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Summary

Primary amines react with § variety of cationic and neutral iron iso-
cyanide complexes to yield structural and rotational diaminoearbené isomers
characterized by variable temperature T4 and 13¢c NMR spectra. tructural
isomers result from the conversion of amines to isocyanide ligands via
the base-catalyzed nucleophilic attack of initially formed diaminccarbenes
on cis isocyanides. Although rotational barriers are insensitive to variation
of metal and carbene substituents, the effect on isomer populations is often
marked. Factors influencing structural and rotational isomeric preferences

are discussed.

INTRODUCTION

The nuc]ebphilic reaction of primary amines with coordinated isocyanides
to yield diaminocarbenes has been reported for a variety of transition metal
systems.]?2 Carbene complexes of this type are often characterized by
restricted rotation about carbon-nitrogen bonds,resulting in rotational
isomerism when nitrdgen substituents are nonequiva‘xent.3’4’5 Little is
known, howevér, of the factors influencing rotational barriers or preferred
rotamerTCbnfigurations.

‘In the present study we have investigated the reaction of priméry

amin_’es with iquyanide complexes: of the. form ns-C5H5Fe(CO)(X) (CNR) where



}X -»CN, CHR,, or PR3 ThlS system appeared to us toroffer a w]de var1ety
jof ster1c, electronxc,and potentlally stereose!ectlve env1ronnents*1n wh1ch
tto study d1amwnocarbene fbrmat1on and 1ts rotational character1st1cs. ATso,
the presence of cis 1socyan1des 1n comp]exes where X CNR presented the
poss1b111ty of am1ne add1t10n to both 11gands to- form che]ated spec1es.
Th1s phenomenon has been observed in a number of octahedral meta] complexes] 6,7
confalnlng cis 1socyan1des and was also shown to resu]t 1n the convers1on
of pr1mary amines to coord1nated 1socyan1des when revers1ble ring open1ng
and c]os1ng occurred 8

~ The only previous ‘work with this system was the report by Ange]1c1 that
methylam1nerreacts with the cationic species nd-CgHgFe(C0)(CNMe),* and
7n5;c5H5fe(C0)(Pﬁh3)(CNMe)+ to form monodentate dimethy]aminocarbenes.5
Despite the presence of gjg,isocyanides'in the formar complex, chelated

preducts were not observed.

'RESULTS AND DISCUSSION

Diaminocarbene fcrmation and amine to isocyanide conversion in bis-

isocyanide compiexes

- Primary amines reacted with cyclopentadienyl and indenyl iron complexes
containing equivelent cis isocyanide ligands to yield species having a
single diaminocarbene moiety:

+ R'NH, +
CpFe(CO)(CHR), : CpFe (€O) (CNR) [C(NHR) (NHR')]

Reaction rates dependedrprimarilyron the identity of the amine and decreased
markedly in the sequence MeNH2>EtNH2>>i?PrNH2>>t-BuNH2. Using an_excess of
amine at room temperature,breactions of bisisocyanides were 90% complete in
one to four hours forrmethylamine and ethylamine additionrwhile isoprobylamine
requtred rearly two hundred hours and .ertbuty]amlne necessitated ref]ux1ng
reaction mixtures for more than five hundred hours. Reactions’ were monitored
by infrared spectra which showed a decrease in the,carbonyivstretching fre-

quency of nearly 50 am1, reietiVe to bisisocyanide complexes; and the loss -



CTABLE 1
" INFRARED SPECTRA IN C=0 AND C=N STRETCHING REGIONS

Compound O M(E0) o(CM)? o(CRR)A
nJ-CgHgFe(CO) (CN) [C(NHMe),] | 1957 2082
nS-CgHgFe(C0) (CN)[C(NHMe) (NHEE)] 1957 2081
n9-CgHgFe(€0) (CN) [C(NHMe) (NHn-Pr)] 1957 2082
n9-CgHgFe(C0){CN) [C(NHMe ) (NHi-Pr)] 1958 2082
n5-CgHgFe(C0) (PHeg) [C(NHMe),T* 1083

n5-CgHgFe (C0) (PMeg) [C(NHMe) (NHEE) T+ 1942

n3-CgHgFe (C0) (PPhy) [C(NHMe) ,1F 1958

n5-CgHgFe(C0) (PPh;)[C(NHMe) (NHEE) T* 1958

n9-CgHgFe(€0) (PPhg) [C(NHMe } (NHi-Pr)T* 1959

n5-CgHgFe(CO) (CNMe[C(NHMe) 1 1978 2197
n°-CgHgFe(C0) (CMe) [C(NHMe) (NHEL) T+ 1978 2195
n5-C5HgFe(CO) (CNMe) [C(NHMe) (NHi-Pr) T 1976 2195
n5-CgHgFe(C0) (CNEL) [C(NHMe) (NHEL) T* 1976 2183
nS-CgHgFe(CO) (CNE)[C{NHEL), 1 1976 2182
n-CgHgFe(C0) {CNi-Pr)[C(NHMe), T+ 1976 2173
n5-CHFe(C0) (CNi-Pr)[C(NHMe) (NHi-Pr)T* 1976 217
n>-CgHgFe(CO) (CNi-Pr)[C(NHi-Pr),T* 1977 2172
n°~CgHgFe (CO) { CNt-Bu)[C(NHMe) 21" 1976 2164
n°-CgHyFe(CO){ CHMe) [C(NHMe) 1+ 1974 2191
n5-CgHyFe(CO) (CNMe) [C(NHMe) (NHEL) T 1976 - 2190
n5-c9H7Fe(c0)(cnne_)[c(nﬁne)(Nni-Pr)]+ 1976 2194
n5-CgHyFe(C0) (CNEt) [C{NHMe) (NHEL)TF 1975 2180
n2-CgHyFe(CO) (CNi-Pr)[C(NHMe)> T 1976 | 2172
n9-CgH,Fe(CO) (CNE-Bu) [CNHMe),T* 1976 2158

4spectra recorded in CH013.



‘9z
‘of one of tﬁé isbcyanidé:stfeidh%ng ba;dsﬁ(Table 11.[ Re;;tibnihfpddﬁté_ﬂere-
identified by "H and 13¢ NMR spectra which, when accompanied by decoupling
expei‘ir:iie‘ri‘tsi;and tenpéir-ja'tq}é:'{a}f&ﬁidﬁ, penm tted characterization of 'speéi fic
isomers,':ChémﬁcailShi%t§ and §E1ittings fdt éll»dfvthéldiam{nocarbehé édﬁhigxes
are reported in Tables 2 and 3. L f

‘In addition to inclusion in a diaminocarbene, we found that primary
aminés vere converted to isocyanides inA;hissystem when' reacted with
gjginethyl isocyanide comp]exeé. " The resulting compounds are structural
isomers of the initially formed diaminocarbenes, in,that a dimethylaminocarbene

is also formed:

CpFe(C0){CMe) CpFle(CO) (CNR)

+
MeHN-~ " “NHR HeHN’¢i§\NHMe

Evidence for the additional carbene complex can be found in both 14 and 13¢
NMR spectra. In particular, 13¢ spectra of reaction mixtures show additiconal

(Continued on p. 97)

TABLE 2
PROTON NUCLEAR MAGNETIC RESONANCE DATA?

Compound Diamfnocarbeneb Other Ligands
CpFe(C0) (CN) [C(NHMe),,] 3.16 d (4.4) NCHg 4.60s Cp
e 2.90 d (4.9) NCH,
CoFe(C0) (CN) [C(NHMe) (NHEL) ] 370m ' NGi~ B 4.60s Cp
. . . m . § -
3.13 d (4.6) NCH% A
2.90 d (4.9) NCH3 B
1.22 t (7.3) CCH} A.B
CpFe(€0) (CN) [C{NHMe ) (NHn-Pr)] 3.56 m NCH,- B 4.61s Cp
) 3.1em ‘NCH2- A 4.59 s Cp
: 312 d (4.5). NCH§ A B
2.91 d (4.9) NCH3 B
1.59m . CCHy A,B
0.97-t,(sf7§ CCHgy e
0.95 t (6.7) ccujy AB - 7
CpFe(CO) (CN)[C(NHMe) (NHi-Pr)]  4.25m CNCH: AR 4.61s Cp .
: 3.13 4 24.5) NCHy A’ -
- 2.88 d (4.9) NCH B*
1.28 d (6.8) CCH3, ,
- 1.24 d (6.8) ccHy! AsB
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f'TABLE 2 (cont.)

ﬁ,CpFe(Cb)(PMe3)[C(NHMe)2]+

3.25 d {4.4) NCH, 5.04 dg Cp
2.92 d (4.9) NCH3 1.58 d© PMe,
CpFe(C0) (PMe ;) [C(NHMe) (NHEE) T 3.80 m NCH,- B*  5.02 d€ Cp
- : 3.45m NCH>- A 1.62 d© PMeq
3.26 d (4.5) NCH3 A »
2.96 d (4.9) NCH; B
1.22 m CCHy A.B
CpFe(CO)(PPh3)[C(NHMe)2]+ 3.25 d (4.5) NCHg 5.01 d% Cp
: 2.62 d (4.8) NcHg 7.2-7.6 m PPhy
CpFe(C0)(PPh,)[C(NHMe ) (NHEE) T 3.82 m NCH,- B 5.02 d° cp
3.30 d (4.4) NCH; A*  7.2-7.6 m PPhy
3.17 m NCHy- A%
2.69 d (5.1) NCH3 B
1.26 t (7.2) CCH; B
0.58 t (7.2) CCH; A*
CpFe(CO) (PPh3)[C(NHMe) (NHi-Pr)]¥  4.01 m NCH- A,B  5.00 d Cp
3.34 d (4.4) NCHz A*  7.2-7.6 m PPhy
2.67 d (4.9) NCH B
0.80 d (6.4) CCHy ,
0.65 d (6.4) ccix® A
CpFe(CO)(CNMe)[C(NHMe)2]+ 3.20 d (4.6) NCH, 5.07 s Cp
2.95 d (4.9) NCHj 3.63 s NCHg
CpFe(CO) (CNMe ) [C(NHMe ) (NHEE) 1T 3.62 m NCH,- B*  5.00 s Cp
3.42 m NCHS- A 3.59 s NCHg
3.18 d (4.5) NCHZ A
2.96 d (4.9) NCH B*
1.27 t (7.3) coHy B*
1.18 t (7.3) ccH3 A
CpFe(C0) (CNMe)[C(NHMe) (NHi-Pr)T®  4.40 m NCH- A,B  5.07 s Cp
3.19 d (4.5) NCH; A 3.63 s NCHy
2.90 d (4.9) NCH B*
1.32 m CCH A.B
CpFe(C0) (CNEt)[C(NHMe) (NHEE) T g.g? m zg:z- R* g.gg s gg
. m - . q H.~
3.17 d (4.4) NCH§ A 1.37 t CCHS
2.91 d (4.9) NCHj B*
1.24 ¢ (7.3) CCH; B*
1.16 t (7.3) ccHy A
- +
CpFe(CO)(CNEt)[C(NHEt)Z] 3.2; m :ggz- g.gg s SEH
49 m - .96 q -
1.28 t (7.3) CCHS 1.40 t CCH§
1.19 t (7.3) CCH '
CPFe(C0) (CNi-Pr)[C(NHMe),T" 3.18 d (4.5) NCHy .5.09s Cp
7 2.90 d (4.9) NCHy 7?.2? m ggg-
. 3
CpFe(C0) (CNi-Pr)[C(NHMe) (NHi-Pr)T" 4.40m ‘NCH- -A,B  5.09's Cp
3.20 d (4.5) NCHz A 4.40 m NCH-
2,96 d (4.9) NCH3 B* 1.40m CCHy
1.40 m CCH; A,B



TABLE Z‘fcont.rl).i e -

 NCH- Tep -

CpFe(co)(cui-?r)[c(uﬁi-Pr)z']+ . . 4.40m 5.09 s
N 1.35.d.26.3) CCHy 4.40 m NCH--
, S 1.27.d (6.3) -CCH3 - 1.47 d  CCHy
CpFe(co) (cNt-Bu) [C(Nie), 15 3.19 d (4.5) NCH 5.08s Cp
] SLUET 0 2.92.d (8.9)  NCH] 1.53 s CCHg
InFe(C0) {CNMe) [C(NHMe), 1" 2.96 d (4.4) NCH, 7.3-7.6 m In -
R AR 2.92 d (4.9) NCH; 5.90 m In
‘ : 5.70m In
5.25 t In
: ) 3.60 s NCH,
InFe(CO) (CNMe ) [C(NHMe) (NHEE) T" 3.36m NCH,- A,B  7.3-7.6 m In
T S 2.92m NCH AB 5.85m In
1.19°t(7.3).- CCH; B*  5.70m In
1.10 t {(7.3) cCH; A 5.25t In
- , - 3.60°s " “NCH,
InFe{C0)(ClMe)[C(NHMe) (NHi-Pr)T"  4.40 m NCH- A,B  7.3-7.6 m In
o - - 2.92m NlI:H3 A,B 5.93m In
1.30 m CCH A 5.72m In
5.25m In
, 3.62's NCH,
InFe(C0) (CNEL)[C(NHMe) (NHEL) 1T 3.44 m NCHy- A8 7.3-7.6 m In
: : 291 m NCH A,B  5.89m In
1.16 t §7.3) CCH} B* 5.70m In
0.99 t (7.3) CCH} A 5.24 t In
3.89 m NCH,-
] 1.36 m CCH,
InFe(CO)(CNi-Pr)[C(NHHe)2]+ 2.94 d (4.4) NCH, 7.4-7.7 m In
, 2.92 d (4.8) NCH3 6.00m In
5.70m In
5.30 m In
4.35 m NCH-
1.40.d CCHy
- 1.35 d_ CCHy
InFe(C0) (CNt-Bu) [C(NHMe), " 2.97 m NCH, 7.2-7.7 m In
5.96 m In
572 m In
5.22m In
1.50 s CCHy-

aChermca'l shnts (6) re]atwe to TMS in acetone—ds at room temperature.
V bSp’httmgs are g1ven in Hz as. s, smg’let, d, doub’let, t, tr1p1et, m, mu]tlp’let.
A and B refer to rotatwna'l isomers in F1gure 2 mth predommant -isomers’ denoted
- by an astertsk (*). NH protons are. not 1nc'luded in the tab'le but were observed
for each comp]ex as. broad. sxgna‘!s in: the regwn 8.5 - 7. O ppm. S '

cJ(PFeCp) 1.4, Hz- J(PCH3) 10 3 Hz.




TABLE 3

" CARBON~13 NUCLEAR MAGNETIC RESONANCE DATA?
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Combo'und Carbene Carbene Carbonyl Other
- ’ Substituents? Carbon Carbon Ligands
CpFe(CO) (CN)[C(NHMe),] 35.9 NCHy 214.4  220.3 82.5 Cp
30.4 NCH3
CpFe(C0)(CN)[C(NHMe) (NHEL) ] 44.3 NCH,- B 214.2 2205  82.7 Cp
38.4 NCHZ- A )
36.2 NCHS A
30.3 NCH3 B
16.1 CCH; B
14.0 CCH3 A
CpFe{C0) (CN) [C(NHMe) (NHn-PT)] 51.2 NCH,- B 215.8  220.8  82.8 Cp
45.2 NCH3- A : ~
35.7 NCH§ A
30.0 NCH; B
23.9 CCH,-
21.8 CCHo-TA.B
11.5 CCH A,B
CpFe(CO) (CH)[C(NHMe) (NHi~Pr)] 52.0 NCH- B* 215.6 220.6 82.9 Cp
43.9 NCH- A
36.0 NCHy A
30.5 NCHy B*
24.7 CCH
23.0 congt A8
CoFe(C0) (PHe)[C(NHMe) 1" 36.6 NCH, 208.5 217.9 84.1 Cp
32.4 NCH3 20.5 PMe,
CpFe(C0) (PHe 5) [C(NHMe ) (NHEE) 1* 44.6 NCHy- B* 206.8  218.4  84.1 Cp
39.9 NCH3- A 20.5 PMe,
36.8 NCH3 A
32.0 NCH] B*
16.7 CCH3 B*
13.7 CCHS A
CpFe(C0) (PPh) [C(NHHMe), 1 35.8 NCH, 209.4  218.9 133.3 g§:3
341 heig 5s PPh3
129.2 pPh.
‘ 84.4 Cp
CpFe(C0) (PPhy) [C(NHMe) (NHEL) T 2#.3 gggz- B, 207.2  219.6 }gg.; 5223
3620 NCHS A% 121.4 PPhg
33.8 NCH3 B 129.6 PPh3
16.4 CCH3 B 84.5 Cp
12.7 CCH3 A*

CpFe(€0) (PPh3)[C(NHMe) (NHi~Pr) T+ ‘?Vgg.g NCH- A% 206.3  219.2 133.1 PPhg
ST o 36. : 132.7 PPh
R 22.7 CCH3 A* 131.8 PPh3
21.7 CCHY A* 129.8 PPhy

’ 84.9 (Cp



TABiEfﬁ (cqnf{);

CPFe(CD) (CAMe) [CLNiMe), T

CoFa(c0) (ChMe YEC(NS) (RHEL)T* .

~31.4 NCH3

35.1-NCHS |

1601 CCH3

 CpFe(C0) (CNMe ) [C{NHME) (NHi-Pr) "

1412 cou3.
“'51.4 NCH-

45.6 NCH-

: _-35.9'NCH31

CpFe(CO)(CHEE)[C(NHMe) (NHEL) T -

' CpFe(C0)(ehEE) [C(NHEL), 1"

CpFe{CO)(CNi-Prilc(NuMa) 1P
A ST : LA S P

o 2

Cp?é(tO)(cui-Pr)[c(NHMe)(NHi-Pr)j*'

- 32 5. NCU

e LAY

23.6 CCH3, -
234 cou3t MB
‘»44.2'NCH54

35.7 NCHS
31.9 NCH3'
16.3 CCH3
14.3 CCHy

44.2 NCH,~

1.7 NCHZ-
16.4 CCH,
14,3 cCHy
35.9 NCH.,

=2e 2 e

3
32.6 NCH3

51.7 NCH-
45.8 NCH-
35.6 NCH4

- 31.7 NCH3

CpFe(c0) (CNi-Pr)[C(NHi-Pr), 1"

InFe (C0) (CAMe) [C(NHMe) , 1"

InFe(C0) (CNMe)[C(NHMe) (RHEE)T®

23.6 ccH

22.9 ccug} A.B

52.6 NCH-
45.8 NCH-
23.4 CCH,
22.3 CCH3

35.3 NCH,
32.7 NCH3

40.OZNCH2~

‘735.3'NCH35

32.4°NCH3

-.16.3 CCH3
- 15.2 CCH] -

3EONGHy
‘32?§ NCHg - -

(43.6 NCH,- B*  208.9
39.3 NCHS- A
A

A

B*

A

B*
A
A

2%
1+

B*
A
A
B*
B*
A

B*
A
A
B

A

A

B*
B*
A

43.5 NCH,~ B*

206,48

7204.0'

204.5
- 203.3

"205.3 - -
204.5

201.6

206.3

205.1.
204.3 -

2069 8.2

216.4

216.3

216.6

216.4

217.1

32.7

oIt o
wOw'm WO .
N0 DINIW

128.3.
125.5}

- 104.0,
. 102.7%

. 92.0

.~2]é;9

. 71;9}
'70.8
32.9

- 128.1,
- 125.3}
- 104.0

' f:102.9J
. 91.7 InC

- 71.8

o o7lat :
7 32.7 NCHy

Cp

NCH, -
coH

Cp

NCHZ-
~

CuH3

Cn
bt 5
NCH-
CCH3

-Cp

Cp
NCH-
CCH3

Cp
NCH--
CCH3

In C(4),
In C(5).
In €(8)
“In €{9)
In C(2)
In C{1)
. In C(3)
NCH3 : .
“In C(4),:
“In C(5),:

EInﬂC§9)

In c(1)
In-C(3)



TABLE 3 (cont.) =

InFe(C0) (CNEE)[C(NHMe) (NHEE) 1 43.7 NCH,- B*
ST 402 NCH2- A

35.6 NCHS A

32.3 NCH3 B*

16.5 CCH,, B*
15.4 CCH; A

InFe(CO)(CNi-Pr)[C(NHMe)2]+ 35.5 NCH,
S 33.2 NCH3

InFe(C0) (CNt-Bu) [C(NHMe), 1" 35.6 NCH,
' 33.3 NCH3

205.5
204.8

206.5

206.4

217.0

217.5

217.4

128.2}
125.4
]03.9}
102.8
91.9
71.8
41.8
15.3

128.2
125.7
104.6
92.2
.72.4}
71.9
50.7
23.7

}

]28.4}
125.9
104.6}
102.8
92.3
72.6
71.8
59.1
31.0

3

97

In ¢{4),C(7)
Iin €(5),C(6)
In C(8)

In c{9)

In C(2)

In ¢(1),C(3)
NCH,~

CCH

In C(4)sc(7)
In ¢(5),C(6)
In C{8),C(9)
In ¢(2)

In c(1})

In C(3)

NCH-

CCH3

In Cc(4),C(7)
In C(5),C(6)
In C(8)

In C(9)

In C(2)

In Cc(1)

In €(3)

NC-

CCH3

2Chemical shifts relative to TMS in CDC13 at room temperature.

bA and B refer to rotational isomers in Figure 2 with major isomer resonances, where

observed, denoted by an asterisk (*). Signals for 13¢N and 'SCNR are not included in

the table but were observed as broad signals at 145-155 ppm.

signals in the carbene region (=208 ppm) in addition to those characteristic

of the newly formed CNR group (see Tables 2 and 3).

Identification of the

resonances in reaction mixtures was verified by off-resonance decoupling and

analysis of high temperature spectra. At elevated temperatures rotational

isomer signals broadened and coalesced while those of the structural iscmer

remained Sharp. Structural isomers were also distinguishable by infrared

spectra as C=N Stretching frequencies decreased by approximately 10 cm-1

" for each jsbcy;nfﬁe in the series CNMe>CNEt>CNi-Pr>CNt-Bu (Table 1).

S Thefdistribution of isomeric_pfoducts-depended,considerably on the

identity;bf the amine and the specific reaction conditions. Reaction with .



“increased._ th rate of conversmn."' Reactmn ccndltmns necessary for tert- g

;ébutylamine—addlt1on resu'lted m the observatwn of on'ly CpFe(CO) (CNt-Bu) [C(NHMe)z]
:ﬁ'Indeny] denvatwes shuwed s1mﬂar patterns of reaction. o B : '
The reactmn of methylamne mth c1s ethy] or 1sopropy'l 1soc_vamdes
*;‘d':d not resu]t in- products contammg methyl lsocyamde hgands, nor were
-';these pmducts obtamed by the add'ltlon of heat or excess amine to the
4 d1 am nocarbenes . ' ’
A companson of -the re‘latwe ratws of . structura] isomers is seen in

LTéble .4. The ratms represent the d1str1but1 cn of products upon complete

;’TABLE 4
RELATI‘IE STRUCTURAL ISOMER DISTRIBUTIONS®

'CpFe(cq)(cua)zr E R'NHp CpFe(tQ)'(cuR) _ CpFe(CO)(CNR')
RIN *NHR' RN TUNHR

Ring . R R" % ' %

o ‘Me . Et 85 15

In Me Et 70 30

cp e i-Pr 80 20

In Me i-Pr | 65 35

co e t-BuP <1 g9

in Me t-Bu® <1 >99

‘¢ Et e 09 <1

‘I Et M >89 <1

o i M - 99 el

aUptm comp'letlon of bisisocyamde reactwn at room temperature 'm CHZC'IZ with

-excess amne. »bRequired reflux.¢ S D S I



99
Eééé£i§ﬁ°pfnthé,Sisisbcyanide complex in excess amine. These valuegs are
:notfeﬁuiifﬁ;fumiyajuesg sipée éqntinUed reaction eventually converted ai]
'bismthﬁ-isocﬁr_ﬁ_de complexes ‘to CpFe(CO)(CNR)[C(NHMe)2]+.

7 ’*The7qﬂﬁversj0n'of the primary aimine to an isocyanide most Tikely occurs
-in-the series of stepétout]ined in Figure 1. Initial nucieophilic attack
bjrthé amine;on methyl isocyanide resuits in the diaminocarbene 11, hhich
can be isolated as a stabie species. When solutions of II are treated with

e - . N *
excess amine, complete conversion to VIII occurs in less than 24 hours.

1 <& i

/Fe\ rd le\
oC c‘: CNmg _RNHp o | CNpm,
N NN
o RHN * NHMe
RNH»
W C?} | = .
) e + RNH
A N, Vi S 3
o¢ /(l: g - -
SN AN
RHN Ny RHNT “NMe
RNHg
v <C;::> vi
C (-]
- | So—=—NHMe 7 | Sa—NHMe
ot | &= RNH oc” | e
N SR N [
RHN "Ny, RN + RNHg
(] (]
Vit ? vii
. Q,
-~ ™~ rd ~,
(o l c—=—NHMe N (% l Cc——NHMe
(o) ¢ I > RNH; [s) c ’f
N NHMe N Nm

Fig. 1. Proposed pathway for conversion of ns-csHsFe(CO)(CNMe)[C(NHMe)(NHR)]+
e + )
to nd-CgHgFe(C0) (CNRILC(NHMe),T .

*Somg’cOnversidn to VIII in the absence of amine did occur in refluxing CHaCl,

’ovérra pgr%bd of 10 déys, aithough catalytic amounts of base may have been present.



,The role‘ef the amnne ln deprntonatlng 11, to g1ve the annd1ne III has been f?;
;proposed by Ange]1¢1 for Hn(CO)4(CNR)[C(NHHe)2] complexes.? “The- ex1stencéﬂf'
Vc‘ chelated spec1es sxmﬁlar to VI v “and IV ‘was demonstrated in.the same E
study and similar spec1es have been observed by Balch in the mgratmn of :
: carbene and 1socyamde substltuents on. FeCg and RuCg- cores.§ Unlike the
octahedra] iron. cunp]exes these reactlons do ‘not . appear to be reversible
in this system and do not resu1t in a stamstlcal randorm zation of isomer
distributions. ' Rather, the .conversmn ,of the amine to the isocyanide appearfs
irréversib]e and isolation of the chelated internediaté'was‘noi possible.v
The possiblity of a dissociative mechanism, in which a molecule of
methylamine leaves 1I and attacks the mgth}lisocyanide was also considered.
However, it was observed that an iso1atéd~solution of Cpfé(CO)(CNMe)[C(NHMe)(NHi—Pr)]
in the presence of excess ethylamine resulted in conversion to Cpfe(CO)(CNi~Pr)-

[C(NHMe),]*, without the inclusion of ethylamine in the final complex. A

disspciative mechanism in the presence of excess ethylamine would most
likely result in ethyl-substituted carbene products.‘

Steric factors appear to be important in accounting for thé irrevers—
ibility of the isomer conversion and the failure to obéerve chelated inter-
mediates. The presence of bulky groups on the isocyanide may prevent the
dimethy]aminocarb'ene frem approaching the isocyanide favorably for the
reverse reaction to occur. The failure to obéerfe reafrangement products
when methylaminé reacts with cis isopropyl or ethyl isocyanides is consistent
with this argument. Here also the larger alkyl substituent may prevent
carbene attack. Additionally, conversion to terminal methyl isocyanides
would require a chelated intermediate with the larger alkyl group bonded
to the central nitrogen and thus in an'interior posifion-wifh respect to
each carbene. As will be seen, our analysis of rotational isomerism in
these complexes indicates this to be an unfavorable position for a bulkier

alkyl group.
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Diaminocarbene formation and amine to isocyanide conversion in monoisocyanide

complexes

Although susceptibility to nucleophilic attack is enhanced by positive
charge on a complex, we have observed that diaminocarbene formation also
occurs with the uncharged isocyanide cemplexes, CpFe(CO)(CN)(CNR). Reaction
rates are considerably slower than the bisisocyanide complexes however;
CpFe(CO)(CN)(CNMe) reacts with isopropylamine only under reflux conditions
and tertbutylamine shows no evidence of reaction. Where aminz2 addition
occurred, diaminocarbenes could again be identified by their IR and NMR
spectra (Tables 1-3). Where long periods of reflux in excess amine weré
necessary, as in the reaction of CpFe(C0)(CN)(CNMe) with isopropylamine,
conversion to the isocyanide complex CpFe(CO)(CN)(CNi-Pr) was observed.
Evidence of further reaction to form the diaminocarbene CpFe(CO)(CN)[C(NHi-Pr)Z]
was also seen but the product was not isolated. The formation of these
additional products was eliminated by preparation uf CpFe(C0)(CN)(CNR) where
R = Et, n-Pr, i-Pr followed by room temperature reaction with methylamine.
Formation of the diaminocarbene was complete over a pgriod of several hours
without evidence of the formation of CpFe(CO)(CN)(CNMe) or CpFe(CO)(CN)[C(NHMe)ZJ.
Although further studies of the amine to isocyanide conversion in the neutral
complexes were not pursued, it was noted that solutions of CpFe(CO)}(CN)[C(NHMe)(NHR)]
were stable in refluxing methylene chloride but converted to CpFe(CO)(CN)(CNR)
in the presence of excess amine.

Our study of rotational isomerism in diaminocarbenes alsc invelved the
synthesis of several tertiary phosphine complexes in a manner analogous to
that described for the bis isocyanide and cyano cosplexes. Although these
complexes are cationic, their reactions with amines, as noted by Angé]icis,
are significantly slower than those of the bis isocyanide complexes. Eventual
amine to isocyanide conversion occurre& in the same manner as described for
the neutral cyano complexes when ethyl and isopropylamine were reacted with
ihe methylisocyanide complexes. Again, diaminocarbenes of the form
CbFeICO)(PR3)[C(NHR)(NHHe)}+ were most conveniently prepared by the reaction
of CpFe(C0)(PR3)(CNR)* with methylamine.
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:[RotetionaliiSOmeriém‘in’diamihoeérbenesflji»-'

The averag1ng of ronequlvalent carbene 4 methy] s1gnaIs in n5-C5H5Fe-

Q (CO)(CHMe)[C(NHMe)ZJ at elevated temperatures has -been. attr1bute i?

restrleted:rotatlon about‘the carbon-njtrpgen bonq.5' As expected, each of

, the’eatibhic End'neutfalrcbmplexes in the preseht study exhibited restricted
rotationrofrthersame nature. . To determine the effec; of varying carbene
substituents and other ligands bound- to the metal on the barrier to rotation,
‘variable teﬁperature'1H NMR spectra of a number ef the complexes were analyzed.

Using the slow-exchange limiting equation, 'k = n(Av‘}/z - Av, ..}, which depends

1/2
only on the,increase in half-width of the.signal;due‘tq averaging, first order
_rafe constants kere calculated fromf]ine broadening measurements of averaging
'carbene substituents. Retationel»free energy barriers were then determined
ueing'fhe equatfdn, AS = 2.3 RT(10.3 + 1og T - log k). Free energy values

abt a1ned in this manner are reported for a number of complexes in Table 5.
Va]ueSAWere found to 1ie in a narrow range between 16.7 and 17.9 kcal/mole.
Rotationa]>barriers were thus quite insensitive to changes in carbene sub-
stituents orvpthef metal ligands. Barriers in the neutral complexes were in
the saﬁe range as those of: the cationic compounds, indicating that the partial
— double bond character .of the carbon-nitrogen bond was unaffected by the overall
-charge difference in the molecules.

Although rbtational barriers varied only slightly, complexes existing

~as rotational isomers often exhibited significant differences in isomer
populations. Carbene groups in both neutral andvcationfc complexes were

found to exist eXclusive]yrin the amphi configuration (as depicted in Figure 2)
sinpe ]HVand 13¢ spettra'ofr[C(NHR)z] derivatives revealed nonequivalent
reeonances for R groups in the absence of rotation about the'cakbdh-nitrogen
bond As a resu]t when the alkyl group of the amine d1ff°red from that of
‘the 1so'yan1de, the resu1t1ng d1am1nocarbene ex1sted as a mixture of rotamers
,(F1gure 2). : , ' :

Methy] substltuents in- each of the rotamers were found to yleld

cons1stent 1H chem1ca1 shift: and coupllng patterns as- seen in Tab1e 2. o

Cyc]opentad1eny1 complexes, w1th “the exceptlon -of tr1pheny1phosph1ne



CTABLE' 5
ESTIMATED ROTATIONAL FREE ENERGY BARRIERS

Compound ‘ AGT * 0.3 (kcal/mo1)?
nd-CgH Fe(C0) (CN) [C(NHMe),, ] 17.3
n®-CgH Fe(C0) (CN)[C(NHMe) (NHEE)] 16.9
n9-CcHcFe(C0) (CN) [C(NHMe) (NHi-Pr)] 16.9
n3-CgHgFe(C0) (PMe,) [C(NHMe) 1" 16.7
n5-c5H5Fe(c0)(Pph3)[c(NHMe)(NHEt)]+ 17.1
n°~CH Fe(C0) (ChMe) [C(NHMe), 1" 17.8
n5-c5H5Fe(c0)(CNEt)[c(NHMe:)(NHEt)]+ 16.9
n5-CgH Fe(C0) (CNi-Pr)[C(NHMe) (NHi-Pr)T" 17.3
ns—CsHsFe(CO)(CNi-Pr)[C(NHMe)2]+ 17.3
nd-CgH;Fe(CO) (ChMe) [C(NHMe), T 17.9

acalculated from 90 MHz H spectra in acetone-dg.

<<= <
/Fe\ /Fe\
o | ~x ot | X
H & CH R A& H
oy wY
R H H CHg
A B8

Fig. 2. Rotational isomers in diaminocarbene complexes.

derivatives, exhibited high field methyl signals at 2.88 - 2.96 ppm and
lower field signals at 3.10 - 3.25 ppm. Methyl substituents on triphenyl-
phosphiﬁe derivatives had chemical shifts slightly outside of these

fanges (2.65 and 3.30 ppm). High field methyl signals also exhibited
s]ighpjy}higher splittings as a result of coupling to N-H protons than

did those at lower fields (4.4-4.6 vs 4.8-5.1 Hz). In similar metal

comi.'t'l,e'xes?‘i?g and in amidinium ions themselves,!0 the higher field methyl

103
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resonances have been ass1gned to 1nterlor pos1t1ons trans to the carbon-;c
metal bond , ThIS results 1n the ass1gnment ‘of the resonances “in. Table 2

to structures A and B as denoted 1n F1gure 2. Further ev1dence for ass1gn—f
1ng the ]cwer fde]d methyl resonances to exterior pos1t10ns was obta1ned '
from the n ~1ndenjl derivatives of severa] of the complexes. The ]H NMR
7spectra of these dee1vat1ves showed an upf1e]d shift of the- Tow field-
methylsresonance of nearly 0.4 ppm w1th no change observed ln,the high
field chemical shifts finspection of mo]ecular mbdeis indicates that

a metnyl Ej§_tobthe fetal would come c1oseﬁen0ugh to the plane of the six-
membered indene ring to be affected by ring currents'while a trans methyl
would not. This effect, resulting in unfield'shifts, has ‘been observed for
coordinated olefin and allyl grouns in similar ccmplexes_and has been used

to ass1gn orientational preferences. 1,12

13

Rotat1ana] isomers could also be character1zed by "“C spectra as

diaminocarbene substituents of A and B had consistent chemical shifts. With

TABLE 6
DISTRIBUTION OF ROTATIONAL ISOMERS IH ns-CsHSFe(CO)(X)[C(NHME)(NHR)] COMPLEXES?

X R A B
CN Et 50 50
CN n-Pr 50 50
CN i-pr 25 75
CNMe Et 35 65
ClMe i-Pr 30 70 7
CNEt Et 35 65
(Ni-Pr  i-Pr 20 80
Pite . Et 30 - 70
PPh,  Et A I 25
PPh, i’-pr' B 95 - . <s '

aBased on lntegratlon of amb1ent temperature 1H spectra 1n CDC] 'A‘and_B

re&rtomeeZ g' - S -r—,,ff
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]3C resonances (Table 3) to structures

:‘fhéiaid;df 1y spectra, assignment of the
A an&,B.were,made. As a result, methyl groups with higher-field ]H
resonances attributed to structure B were also found to have slightly higher
fiéld ]3C;chemica1 shifts, in the region 30.0 - 34.1 ppm. Methyl groups
with Tower fieid Ty resonances- assigned to A had ]30 chemical shifts in
the‘region 36.8 - 35.] ppm.

The relative isomer populations based on the assignments of Figure 2
are seen ih Table 6. Ratios are reported in CDC13 solutions at room temper-
ature. Althougk rotamer populations are known to be sensitive to soivent

3 measurements of the ratios in acetone, aceto-

in some carbene complexes,
nitrile, and dimethyl sulphoxide did not result in a drastic change in the
relative populations of the complexes in this study and in no case was a
reversal in preferred confiquration noted in changing solvent. Table 6 is
interesting in that it shows a strong preference for a specific configuration
in a number of cases. In a]i compounds except those containing triphenyl-
phosphine, any deviation from equal popu]ations_resu]ts in a preference for
configuration B in which the larger group is in an exterior or cis to metal
position. This is particularly evident for isopropyl substituents. Steric
arguments may account for the rotational preferences observed in these
complexes. The major interaction of the carbene substituents appears to

be with the cyclopentadienyl ring. Although rotation about the metal-carbon
bond is rapid on the NMR time scale, the carbene would 1ikely prefer con-
formations in which the bulkier R group was directed away from the ring.
Interaction of the methyl group with the ring would thus become the dominant
factor and this interaction is .significantly reduced when the methyl is in

a trans or inte}ior position. Within the ligand itself, steric interactions
of interior groups are known to be unfavorable. This could be an additional
factor accounting for the preference of methyl rather than larger alkyl
groups for interior positions. Introduction of a triphenylphosphine results
in a complete reversal of isomeric preferences. Interaction of the phosphine
lfgand with the exterior carbene substituents is most likely the dominant

factor. As a result ethyl substituents yield a 75% preference of A and the



'”;ually complete predcmlnance of A - Sterlc

;factors ar1s1ng~fron;other7meta1 1lgands can thus be a dom1nat1ng factor 1n

fdetenm1n1ng preferred carbene conf1gurat1ons.v"1' _ R
' ud1es of 1socyan1de—am1ne reactlons are cont1nu1ng, thh part1cu1ar 7
}emphasxs on the reactlon of 0pt1ca1]y act1ve am1nes w1th ch1ra1 and proch1ra1

1socyan1de comn]exes.
EXPEkIMENTALa”;‘f'

. Chromatograph1c separat1ons ut111zed low act1v1ty a]um1na (F1sher A-540)
A]l 1y and ]36 hMR spectra were obtained us1ng a Bruker HH 90~ DS spectrometer.
Infrared spectra here recorded on a Derk1n E]mer 283 ca11brated -with DC1.
'M1croanalyses were perfbrmed by the Kentucky Center for Energy Research
--aboratory, Lex1ngton, ‘Kentucky.

Wit the except1on of react‘ons 1nvo1v1ng gaseous methylam1ne, all
preparat1ons were carried out under an atmosphere of prepur1f1ed nitrogen.
Both'K[ns-csHsFe(CO)(CN)Z] and~K[n5~CQH7re(CO)(CN)2] used as starting

.materlaIS in many of the syntheses,were prepared accordlng the the method
or1glna11y outllned by Co*l’*t’e_\,r.]3

Comp]ete IR and NMR character1zat1on of the products has been provided

_in Tables 1~3. Melting points and analytical data are reported in Table 7.

TABLE 7
MELTING POINTS AND ANALYTICAL DATA

_Exptl (calcd) analyses, ¢

Compound | E ' . Mp,°C

o o o c . H. N
n5-CgHgFe (CO) (CN)[C(NHMe),] 18 - 4855 5.20  16.78
L ) ) . ) (48.61) (5.30) {17.01)
n5~CgH Fe(CO) (CN) [C(NHMe) (NHEL) ] 97 .- 50.36.  5.50  16.22
R 1 (50.60)  (5.79) (16.10)
“n5-CgH Fe(C0) (CN)[C(NHMe) (NHn-Pr) ] 26-28 52.32 6.48°  14.82
R At T (52.38) (6.23) . (15.28)
nD-CgHcFe(CO) (CN)[C(NHMe) (NHi-PT)] ~  26-28 53.28 - - .6.01 - 15.26

(52.38). (6.23) -~ (15.28)



TABLE 7 (cont.)"

* {n5~CgigFe (C0) (PMe ;) [C(NHME) 11
' {n®-CgHgFe(C0) (PMe ;) [C(NHMe) (NHEE) 3T

{n5-CgHsFe(C0) (PPhg) [C(NHMe),1}T
—{n5-c5H5Fe(c0)(pph3)[c(nHMe)(NHEt5]}1

{n5-CgHgFe(C0) (PPh3) [C(NHMe ) (NHi-Pr) T

{n5-CgHgFe (CO) (CNMe) [C(NHMe), 1}
{n5-CgH Fe(CO) (CNMe) [C(NHMe) (NHEE) 1}

{n3-CcH Fe(CO) (CNEL)[C(NHMe) (HHEL) T
{n3-CgHgFe (CO) (CNEL) [C(NHEE), ]}

{n3-CgH Fe(C0) (CNi-Pr)[C(NHMe) ;1

{n5-C5H5Fe(C0)(CNi—Pr)[C(NHMe)(NHi—Pr)]}I

{ns-CsHsFe(CO)(CNi-Pr)[C(NHi~Pr)2]}I

{n®-CgH;Fe(C0) (CNMe) [C(NHMe), 1}
{n5-CgH_Fe (CO) (CNMe) [C(NHMe) (NHEt) 131
{n°~CgH, Fe (CO) (CNEL) [C(NHMe ) (NHEL) T}
{n5-Cgh,Fe (C0) (CNi-Pr)[C(NHMe), 31

1n5-CgH Fe (CO) (CNt-Bu) [C(NHMe), 131

A

A

218 d

214 d

195

205 d

58 42
129
146

182

68-70

179

25

25

25

25

40 d

34.08
(33.99)

35.95
(35.64)

5.22
(5.23)

5.51
(5.52)

see ref. 5§

54.15 4.88
(53.87)  (4.84)
54.63 5.13
(54.57) (5.05)

see ref. 5
35.70 4.57
(35.77) (4.50)
37.44 4.83
(37.45) {4.84)
38.88 5.18
(39.02) (5.15)
37.34 4.86
(37.45) (4.84)
40.77 5.39
(40.49) (5.44)
43.26 6.02
(43.17) (5.97)
40.97 3.93
(41.05) (4.13)
42.53 4.26
(42.43) (4.45)
43.69 5.15
(43.73) (4.75)
43.59 4.55
(43.73} (4.75)
45.25 4.60
(44.95) (5.03)
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6.31 -
(6.61)

5.96
(6.40)

4.37
(4.49)

4.29
(4.39)

10.07
(10.43)

10.01
(10.08)

9.81
(9‘75);

10.14
(710.08)

9.09
(9.44)

8.88
(8.88)

9.68
(9.57)

9.37
(9.28)

8.54
(9.00)

8.92
(9.00)

8.30
(8.74)

8product included 15% isomeric {n5~C5H5

Fe(CO)(CNEt)[C(NHMe)Z]}I



:Preparat1on of n5- 5ﬂsfe(h;)(CN)[C(BHCHq)(NHR)]?Complexes

: The neutra1 spec1es o -C5H5Fe(co)(CN)(CNR) where R = -CH3, -CHZCH3,
_-CHZCHZCH3 and CH(CH3)2 were prepared by refluxlng equlmolar quantItles of B
K[n® -C—HsFe(co)(CN)Z] and RI in aceton1tr1]e. React1ons were mon1tored by .
:1nfrared specura thch showed the fo]]ow1ng character1st1c stretch1ng o .
frequenc1es for- each of the 1socyan1de conp]exes- v(CO) 2000 cm‘] '

v(CN) 2103 cm , v(CNR) - 2188 cm ].' After approx1mate1y tweTve hours

the so]vents were removed and reaction m1xtures were chromatographed

Products were e}uted w1th d1ch|oromethane and were obtalned in y1e1ds of

70-80%- In add1tlon to the mono-substituted products, Small amounts of

K[n5 CsHsFe(CO)\CNR)ZJ were also formed but e]uted at a much slower rate.

The neutral d1am1nocarbene complexes were prepared by bubb]lng
methylemine,through so]ut1ons of n -CsHsFe(CO)(CN)(CNR) in CHZCI2 at 0°C for
seVeral hours .until reactions were comp]ete in each case the solvent 7
‘was then reduced to epprox1mate1y 10 ml., the mixture was filtered and .the
filtrate bhro@atographeq on alumina. Products were eluted with CH2C12;

'gon¢Entration of the CH,Cl, and addition of O(CZHS)Z resulted in precipi-
tetion of the ‘desired preduct. A1though'not optimized, estimated yields

were at least 80%.

Preparation of {ns-CgHsFe(CO)[PR3)[C§NHC 3)(NHR*) 131 Complexes
; ‘The complexes n5-CgHgFe(CO)(PMeg)(CN) and n ~C5H5Fe(C0)(PPh3)(CN),-

prepared by literature methods14 viere reacted w1th Rl (R = Me, Et, i-Pr)

tq yield [ns-csHsFe(CO)(PR3)(CNR)]IS. The diaminocarbene complexes were:
obtained by bubblying methylamine through CH2C12 solutions of therisdcyanide )

compiex as 6ut1ined by Angeliti;s

Preparation .of {n5- HsFe(C0) (CNR)[C(MHR) 13T Complexes

The bisisocyanide comp]exes {n® —C5H5Fe(c0)(CNMe)2]I [nS- csHsFe(co)(CNEt) 11,
and [n5-CgHsFe(CO) (CNi- Pr) ]I were prepared by refluxing K[n3- ~CgHgFe(C0) (CN),]
and an excess_ of the desired alkyl iodide in acetonitrile as described by

Coffey.!3
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‘4"f7{n5£C5H5Fé(C0)(CNMe)[t(NHMe)Z]}I was prepared by bubbling methylamine

through a solution of [ns-CsHsFe(CO)(CNMe)Z]I in CH .5 The reaction was

ZC]Z

complete after one hour and the product was purified by chromatography on

alumina, with a 10/1 CH2C12/CH30H mixture used to eluté it. After evaporation

of the solvents, crystalline products were obtained using CH2C12/0(C2H5).
Syntheses of the ethyl and isopropyl analogé proceded in the same

manner except th;t’in the latter case reflux conditions were necessary to

obtain sufficient reaction. Based on the starting bisisocyanides, the

non-optimized yields were approximately 60% in each case.

Preparation of {n®-CcHi_Fe(CO)(CNR)[C(NHMe)(NHR)1}I Complexes
The compounds {n5—C5H5Fe(CO)(CNEt)[C(NHMe)(NHEt)]}I and'{n5-csH5Fe(C0)-
(CNi-Pr)[C(NHMe) (NHi~Pr)]}I were obtained by bubbling ﬁethy]amine through
; 5_ 5. -
CHZC'I2 solutions of [n CSHSFe(CO)(CNEt)Z]I or [n CSHSFe(CO)(CN1 Pr)Z]I

for several hours followed by chromatography and crystallization as described

for {nS-CSHSFe(CO)(CNMe)[C(NHMe)Z]}I.

Reactions of [n°-CgH Fe(C0)(CNMe),]1 with Ethylamine

The reaction of the bismethylisocyanide compiex with an equimolar
quantity of EtHH2 in CH2C12 at 0°C for approximately four hours resulted
in 85% {n5-C5H5Fe(C0)(CNHe)[C(NHMe)(NHEt)]}I and 15% {n5-C5H5Fe(CO)(CNEt)[C(NHMe)Z]}I,
as determined by NMR spectra of the reaction mixtures. Chromatography and
cry;ta]]ization with CHZC]ZIO(CZHS) resulted in recovery of the product as
a mixture of the two isomers. Further attempts to separate these isomers
were not made. When excess ethylamine was used and reaction times were
lengthened, an increased proportion of {n5-65H5Fe(C0)(CNEt)[C(NHMe)Z]}I

was formed.

Reactions of [n®-C_H_Fe{CO)(CNMe) ]I with Isopropylamine
L aare | (4
The reaction of the bismethylisocyanide complex with an equimolar

quantity of i-PriiH, in CH2C12 at room temperature resu]fed in approximately

RIS 2
80% {n9-C_H-Fe(CO)(CNMe)[C(NHMe)(NHi-Pr)]}I after nearly 200 hours. When
5'5 } :

the reaction was stopped after 24 hours and unreacted [n5-CSH5Fe(CO)(CNMe)2]I



¢ ;'on of {n -c H5Fe(C0)_CNMe)[C(NHHe)(N
| omp]ete conversxon to the tsopropyl
ﬁ1socyan1de,rsomer was ach1eved when an excess of 1sopropylam1ne and

7 [n -CSHSFe(CO)(CNHe)2 ; were refluxed for approx1mate]y 48 hours. . 57

Rnact1on of [n -C:#‘Ee(co)(CNMe)q]I w1th Tertbu_x]amlne ‘

‘ The rEaction of t—BuYHZ thh the b?Smethy}rsocyaane requ?red anA
excess of am1ne and ref1ux1ng 1n CH c12 for reactlon to occur.i Comp1ete 17
'react1on of the start1ng comp]ex requ1red more than 10 days and the
,severrty of the reaction condxtrons resu?ted in formatton of an1y
{n5 -C H Fe(CD)(CNt-Bu)[t(NHMe) ]}I.. After chromatography on” alumina
the yleld of the product was about 35%. h :

‘adeﬁziua§§§$e*es ,”

A »umber of }ndeay} aemp}exes were prepareé i the same ﬁan»er as
descrlbed for the cvc]opentad1eny1 analogs except that KLn —CQH7Fe(CO)(CN)2]
vias used to prepare the. start1ng isocyanide complexes.

In genera] reactlons of the indenyl 1socyan1de compounds: w1th am1nes '
occurred at a s]1ght1y faster rate than did those of-the cyclopentadienyl
species. VF]nal product yields were similar hut most of the complexes were

recovered as 1iquids_at room temperature (see Table 7).
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