorana, S.; Papagni, A.; Zanotti-Gerosa, A. Synlett 1992, 315. 

(5) Lattuada, L.; Licandro, E.; Maiorana, S.; Molinari, H.; Papagni, A. 
Organometallics 1991, IO, 807. 
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yields." However, the same reaction performed on com- 
plexes 1 b-d always led to the production of pentacarbonyl- 
(dimethoxycarbene)chromium (4a) (Scheme I). Moreover, 
the reaction of Id with N,N-dimethylformamide dialkyl 
acetals (DMF-DAA, 2b-d) produced pentacarbonyl- 
(dia1koxycarbene)chromium derivatives 4b-d, in which 
the OR2 group is the one present in the starting DMF- 
DAA.6 

The present report provides full details of the synthesis 
of the above complexes and their reactions with DMF- 
DAA. It also describes some new and unexpected results 
when the reaction with DMF-DMA was extended to the 
pentacarbonyl(2-oxacyclopentylidene)chromium com- 
plexes 5a,c-g. In addition, experiments are presented 
which bear on the mechanism of the above reactions. The 
full results have allowed us to draw an almost complete 
picture of the reactivity of carbene complexes 1 and 5 with 
N,N-dimethylformamide dialkyl acetals. 

Results and Discussion 

Complexes 5a-f were synthesized following our previ- 
ously reported p r~cedure .~  In all cases, the reactions of 
5a,c-f with DMF-DMA occurred very smoothly at  room 
temperature and gave the new carbene complexes 6a,c-f 
(Scheme II).' However, in the case of complexes 5a,c,d 
we also observed the formation of variable amounts of 
(cyclopropy1carbene)chromium complexes 7a,c,d, the yield 

0 

(6) Lattuada, L.; Licandro, E.; Maiorana, S.; Papagni, A.; Chiesi-Villa, 
A.; Guastini, G. J. Chem. SOC., Chem. Commun. 1988,1092. 

(7) I t  is noteworthy that the reaction of y-butyrolactone with the very 
reactive tris(dimethy1amino)methane gives the corresponding enamino- 
lactone after 48 h at 75 "(2.8 

(8) Martin, S. F.; Moore, D. R. Tetrahedron Lett. 1976, 4459. 
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Scheme I 

XR 
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3a : XR= OCH3 3b : XR= SPh 
DMF, r.t. 

CH2Rl 

L for 1 b-d 

1 a-f 

l a  : XR= OCH3; R1= H l b  : XR= OCH3; R1= CH3 

1c : XR= OCH3; R1= C2H5 I d  : XR= OCH3; R1= nQH7 

l e  : XR= N(CH3)2; R1= H 11 : XR= SPh; R1= H 

4a : R2= CH3 
4b : R2= C2H5 

R2vR2 
2a : R2= CH3 2c : R2= CH2Ph 

2a-d 

reaching 14% in the case of compound 7d (see Table I). 
By carefully repeating the reaction of 5b with DMF-DMA, 
we were able to isolate the new pentacarbonylchromium 
carbene complex 7b (yield 4%)  as well as 6b, but with 
compounds 5e and 5f no traces of the cyclopropyl 
derivatives were detected, and only the expected enamine 
derivatives 6e,f were isolated. The structure of compounds 
7a-d was based on spectroscopic and analytical data (see 
Tables 1-111). The E stereochemistry of the newly formed 
carbon-carbon double bond was confirmed by the X-ray 
analysis of a single crystal of product 8,9 independently 
synthesized through the reaction of complex 5b with 
cyclopropanecarbaldehyde in the presence of triethylamine 
(Scheme 11, bottom).1° Under the same reaction condi- 
tions, 5a led to the corresponding 7a. 

Although the yields of compounds 7a-d are low, the 
mechanism of their unexpected formation is interesting. 
It is noteworthy that the same substitution pattern of the 
five membered ring in complexes 5a-d is found on the 
cyclopropyl unit in complexes 7a-d; this, together with 
the recovery of Cr(CO)6 from the reaction mixture, is 
consistent with the hypothesis that the cyclopropyl residue 
arises from a ring contraction of the five membered ring 
of complexes 5. In order to explain the formation of a 
cyclopropane derivative during the course of the reaction, 
we propose the mechanism reported in Scheme 111. In 
DMF solution, DMF-DMA is partially dissociated into 
the methoxide ion and the N,N-dimethylimmonium ion 
9; the methoxide ion deprotonates complexes 5 and the 
resulting conjugate bases then react with 9, giving the 
nonisolable intermediates 10. These intermediates can 
eliminate a molecule of methanol to give carbenes 6 (path 
a, Scheme 111). Alternatively, the nucleophilic attack of 
a methoxy group on the electrophilic carbene carbon atom 

(9) We thank Dr. David Williams (Imperial College, London) for his 

(10) Aumann, R.; Heinen, H. Chem. Ber. 1987, 120, 537. 
personal communication. 

Rp= C2H5 2d : Rp= neo-CgH11 

of 10 may encourage the breaking of the bond between the 
carbene carbon and the a-carbon atoms, leading to the 
formation of enamine derivatives 11 (path b, Scheme 111). 
Intramolecular P-alkylation'l then provides the metal acyl 
anion 12 which evolves into Cr(CO)6 as a result of the 
elimination of the methoxide ion. The dimethylimmonium 
ion 13 is formed on the other side. This reacts with the 
starting carbenes 5 and provides the cyclopropylmeth- 
ylidene derivatives 7.13 Support for the formation of 
compounds 7 from 5 and 13 comes from the reaction we 
created between carbene 5b and the "in situ" generated 
aminal of cyclopropanecarbaldehyde by mixing an equimo- 
lar amount of aldehyde, dimethylamine hydrochloride, 
triethylamine, and potassium carbonate in DMF solution 
at room temperature, with the later addition of carbene 
5b. The reaction is very fast, and a 70 % yield of compound 
8 was re~0vered.l~ 

Further support for the mechanism shown in Scheme 
I11 is given by the reaction between the 4,4-dimethyl 
substituted carbene 5g16 and DMF-DMA (Scheme IV). 
Although this reaction apparently does not give any of the 
expected products (i.e., the enamine carbene andlor the 
cyclopropyl derivative), treatment of the reaction solution 
with (2,4-dinitrophenyl)hydrazine does give rise to the 
formation of the (2,4-dinitrophenyl)hydrazone of 2,2- 

~~~~ 

(11) Intermolecular @-alkylation of enamines is a well-known reaction.12 
(12) Cook, G. A. Enamines: Synthesis,structure, and reoctions;Marcel 

Dekker Ltd.: New York, 1969; p 119. 
(13) Compounds 70 and 7d have been isolated as single diastereoisomers 

and, apparently, no traces of other stereoisomers have been detected. 
However, due to the very low yields of compounds 7, we would not make 
any comment about this stereochemical result. 

(14) Lattuada, L.; Licandro, E.; Maiorana, S.; Papagni, A. J. Chem. 
SOC., Chem. Commun. 1991,437. 

(15) This compound has been prepared following a new procedure we 
~~ 

set up recently.'( 

Chem. Soc., Chem. Commun. 1992, 1623. 
(16) Licandro, E.; Maiorana, S.; Papagni, A.; Zanotti-Gerosa, A. J. 
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Scheme I1 

Baldoli et al. 

5a-g 

DMF-DMA 
DMF, r.t. I 

+ 

7a-d k, 

e :  R1 = R 4  = CH3,  R2 = R 3 =  H 

f : R1 = R2 = CH3,  R3 = R 4  = H 

a :  R1 = R2 = R3 = R 4  = H 
b R1 = CH3,  R2 = R3 = R 4 =  H 

C : R1 = C2H5 , R2 = R3 = R 4  = H g : R i  = R2 = H , R3 = R 4  = CH3 
d : R 1  - R q = ( C H 2 ) 4 , R 2 = R 3 = H  

7 a , 8  

8: R1= CH3, R2= R3= R4= H 

Table I. Reaction Yields and Physical Data for ComDounds 6a-f and 7a-d 
mP anal. found (calcd) 

compd yield (a) t / T  mol formula m l e  C H N 

6a 66.5 113' CizHi iCrN06 317 45.78 (45.43) 3.73 (3.47) 4.85 (4.42) 
6b 71 114' C13Hi3CrN06 331 47.57 (47.13) 4.07 (3.95) 4.12 (4.22) 
6c 64 114' C I ~ H I S C ~ N O ~  345 48.57 (48.70) 4.47 (4.38) 4.14 (4.05) 
6d 5 105' C I 6H I 7CrN06 37 1 51.95 (51.75) 4.85 (4.58) 3.65 (3.77) 
6e 42 93' C 14H I sCrNO6 345 48.83 (48.70) 4.37 (4.38) 3.88 (4.05) 
6f 41 129" C I ~ H I J C ~ N O ~  345 48.28 (48.70) 4.29 (4.38) 4.13 (4.05) 
7a 2 91' Ci3H10Cr06 314 50.06 (49.68) 3.34 (3.18) 
7b 4 67b CI sH14Cr06 342 52.91 (52.63) 4.25 (4.09) 
7c 1.5 oil C17Hi8Cr06 370 55.52 (55.13) 5.13 (4.86) 
7d 14 15oE C21H2zCr06 422 58.19 (59.71) 5.58 (5.21) 

a Crystallized from diethyl etherln-pentane at -78 "C. Crystallized from n-pentane at -78 OC. Crystallized from n-pentane. 

dimethylcyclopropanecarbaldehyde (141.l' This experi- 
mental result clearly shows the reasonableness of the 
hypothesis of the formation of a reactive derivative such 
as 13 in Scheme 111. We believe that, in the case of complex 

dehyde analogous to 13 does not react because of steric 
hindrance due to the presence of two methyl groups (on 
5g and on the aldehyde itself). 

It is worth noting that the unexpected behavior of 
5g, a derivative of the 2,2-dimethy1cyc10propanecarba1- complexes !ja-d in the reaction with DMF-DMA 

(17) Julia, M.; Julia, S.; Duchaffaut, J. A. Bull. SOC. Chim. Fr. 1960, is very to the behavior we Observed in the reaction 
1735. of pentacarbonyl(alkoxyalky1carbene)chromiu complex- 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
1,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 A
ug

us
t 1

, 1
99

3 
| d

oi
: 1

0.
10

21
/o

m
00

03
2a

02
3



Cr Carbene Reactions with DMF-Dialkyl Acetals Organometallics, Vol. 12, No. 8, 1993 2991 

Table 11. ‘H NMR Data for Compounds 6a,c-f and 7a-d 
‘H NMR 

compd 6, PPm 
6a 2.9 (t, 2H, Juic = 9 Hz, CFCCCH~CH~O-),  3.3 [s, 6H, -N(CH3)2], 4.65 (t, 2H, 

Jujc = 9 Hz, CFCCCH~CH~O-), 7.9 [s, lH,  =CH--N(CH3)2] 

-OCHCH2CH3), 2.45 [dd, lH, J p m  = 13.5 Hz, Jvjc = 6 Hz, CFCCC(H)HCHO-], 
2.95 [dd, lH,  J p m  = 13.5 Hz, Juic = 9 Hz, CFCCCH(H)CHO-], 3.30 

6c 1 .OO (t, 3H, Juic = 6 Hz, -OCHCH2CH3), 1.65 (quintet, 2H, J:ic = J”u,c = 6 Hz, 

[s,6H,-N(CH&], 4.80 (m, lH,  CFCCH~CHO-), 7.80 [s, lH,=CH-N(CH3)2] 

(m, lH, C d C C H C H O - ) ,  7.97 [s, lH, =CH--N(CH3)2] 

Cr=CCCHCH(CH3)O-], 2.65 (m, lH ,  CFCCCHCHO-), 3.3 [s, 6H, -N(CH3)2], 

=CH--N(CH3)21 

6d 1.20-2.5 (m, 9H, CFCCCHCHO- + cyclohexyl), 3.25 [s, 6H, -N(CH3)2], 3.75 

6e 1.05 [d, 3H, Jvic = 7.5 Hz, CdCCH(CH3)CHO-] ,  1.25 [d, 3H, Jujc = 7.5 Hz, 

4.6 (dq, lH, Jkjc = 2.5 Hz, J’\jc = 7.5 Hz, C d C C H C H O - ) ,  7.9 [s, lH,  

6f 1.45 [s, 6H, CFCCCH~C(CH~)~O-],  2.70 (s, 2H, C d C C H 2 C O - ) ,  3.25 [s, 6H, 
-N(CH3)2], 7.8 [s, lH, =CH-N(CH3)2] 

l a  0.98 (dt, 2H, Jgem = JLic = 12 Hz, J’:ic = 4.5 Hz, -CH2-, cyclopropyl), 1.28 (dt, 
2H, Jpm = JLiC = 12 Hz, J”uic = 3 Hz, -CH2-, cyclopropyl), 1.64 (m, lH, 

11.3 Hz, JallYlic = 3 Hz, Cr==CC=CH-cyclopropyl) 

Cr=CCCH2CH(CH3)0-], 0.9-1.7 (m, 4H, cyclopropyl), 2.3 [m, lH, 
Cr=CCC(H)HCHO-], 2.9 [m, lH, Cr=CCCH(H)CHO-], 5.15 (m, lH, 
Cr=CCCHzCHO-), 6.7 (d, lH, Jaiiyiic = 2.4 Hz, Juic = 10 Hz, 
Cr=CC=CH-cyclopropy I) 

15.8 Hz, Jute = 6 Hz, Jallylic = 2.4 Hz, CFCCC(H)HCHO-], 2.80 [ddd, lH,  Jpm 
15.8 Hz, Juic = 8.8 Hz, Jailylic = 2.4 Hz, Cr=CCCH(H)CHO-1, 5.05 (m, lH, 
OCHCHs), 6.7 (dt, lH,  Juic = 10.3 Hz, Jallylic = 2.4 Hz, Cr=CC=CH-cyclopropyl) 

1.1-2.5 (m, 20H, cyclohexyl, cyclopropyl, CFCCCHCHO-), 3.92 (dt, lH,  Jd,  = 

Cr=CC=CHCH-, cyclopropyl), 2.79 (dt, 2H, Juic = 9 Hz, Jauylic 
CPCCCH~CH~O-), 4.91 (t, 2H, Jujc = 9 Hz, C d C C H 2 C H 2 0 - ) ,  6.75 (dt, Jujc = 

3 Hz, 

lb 1.2 (d, 3H, Jufc = 5 Hz, -CHCH3, cyclopropyl), 1.5 [d, 3H, Juic = 6 Hz, 

7c 1.0-1.90 (m, 14H, -CH2CH3, -CH2CH3, cyclopropyl), 2.33 [ddd, lH, Jpm = 

l d  
3.9 Hz, Jt” = J’t,,, = 12.2 Hz, CFCCCHCHO-), 6.57 (dd, lH, Juic = 11.5 Hz, 
Jallylic = 3 Hz, Cr==CC=CH-cyclopropyl) 

Table 111. IR Swctral Data for Complexes 6a-f and 7a-d 
complex v, cm-I (Nujol) 

6a 2050, 1975, 1945 (broad), 1620 
6c 2060, 1980, 1950 (broad), 1630 
6d 2050, 1975, 1940 (broad), 1620 
6e 2050,1980, 1940 (broad), 1620 
6f 2050, 1980, 1950 (broad), 1639 
7a 2050, 1980, 1950 (broad), 1630 
lb 2040,1975, 1945 (broad), 1625 
l c  2055,1980, 1950 (broad), 1630 
’Id 2070,2000, 1955 (broad), 1635 

es lb-d with DMF-DAA 2a-d, where the formation of 
pentacarbonyl(dialkoxycarbene)chromium derivatives 4a-d 
occurred in fair to good yields (Scheme I).6 Also in this 
case, we propose a mechanism in which the formation of 
an enamine is involved. 

As shown in Scheme V, complexes la-d react with DMF- 
DAA 2a-d to give the intermediate adducts 15 which, in 
the case of carbene la (R1 = H), evolve to the enamine 
derivative 3a through the elimination of a molecule of 
alcohol RzOH (path a, Scheme V). As already reported,6 
X-ray analysis of a single crystal of compound 3a shows 
the E configuration of the carbon-carbon double bond. 
We cannot exclude the formation of the 2 isomer; however, 
possible isomerization into the thermodynamically more 
stable E isomer could take place through the addition- 
elimination of methanol to the double bond during the 
course of the reaction.1° 

On the contrary, all of the carbenes lb-d produce a 
different reaction product, namely the pentacarbonyl- 
(dialkoxycarbene)chromium complexes (4a-d). To ex- 
plain the formation of these compounds, we can once again 
hypothesize the nucleophilic attack of an alkoxy group on 
the electrophilic carbene carbon atom of 15, with cleavage 
of the bond between the carbene carbon atom and the 
a-carbon and the formation of nonisolated enamine 
derivatives 16 (path b, Scheme V). However when RI = 

n-C3H, (complex Id), it was possible to trap the corre- 
sponding enamine as a mixture of the cycloadducts 17 
and 18, by running the reaction of Id with the N,N- 
dimethylformamide dineopentyl acetal 2d in the presence 
of p-nitrophenyl azide (Scheme V). Compound 17 was 
then oxidized to triazoline 18 by means of the exposure 
of an ethereal solution of 17 to air and sunlight (see 
Experimental Section). Compound 18, not previously 
reported in the literature, was finally identified by means 
of a comparison with an authentic sample idependently 
synthesized following a procedure reported for analogous 
compounds (see Experimental Section).18 

The difference in behavior between carbenes lb-d and 
la may be attributable to a steric hindrance due to the 
presence of the alkyl chain on the a-carbon atom pre- 
venting access to the hydrogen atom of the same carbon 
and enabling the formation of dialkoxycarbene complexes 
4a-d from intermediates 15. 

The fact that it has been possible to explain and show 
the formation of both compounds 4 and the enamine 16 
in the above reactions in a satisfactory manner strongly 
supports the formation of the enamine intermediate 11 
from carbenes 5 (Scheme 111). In this case, 11 is probably 
not trapped because the intramolecular /3-alkylation that 
forms the cyclopropane ring is the favored process. 

The reaction with DMF-DMA was extended tocarbenes 
le and If, in which a different heteroatom is present, 
respectively nitrogen and sulfur (Scheme I). The ami- 
nocarbene complex le did not react a t  all with 2a even 
after heating at 100 “C in DMF solution for several hours. 
Probably, the methoxide ion is not a sufficient base to 
deprotonate the less acidic aminocarbene le and, therefore, 
the corresponding conjugate base cannot be formed under 
these reaction conditions. On the contrary, If  reacted 

~ ~~ 

(18) Stradi, S.; Pocar, D.; Bianchetti, G. Org. Magn. Reson. 1972,4, 
248. 
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+ 

path a 

k;2 R3 

R4 

7 

5!3 

Baldoli et al. 

Scheme I11 

I H 

9 

5 

L 11 C(CH,), 

13 

Scheme IV 

- C H 3 0  

CH,O' I 
2a 1 

1) 2a, DMF, r.t. r--=-7 

with DMF-DMA very quickly in mild conditions to give 
the complex 3b. 

Finally, we would like to draw particular attention to 
the high-field resonance in the I3C NMR spectra for the 
carbene carbon atom of enamine carbene complexes 3a, 
3b, 6a, and 6b (Table IV). This reflects the lower 
electrophilic character of the carbene carbon atom as a 
consequence of the additional stabilization of the molecule 

due to the .rr-donor ability of the nitrogen atom, which 
increases the number of resonance structures. 

Conclusion 
Fischer type carbene complexes 1 and 5 react smoothly 

with the Nfl-dimethylformamide dialkyl acetals, the 
nature of the reaction products depending on the structure 
of the starting complexes. In the case of pentacarbonyl- 
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Scheme V 

I 1 a-d 

I 

1 

path b 1 

17 

1 air, sunlight 

Table IV. W NMR Data for Complexes la, If, 3a, 3b, Sa, 
5b. 6a, 6b 

~~ ~ 

CM-CO 

complex Ccarknc trans cis all other C atoms 

l a  362.3 223.6 217.6 67.2,49.1 
If 367.3 227.5 216.2 136.5, 131.8, 130.6, 130.0, 

3a 288.5 224.0 219.5 169.5, 109.5, 58.5,45.5 
3b 272.4 224.7 219.1 163.8, 135.5, 129.5, 129.4, 

Sa 342.7 223.3 216.4 85.4,60.7, 27.8 
Sb 340.2 223.4 216.4 95.9,60.9, 28.1, 20.5 
6a 284.8 223.8 219.1 162.2, 125.5, 78.2, 47.8 
6b 283.8 223.8 219.2 162.2, 125.2, 86.9, 47.0, 

47.3 

120.4,46.8, 37.9 

38.0, 33.6, 22.1 

(alkoxyalky1carbenes)chromium la-d, the reaction with 
2a-d can take two different routes, depending on the 
nature of the R1 group; when R1 = H, the expected complex 
3a is obtained, but when R1 = alkyl, a striking result is 
obtained: the formation of dialkoxy complexes 4. This 
latter reaction represents a new and general method for 
the synthesis of complexes 4,19 which can be regarded as 
analogs of dialkyl carbonates; studies of their reactivity 
are now under investigation in our laboratory. 

On the other hand, from the cyclic carbene complexes 
5a-d a mixture of enamine complexes 6a-d and cyclo- 
propyl complexes 7a-d are obtained. 

(19) Only two papers have reported the synthesis of complex 4a,20 
obtained however through completely different methods. 

(20) Fischer, E. 0.; Schemer, K.; Kreissl, F. R. J.  Organomet. Chem. 
1976,118, C33. Imwinkelried, R.; Hegedus, L. S. Organometallics 1988, 
7, 702. 

path a 
R1 = H  

- R20H 

N(CH3)2 

3a 

We have shown that both complexes 4 and 7 originate 
from the attack of an alkoxy group on the electrophilic 
carbene carbon of intermediates 15 (Scheme V) and 11 
(Scheme 1111, formed from the reaction of the a-anions of 
the carbene complexes 1 and 5 with DMF-DAA. The 
nucleophilic attack promotes the fission of the bond 
between the carbene carbon and the a-carbon atom. To 
the best of our knowledge, this behavior is unprecedented 
in the chemistry of Fischer type carbene complexes. 

Experimental Section 

General Comments. All melting points were obtained with 
a Biichi apparatus and are uncorrected. Spectroscopic mea- 
surements utilized the following instrumentation: lH NMR, 
Varian EM 390 (90 MHz), XL 200 (200 MHz); 13C NMR, Varian 
XL 200, 300 (200, 300 MHz). Chemical shifts are reported in b 
(Mersi as internal standard with a Varian EM 390 instrument, 
CDC13 in all other cases). IR spectra were recorded on a Perkin- 
Elmer 298 spectrophotometer. Mass spectra were taken with a 
Varian MAT 311-A spectrophotometer equipped with a combined 
EI-FI-FD ion source. All chromatographic purifications were 
accomplished by flash column chromatography with silica gel 60 
(230-400 mesh). All samples were filtered on Millex-SR 0.5-wm 
filters (Millipore Waters) before NMR measurements. 

Materials. Dimethylformamide used for reactions was dried 
by filtration on an pad just before use. Pentacarbonyl- 
(2-oxacyclopentylidene)chromium compounds 5a-f were syn- 
thesized according to our previous reported proced~re .~  Pen- 
tacarbonyl(4,4-dimethyl-2-oxacyclopentylidene)chromium (5g) 
was synthesized through a new procedure we published recently.16 
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3000 

Complexes la-f are known compounds: la,21 lb,z2 lc,23 ld,24 
le,26 lf.21 The synthesis of compounds 4a-c has already been 
reportedS6 

General Procedure for the  Reaction between Complexes 
5a-f and DMF-DMA (2a): Synthesis of Pentacarbonyl(2- 
oxacyclopentylidene)chromium(O) 6a-f and 7a-d. To a 
solution of 5a-f (3 mmol) in anhydrous DMF (10 mL) was added 
the N,N-dimethylformamide dimethyl acetal (3 mmol). The 
reaction was allowed to proceed at 20 "C under argon, until the 
complete disappearance of 5a-f (TLC analyses on silica gel; 
eluent, petroleum etheridiethyl ether 1:l). The mixture was then 
diluted with water (100 mL) and extracted with diethyl ether (3 
x 100mL). The ethereallayer was dried (Na2S04) and evaporated 
under reduced pressure. The products were separated by flash 
column chromatography on silica gel (eluent, petroleum ether/ 
diethyl ether 4:l) and purified by crystallization, as indicated in 
Table I. 

Condensation of Cyclopropanecarbaldehyde with Com- 
plexes 5a,b: Synthesis of Compounds 7a and 8. To asolution 
of complexes 5a,b (1 mmol), in diethyl ether (20 mL), was added 
at  room temperature a solution of cyclopropanecarbaldehyde (1 
mmol) and triethylamine (0,4 mL) in 10 mL of diethyl ether. The 
mixture was allowed to react at  the same temperature for 24 h. 
The solvent was distilled off, and the crude reaction mixture was 
taken up with diethyl ether. The insoluble residue was filtered 
off and the solvent removed under reduced pressure. 7a (0.223 
g, 90%) and 0.24 g of 8 (70%) were recovered by crystallization 
of the residue from n-pentane at -78 "C. 

Data for 7a: red crystals, mp 88-89 "C; IR (Nujol) (cm-') 2030 
u(CO), 2000 v(CO), 1960-1870 (broad) u(CO), 1635 v(C=C); lH 

Hz, CHz, cyclopropyl), 1.28 (dt, J ~ c  = 3 Hz, J,,, = 12 Hz, CHZ, 
cyclopropyl), 1.64 (m, lH ,  CH, cyclopropyl), 2.79 (dt, 2H, Jdylic 
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NMR (200 MHz, CDC13) 6 0.98 (dt, 2H, Juic = 4.5 Hz, Jgem = 12 

= 3 Hz, Juic = 9 Hz, CFCCCH~CHZO-), 4.91 (t, 2H, Juic = 9 Hz, 
CFC-CCHZCH~O-), 6.75 (dt, lH, J d y l i c  = 3 Hz, Juic = 11.3 Hz, 
Cr=CC=CH-cyclopropyl). 

Data for 8: red crystals, mp 71-73 "C; IR (Nujol) (cm-l) 2060 
v(CO), 1980-1889 (broad) v(CO), 1625 u(C=C); 'H NMR (200 
MHz, CDC13) 6 0.8-1.0 (m, 2H, CH2 cyclopropyl), 1.1-1.3 (m, 2H, 
CH2, cyclopropyl), 1.4-1.65 (m, lH,  CH, cyclopropyl), 1.5 [d, 3H, 
Juic = 6 Hz, CFCCCH~CH(CH~)O-], 2.25 [ddd, 1H, JayLC = 2.5 
Hz, Juic = 6 Hz, J,,, = 15 Hz, CFCCCH(H)CHO-], 2.90 [ddd, 
lH, Jdyuc = 2.5 Hz, Juic = 9 Hz, Jgem = 15 Hz, CFCCC(H)- 
HCHO-],5.15 (m, lH,  CFCCH~CH-O), 6.65 (dt, lH ,  Jdylic = 
2.5 Hz, Juic = 10 Hz, Cr=CC=CH-cyclopropyl); MS mie 328 
(M+). Anal. Calcd for Cl4HlZCr06: C, 51.22; H, 3.93. Found: 
C, 50.90; H, 3.68. 

Reaction of 5g with DMF-DMA (2a): Isolation of the  
(2,4-Dinitrophenyl) hydrazone of 29-Dimethylcyclopropan- 
ecarbaldehyde 14. To a dimethylformamide solution (3 mL) 
of 5g (1 mmol) was added at  room temperature DMF-DMA (1 
mmol). The mixture was allowed toreact at  the same temperature 
for 72 h (during this time Cr(CO)s separated from the reaction 
mixture). The Cr(CO)e formed was filtered off and the solution 
treated with a 1 % aqueous solution of (2,4-dinitrophenyl)- 
hydrazine and extracted two times with 50 mL of dichlo- 
romethane. The organic layer was dried over Na2SO4 and the 
solvent evaporated under reduced pressure. The residue was 
purified by flash chromatography yielding 17 mg (6%) of 14 as 
an orange solid, crystallized from CHC13/MeOH: mp 163-165 
"C (lit." 166-168 "C); IR (Nujol), (cm-') 3285 u(NH), 1623 v- 
(C=N); lH NMR (80 MHz, CDCl3) 6 1.0 (m, 2H, cyclopropyl), 
1.26 (s, 6H, 2CH3), 1.64 (m, lH ,  CH, cyclopropyl), 7.25 (d, lH,  
Juic = 7.7 Hz, -N=CH-), 7.90 (d, lH,  arom, Jodo = 10.3 Hz), 8.26 
(dd, lH,  arom, Jmet, = 2.6 Hz,Jortho = 10.3 Hz), 9.09 (d, lH,  arom, 

(21) Lam, C. T.; Malkiewich, C. D.; Senoff, C. V. Inorg. Synth. 1977, 

(22) Fischer, E. 0.; Fischer, H. Chem. Ber. 1974, 107, 657. 
(23) Fischer, E. 0.; Plabst, D. Chem. Ber. 1974, 107, 3326. 
(24) Yamashita, A. (Upjohn). Eur. Pat. Appl. EP, 146, 348, June 26, 

(25) Connor, J. A.; Fischer, E. 0. J. Chem. SOC. A 1969, 578. 

17, 95. 

1986. 

Baldoli et al. 

Jmeta = 2.6 Hz), 11.0 (bs, lH, NH); MS m/e 278 (M+). Anal. 
Calcd for C12H14N404: C, 51.79; H, 5.04; N, 20.14. Found: C, 
51.65; H, 5.11; N, 19.28. 

Reaction of Id with Dimethylformamide Dineopentyl 
Acetal (2d): Synthesis of 4d and  Isolation of the (p 
Nitrophenyl)-4-n-propyl-5-(dimethylamino)-A2-1,2,3-triaz- 
oline 18. To a solution of Id (3.5 mmol) in anhydrous DMF (10 
mL) was added NJV-dimethylformamide dineopentyl acetal (36 
mmol). After 4 h at  room temperature p-nitrophenyl azide (3.5 
mmol) was added. The mixture was allowed to react a further 
1 h and was then diluted with water and extracted with diethyl 
ether (2 x 100 mL). The ethereal layer was dried over NazSOI 
and evaporated under reduced pressure. The residue was purified 
by flash chromatography (eluents, petroleum ether/CH~Clz 8:2, 
petroleum ether/CHzClz 1:1, and CH2C12). 

Three fractions were recovered: 0.61 g of complex 4d (56%), 
0.132 g of complex 17 (8%), and0.427 g of compound 18 (46%). 
Data for 18: mp 105 "C (ethanol); IR (Nujol) (cm-') 1590 u- 
(N=N); 'H NMR (90 MHz, CDCl3) 6 0.9-1.8 (m, 7H, n-propyl), 
2.15 [s, 6H, -N(CH3)2], 4.4-4.6 (m, 2H, CH-CH), 7.41 (d, 2H, 
arom, Jodo = 9 Hz), 8.15 (d, 2H, arom, J o d o  = 9 Hz); 13C NMR 
(300 MHz) 6 145.92 (=C-NN=N), 142.71 (-C--NOz), 125.63 
(-C-C-NOz), 114.85 (-C-C--C-NOz), 78.05 [(CH&N-CHl, 
74.95 [(CH3)2N-CH-CHl, 37.76 [(CH&N-], 34.58 (-CH2- 
CHz--CH3), 18.89 (CH2-CH24H3), 13.89 (-CHZ%H~-CH~). 
Anal. Calcd for C13H&02: C, 56.30; H, 6.90; N, 25.25. Found: 
C, 56.71; H, 7.21; N, 25.15. 

Compound 17, dissolved in lOmL of diethyl ether, wasoxidized 
with air in the presence of sunlight for 5 h. The solution was 
filtered over a pad of Celite and the solvent evaporated under 
reduced pressure. The residue was purified by flash column 
chromatography (eluent, diethyl ether/petroleum ether l:l), 
yielding 19 mg of 18 (25%). 

Synthesis of l-(pNitrophenyl)-4-n-propyl-5-(dimethyl- 
amino)-A2-l,2,3-triazoline (18). To a solution of l-(N,Z?- 
dimethylamino)-1-pentene in chloroform (20 mL) [prepared in 
situ from pentanal (18 mmol), dimethylamine hydrochloride (39.3 
mmol), and triethylamine (39.8 mmol)] was addedp-nitrophenyl 
azide (9.4 mmol). The mixture was stirred at  room temperature 
for 24 h and filtered and the solvent removed under reduced 
pressure. The residue was purified by flash column chroma- 
tography (eluent, diethyl ether/petroleum ether l:l), yield 0.52 
g of 18 (20%). Mp: 105 "C (ethanol). 

IR (Nujol) (cm-I): 1590 u(N=N). lH NMR (90 MHz, CDCl3): 
6 0.9-1.8 (m, 7H, n-propyl), 2.15 [s, 6H, -N(CH&], 4.4-4.6 (m, 
2H, -CH-CH-), 7.41 (d, 2H, arom, J o d o  = 9 Hz), 8.15 (d, 2H, 
arom, J o d o  = 9 Hz). Anal. Calcd for C13H19N602: C, 56.30; H, 
6.90; N, 25.25. Found: C, 56.43; H, 7.01; N, 25.35. 

Reaction of If with DMF-DMA. The reaction was per- 
formed by following the procedure already reported by us.6 To 
a solution of If (1 mmol) in anhydrous DMF (15 mL) was added 
N&-dimethylformamide dimethyl acetal (1 mmol) at  room 
temperature. The reaction was allowed to react at  the same 
temperature until disappearance of the starting carbene (TLC 
analyses on silica gel; eluent, diethyl ether/petroleum ether 1:l). 
The reaction mixture was diluted with water (50 mL), extracted 
four times with 50 mL of diethyl ether, and dried over NaZSOd. 
The solvent was distilled off under reduced pressure and the 
residue purified by flash chromatography (eluent, diethyl ether/ 
petroleum ether l : l) ,  yielding0.17 gof3b (26%) as theEisomer. 

Data for 3b: orange crystals, dec 120 "C; IR (Nujol) (cm-l) 
2050 u(CO), 1980-1900 (broad) u(CO), 1610 u(C=C); 1H NMR 

[d, lH, Jk, = 12 Hz, Cr=CCH=CH--N(CH&1,7.35 (m, 5H, 

m/e 383 (M+). Anal. Calcd for Cl&Il&rNO~S: C, 50.08; H, 3.39; 
N, 3.65. Found: C, 51.62; H, 3.66; N, 3.11. 

(80 MHz, CDC13) 6 2.75 (9, 3H, NCHs), 3.33 (8 ,  3H, NCH3), 6.33 

Ph), 7.93 [d, lH,  Jt,, = 12 Hz, CFCCH=CH-N(CH~)~]; MS 
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