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y& .&tiv&&,ed;-_h;- ,_j-x&s n&bG= g s_u~h~f.6~~~is~ti.& y&&d._a$scrib& in _ : 
.~~~~~~~~~~~.~~~~~~~~~:-:~~~-..isl~~~~~~~8.ilii;~~~~~~~~~_~,~~~ ;-12,i; 

&+. p&&+$g ..~~~~-‘~_~.~~~;~~~;~~~~~.~~~~~_-~~:~~~ ~~5_f.;$$&$&&g6nic,~ ._ I : 
--.._._’ ,>..~.,-.-._-; -- _ -,_ 

co~p~e~~s-.~~~~g.rn~~~~~~~~~~~~l~~or~~~~~~ (f&J a&i.&‘& a mono-- 
deh~te.rr~cda)~(~~)~-i_or. as a’bid~~_~~~.li~~d~[MiC0)4(~)]’ (M +,Cr; Mo; 
W);---._; ;. . . :;; ;.. q;:‘; _.__ 7’-__;_.--- __j-,;._ : .-- ._ _::--_: : _._ :f_ :- .- ~- 

“We ~~_w.r~~o~_f;he.p~~~tio~ and chemical @operties~~of the formamidino 
CO~‘~~~~~-NE,~[M(C,O)~(~C(NR)~)-~ (M-=.,&, MO, W_.~diR-=iaruior,t-bu~l)~- 
We al&r s&w-th&for ;R-~.;methJrl%~e Complexes are formed of: the .type NEt& 
[M(CO),{HC(NMk)N(CO)Me3~]; which display fluxionz+l behsviourfor i&car- 
bony1 li@ndsin the. 1%4TMR spetitk 

:-.. 
&s&G ‘. .. : : : 

A_ Synthesis &I@ sfucturaicharacterization 
The tetraethylammonium salts NEt,[M(CO),~HC(NR),3] (M-= Cr, Mb, W 

kud R = aryl, t-butyl) are readily-obtained from the reaction of NEt&M(CO),Cl] 
with lkSa&um fdrmamidine~ prepared in situ from KOtBu and formamidine 
QFig. 1). 

The strt@ure of the .&ion [M(CO),~HC(NR), 3 3’ is konsistent with IR (Table 
1), ‘H-NMR:(Table 2) and ~3C-NMR (Table 3) spectroscopic da&The infrared 
spectra-inthe CO stretching region show carbonyl frequencies which are charac; 
ter$s@ tif:a c&M(CO)~(L+L) arrangement [IS]. -The ‘H: and 13C-NMR data for 
the complies (I-V, VII-XI and XIIISXVII) show I+.@ that- the two R groups 
& equivalent, while the 13C-NMR spectra show two carbonyl resonances of 
aboutequal-mterisity arising from the carbonyl groups which are cis and tram, 
respec&elyi I&: theformamidino group. On the b&is of a comparison of the 13C- 
carbonyl shifts with those found for other complexes of the composition cis- 

.~ 

TABLE 1 : 

IR SPECTROSCOPIC DATA 

Compomxl v(C0) <cm-l) = 

bi = Cr M=Md 

NEt [M<CO)4- 
-~HCwP-t3w*}~ 1994 1811 1846. 1799 2000 

1994 1870 1844.. 1799. 1999 

NE~IZgZZl)*}I 1995 1871 $848 $00 2000 

NEt CMWO:q .- 

4 H_ti(N~3;5gl&]~ 1994 1869 1848 ;soo- ~. 1999 
-. .- 

EiEt@<CO)4-. 
~~nc(N-taU*~~~~-)~ 1973 1851 1825 1T7im-- 1987 

NE &O)4-._ 

‘4 HC(?+.i)~<CO)Me)~ --.- ’ 1-975 1850 1797 1649b .- 1987 
~. 

nInCH3CiJ;ohh. ~stretching~.equenc,-oftheinsertedCO. 
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t? 
I 

NR 

+ K+HC’- 
I 

-OC- 
,N!&JH 

‘NR 
-KCt 

OC 
/M-R 

I 

R=Aryl,tert-butyl 
M=Gr.Mo.W. 

Fkl. 

M(CO)&, we assign the 13Gcarbonyl resonance at high field to the ligands truns 
with respect to the formamidino group. The ‘H- and 13C-NMR spectra of NE& 
[M(CO),{HC(NR),} ] for M = molybdenum and tungsten show 14N coupling to 
the ethyl group (Figs. 2 and 3). For M = chromium no coupling is observed, 
because the resonances are broadened, probably because of the presence of 
some paramagnetic species (e.g. Cr?) in solution. It should be noticed that in 
the ‘H-NMR spectra coupling is only found to the methyl group (J(14NCCH) 2: 
4 Hz), no coupling to the hydrogens of the methylene group being observed. 
This contrasts with the 13C-NMR spectra, in which only 14N-coupling (ca. 5 Hz) 
on the methylene carbon is found. 

The analogous reaction of NEt4[M(CO)&1] with potassium N,N’-diniethyl- 
formamidine did not yield the type of complex found for R = aryl or t-butyl, 
but instead resulted in the formation of a carbamoyl type of complex (Fig. 4). 
The proposed structure is in agreement with the IR spectra which show, in addi- 
tion to four carbonyl stretching frequencies of the “M(CO),” moiety, a band 
at about 1645 cm-’ arising from vibration of the inserted carbonyl group. The 

M = W 

$74 1842 1800 1992 1859 1838 1798 

L73 1841 1795 1992 1860 1837 1798 

376 1844 1801 1994 1861 1840 1799 

$75 1844 1801 1993 1860 1839 1799 

357 1823 1781 1979 1842 1781 

1864 1805 1645b 1979 1855 1802 1642& 



.,z-:-. ..--_..; _. . 
TABLE .22- 

. _ cr.__, -.. .- _: .- 
: 

&&&&;_.~. .;, : :_ I--: ~ _- : .:I._ .. : : :;..- ._-. --z 
&I-g+; :: Aryl;goup -_ .- -. _~ __ ._ = :.. ., _-.- .;:-:; _ -_. ._ . . . .‘ .-- .- .:: ~- _ _: :-.:. .:. . .. pmhn._. .. : ,Cti 

Y 
m+&.&~ij(xqp&Iyij -. X02(d), 6.82(d). J = 8,.6 Hz .. 22 
R-~r~~~CEir;oC~~j(~-~~H~~c~~) 6.93(d). 6.73(d). x = 8.7 Hz 3.1 
H_~~PhetiyiXNPhknyI) 7.1.&m) 
H~~;3;~~;rybx)(Nr3,5-xylyl) 6.64is) 
Hcp-t++yI)(=&tyl) 

2.ll . ~..- 

_~~C@NMej(NXe) 

-iw3QCr<~d~4 Hc&-p-t01yl)2j~ 

’ i 

(1) 7.0&s) 2.d 
=W%~O)4 HkXN-&CH3OC&>= 31 UI) 7.06(m). +%.9O(m> 3-a 
+++@‘>_g. H;c<Nph+-1); )I - : <III) 7.14(m) 
N@&k(CO)& HC(I$3.5&lyl 3j <Iv) .6.76(s) G+tho). 6:47(s) @urn) 
ti.E%[C;JC-0)s. HC(N-t-b&i)2 

2.2 
.<V) .- : 

NEt4CCr(~O)4 HC(!N$ie)N@O)Me )J qq)-. .i 

&f&.foicO ji- H~<~-P_~o~~lj2~)~ ~. 

i 

(VII) -- 7.01<9) 
=;;qtM?(CO& HC(Ei~-CH@C,$L$q 31 

2a 
<vm). 7.04(d). 6.iS(d), J = 9.4 Hz 

NEGCko(CO),i ~C<Nphez& 31 _-. 
3.il 

cm) 7.19(m) 
I+iEt&M~(~.O)~ HC(N-~.$&$lyl)~}1 - ._ <x, - 6.5X& @par& 6.16(s) (or&o) 
kEt.&i~(C_O>~ &(N;t-btit~i);]] - 

2-a 

NEWPo(C~>~ H~(FYMe)Yp).Me 31 

<WI). 7.05C.s) 2.2 
<x=9 6.96(m) 3-P 

(xv) 7.23(m) 

<XVI) 6.78(s) (orfho), 6.54(s) @am) 2.2! 

awn 
C-J-m 

I 
’ I~CD~DN‘&atik to TMS (m = m&ipIet. s = singlet. d = doublet). 

: 

: 

tibraiijons of the inserted kbonyls have the same frequencies as those for the 
ink$?d carbonyls ikthe complexes [M(n-C5HSJ{HC(NMe)N(CO)Me.) (CO),] 

151, for M’ = MO at 1642 cm-’ and for M = W at 1637 cm-‘. Furthermore, the 

1 
10 4 -._--B --. 1 

6 4 L 3 2 -- 1 
d I,L, : 

~Fig_ 2. lH-NMR.~e+um df NZt4L\V(CO)i{HC(N-pmethoxyphenyl)2 )I(* r&onaixeshue to CD3CN). 
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CH 
: 

N-Ii Me mt4 

CH2 CH3 - 

8.09 9.76 
7.97 9.71 

8.17 -9.35 
8.18 -10.10 
7.34 7.46 1.18 
7.36 5.24 2.89 

8.54 3.07 1.15 
8.49 2.99 1.09 
8.58 3.05 1.14 
8.53 3.07 1.17 
7.62 1.06 3.15 -1.18 
7.73 3.22.2.81 3.20 1.22 

8.91 3.04 1.12 
8.86 3.11 1.16 
9.06 3.04 1.11 
9.00 3.06 1.12 
7.96 1.04 3.15 1.19 
1.72 3 3.27.2.80 3.19 1.22. 

9.59. J(WH) = 6.0Hz 3.05 1.12 
9.52, J(W)= 6.8 Hz 3.06 1.14 
9.7O,J(wH) = 5.7 Hz 3.05 1.13 

S.Sl.J(WH)= 5.2Hz 3.08 1.15 
8.57.&WH)= 6.4Hz 1.06 3.15 -1.17 

7.64. J(WH) = 1 3.39.2.84 3.20 1.20 

13C- and ‘H-NMR spectra of the carbamoyl complexes (VI, XII and XVIII) reveal 
that the methyl groups are inequivalent. 

B. Fiuxional behaviour 
The carbamoyl complexes [M( CO), {HC(NMe)N( CO)Me} ] (VI, XII and 

XVIII) show fluxional behaviour in the 13C-NMR spectra (Fig. 5). At -50°C 
the spectra show the expected four i3C-carbonyl resonances of which, on the 
basis of the intensity ratios, the resonance at 206.2 ppm (M = W) is assigned to 
the two carbonyls cis with respect to the formamidino group (a) (for M = Cr: 
222.3 ppm and for M-= MO: 211.8 ppm). On raising the temperature three 
resonances coalesce, whereas that at 219.0 ppm remains sharp. At +30” C.a new 
resonance appears at 217.6 ppm (e), which has a position approximately equal 
to the weighted average of the resonances a, b and d (talc. 216.8). Attempts to 
record the spectra at higher temperatures failed because decomposition of the 
sample starts at about 40°C. Since the other 13C-resonances in the spectrum 
are essentially temperature independent, the car-bony1 resonance at 219.6 ppm 
was assigned to the inserted carbonyl (c) (M = Cr: 232.9 ppm; M = MO: 226.6 
ppm).mBy analogy to the assignment of the 13C-carbonyl resonance in the-car- 
bamoyl type of complexes [M(n-CSHs){HC(NR)N(CO)R}(C0)2] [7], we assign 
the resonance at high field of the two remaining resonances to the carbonyl 
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'PABLE 3 
-. 

13C-b&i6PbTRiiOFTiItiliO Ix&fAlktitiSAET13COb4PLExESI-_XVIHa 
:- . . -.. T _ .. _. 
_~mPounc_-- -<-. _- __ AryllD'oUP 

Cl c2/6 -e/s _c4 CR3 
. 

HC(HNs-tol’pl)(N-p-toiyl) - 
Hc<RN-p-r;~30~6a4)<N_pCH30CgHq) 
.k<E%?h&-i)<Nphenyl) 
HC<HN-&:5-xylyl)(N-3.~~~~)_ 

HCC~-t~~utyqcri-tautpl) 
HC(HNBle)(NMe) 

NEt4Ew<CO)4~HC(NMe)<N<CO)Me 31 

143.0 119.1 
138.7 120.1 
-145.4 119.2 

145.5 117.0 

143.8 118.5 130.1 129.6 20.7 
145.0 119.1 115.0 154.4 56.0 
151.3 118.8 129.6 120.8 
151.3 116.8 138.9 122.5. 21.6 

148.3 118.9 130.2 130.2 20.7 

144.3 119.4 115.1 154.0 56.1 

150.5 119.0 129.7 121.1 

150.7 117.0 139.0 122.8 21.6 

147.1 118.7 130.2 130.7 20.7 

143.4 119.6 115.1 154.1 56.1 
149.4 119.0 129.7 121.6 
149.5 116.9 139.1 123.3 21.6 

129.8 132.4 20.6 
114.3 155.6 55.2 
129-3 123.3. 

138.9 124.8 21.3 

= In CD3CN. rdative to TMS, uskZ&MS = 6;D3CN - 1.23 psxn. b Inserted CO. 

trams to the inserted CO.(b), and the resonance at lowest field to the carbonyl 
in position d. 

C. Chemical properties 

The solid tiomplexes NEt4[M(C0)4{HC(NR)2}] and NE~J~[M(CO)~{HC(NM~)- 
N(CO)Me) ] are stable. under nitrogen, but decompose slowly in air.- Solutions 
of the complexes zire stab&under nitrogen for at least 48 h, but on exposure to 
air rapid decompositiori occurs. Solutions of the carbamoyl complexes NEQ- 
[M(CO),{HC(NMe)N(CO)Me)1 (VI, XII and XVJII) iri THF show no decarbon- 
ylation when-irradiated with a medium pressuremercury lamp (Hanovia). This 
conlxasts with.the ready decarbonylation of the carbamoyl complexes of the 
type tM( n-&H,) {HC(NR)N( CO jR-3 (CO),] upon exposure & ultraviolet light, 
yielding the complaes [M(?-C5Z&) {HC(NR), )(CO)J [5;7]_ Heating of the com- 
plexes VI, XH and XVIII in either THF or acetonitrile at cy 80” C gives decom- 
position products, which -were not identified. 
. The reaction of [M(C9), {HC(N-p-tolyl), 3 ] r _anions +l-i Q-iphenylphospWne 

and pyridine in boiling.benzene or toluene results in carbonyl substitution +nd 
producti the aniolis [M(&)3L(HC(N-pYtoJyl)2 3.1 (M = Mo, W)_ The.corkspond- 
ing salt-&it+ M =chromiti.cotid-not be isoi&ed, although the IR spectrum of 
the reaction~nkture ind&&ed th&t.the product’was formed. The anions [M(C0)3- 
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CH co CH3 CGH313 NEt4 
<t-butYl) 

CH2 CH3 

150.2 
150.0 
150.0 
149.6 
146.9 
152.9 

151.2 
150.7 
151.8 
151.7 

152.3 

158.2 

231.4.218.0 
231.3.218.0 
231.4.217.9 
231.5.218.1 
231.9.220.4 
245.4.232-S b,232.4,222.3 

154.6 225.8.208.3 
15&7 225.6.208.2 
154.9 225.6.208.1 
154.9 225.8.208.2 
156.1 226.3.209.8 
159.6 239.9.226.6 b.224.9.211.8 

1545 218.0.205.1 
155.1 218.0.205.1 

155.0 2X7.9.205.0 
154.9 218.1.205.2 
156.5 219.1.206.2 

161.1 235.7.219.0 b,218.8.206.2 

30.3 
34.4 

31.6 

47.9.26.9 

31.6 
48.1.27.0 

31.2 
49.2.27-l 

50.8 

53.2 7.8 
53.3 7.8 
53.3 7.8 
53.9 7.8 

51.7 53.7 8.1 
52.0 7.2 

53.0 7.7 
52.9 7.6 
52.9 7.7 
52.9 7-i 

51.2 53.1 7.7 
51.8 7.2 

53.0 7.6 
53.0 7.6 
52.9 7.6 
53.1 7.7 

51.6 53.X 7.7 
51.9 7.2 

L {HC( N-p-t~lyl)~ } ] - can have either a MW- or &z-configuration (Fig. 6). The 
13GNMR spectra (Table 4) and ‘H-NMR spectra (Table 5) show unambiguously 
that the two p-tolyl groups are equivalent, so that the complexes must have a 
fac-coIlfiguration. 

The 13GNMR spectra show two carbonyl resonances with a relative intensity 
ratio of about 2 : 1, of which that at lowest field (ratio 2) is assigned to the 
carbonyls trans to the formamidino group. For the complexes with L=PPh, (XX 
and XXII) a J(3*PM13C) coupling is observed for the trans carbonyls (with respect 
to the formamidino group) of 8 Hz (M = MO; XX) or 6 Hz (M = W; XXII), while 
the cis carbonyl groups show a coupling of 48 Hz or 47 Hz, respectively. 

The anions [M(CO)sL{HC(N-p-tolyl), )I- react rapidly with carbon monoxide 
to give the tetracarbonyl anion, according to: 

[M(CO),LCHC(N-p-tolyl), )I- + CO 5; [M(CO), {HC(N-p-tolyl),) ]- 

Reaction of NEt4[Mo(C0)3(PPh3) {HC(N-p-tolyl)z )] in THF with oxygen gave 
a yellow precipitate. A ‘H-NMR spectrum of the yellow solid showed only 
resonances due to NEt d, while the filtrate contained free formamidine and 
triphenyl phospbine. An IR spectrum of the yellow compound showed in addi- 
tion to bands &sing from the NE% 4+ moiety, two stzong bands at about 885 cm-’ 



Fi 3.%-NB& sp&xum of NEt4fW(C0)4{HC(N-p-methoxyphe&l)y1)2}1 (f resonances due to CD&N). 

and 675 km-f, suggesting that an oxomolybdenum complex had been formed 
[I7 3, but the str$cture of this product was not further inkstigated. 

TABLE 4 

13&& SPECTRA OF T&X COMPLEXES NEt4[M(C0)3L{HC(LV-p-tolyl)* 31 = 

Compbund Aryl 

Cl C2/6 C3/5 C4 CH3 

NEtr)[Moik&<C@#j {+<%4OlYl)2 33 <XIX) 147.0 118.0 130.0 129.2 20.5 

NEt4Ew(CO)3(QH5N) {HC(N-p-toWz 31 <=w 146.0 117.9 130.0 130.0 20.6 

N?%&Z(C0)3(PPh$ (HC<N+toW& }I <x=n 146.5 118.7 d d 20.6 

o In CD$CN; &la&& T&fS..using ~TM& = 6zD3Cx 7 1.23 imm). b The & and-tins position relative to the 

fo - l&j group: in pare&h& %(PMCj couplime =. Not 4 No;&&&. a&ar b&v&ii 129;4 arid 130.2 

Ppm. 1 

ed. aqpti_betw+i 128.8 &d 129.5 ppm. 
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Fig. 4. 
M=Cr.Mo,W_ 

Discussion 

The tetracarbonyl anions [ M(C0)4 { Z?C( NR):! 3 ] - show four carbonyl stretch- 
ing frequenCies in the IR spectra as predicted by group th&retical arguments 
[ 8,161. The CO stretchinl: vibrations occur at relatively 10% freqtiencies, and 
are comparable with the values found for the anions [M(C0)4(Diket)]- [13]. 
The relatively low frequencies compared with those in the cis-M(CO),L, com- 
plexes [8,13] can be eXplained by the negative charge on the molecule. This 
results in a larger ~-back-bonding from the metal into anti-bonding CO orbitals, 
and thus a decrease of the CO stretching frequencies. 

The ‘H-NMR specti of the anions [M(CO),{HC(NR),)]- show a downfield 
shift f&r the methyne proton relative to the free formamidine, and this shift 
increases in the order Cr < .Mo < W. A similar trend has been observed for the 
y-proton in the anions iti(CO),(Diket)]- 1131 and for the methyne proton in 
the compIexes [M(?r-C&H,) {HC(N-phenyl),) (CO),] [ ‘71. However, in the latter 
complexes a smaller downfield chemical shift compared with the anionic com- 

CH cob =t4 NEt4 

cis tmns CH2 CR3 1 .? z 3 

155.6 229.1 231.8 52.0 7.3 <1)152.5 
(2)124.4 
(31137.4 

152.9 222_3<48) 229.9(S) 52.2 7.3 

155.8 224.0 228.1 52.4 7.4 <l) 152.8 
<2)124.8 
<3)137.3 

152.5 217.7<47) 224-O(6) 52.3 7.4 

<1)135.9(24) 
<2)134.5<13) 
(3)128.0(S) 

(4) = 

<1)135.7(26) 
(2)134.6<9) 
(3) 128-O(8) 

<4) d 



l_L I iIll 

+ims @4(C0);{HC(til$);) ] - is ojx&$d_ The meth$ne carbon in the 13C-NMR 
S&&a’ &o shoks a downfield chemic& shift with the same seqtience: Cr < MO 
= W. H&vex&,’ the O$posi$e is observed Ifor the &if& in the Com$exes [M(x- 
C,‘H,) {HC(Nkpheriyl)2j (CO),] 171, which show ti- upfield chemical shift relative 
t& the fr&~formaknidine. The methyne carbon shift @ the anions [M(CO),{HC- 
(&Ie)N(CO)Me} ]- h s ow t&e same trend &was observed for the anions [M(CO),- 
{HC(N5)2 3 jr-, but the @?thyne’proton Shows the opposite trend. 

The avera&d khe@al~shift of the aryl carbqn resonances relative to the 
resoknces &I the free dkylfo~amidine~. are given .+I TaQle 6. F’rqm the liter- 
ature .[18,19] it is known that the chemical shift of the pars-carbon can be 
associated with the kiectr& density in the aryl ring. Prom the observed shifts 

-. 
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Fig. 7. Possible mechenisms for cidtrans exchange for the complexes NEt4[hZ<C0)4{HC<NRIe)N(CO)Me}1. 

Me& .* A involving a transition state with a C4, symmetry. meehenism B involving a transition state 
with a Dgd symmetry. 

5), which is, however, considerably smaller than in [W(CO),PPhs], viz. 280 Hz 
[26]. A satisfactory explanation for these features cannot be given at present. 

Experimental 

Elemental analyses (Table 7) were carried out by the Institute for Organic 
Chemistry TNO (Utrecht). The IR spectra were measured with a Beckman 4250, 
while the ‘H-, 13C- and 31P-NMR spectra were recorded on Varian T60 A, Varian 
CFT 20 and Varian XL 100 instruments. 

Ah preparations were carried out under dry, oxygen-free nitrogen. Solvents 
were distilled from sodium wire or calcium hydride before use. 

The N,N’-diaryl formamidines were prepared by published methods [27,28,29]. 
N,N’-diaIkyIformamidines were prepared by treating [ HC( NaIkyl)(H_NaIkyl) f- 
[CHsCOOH], [30] (LX lies between two and three, and was determined by its 
‘H-NMR spectrum) with a slight excess of KOtBu. 

Preparation of N,N’-dimethyl formamidine 
-132-g (511 mmol) [HC(NMe)(NHMe)] [CHsCOOH], (X = 3.1) and 180 g (1604 



Compound a AnaIysisl-Found (c&d.) <a) 

C H N 

N=~!X(CO)~@Y=>- 

c All complexes &e yellow. , 

_(I) 62.20 (62-65) 6.96 (6.82) 7.99 (8.12) 
<II) 58.97 (59.01) 6.74 (6.42) 7.74 (7.65) 
UW 61.07 (61.34) 6.55 (6.38) 8.55 (8.58) 
(IV 63.80 (63.83) 7.14 (7.26) 7.62 (7.70) 
W) 53_l2 (56.11) 8.03 (8.74j 7.98 (9.35) 
WI> 48.64 (48.85) 6.95 (6&z) 10.69 (10.68) 
<M) 57.60 (57.75) 6-54 (6.28) 7.50 (7.48) 
<vLII) 54.98 (54.64) 6.05 -<5.94) 7.07 c7.08) 
Cur) 56.02 (56.29) 6.04 (5.86) 8.01 (7.88) 
<X) 59.04 (59.08) 6.80 (6.67) 7.01 (7.13) 
(XI) 47.79 (51.11) 7.70 (7.97) 8.02 (8.51) 
(xn) 42.36 (43.94) 6.22 (6.22) 9.60 (9.61) 

c=m 49.51 (49.93) 5_51<5.43) 6.31(6.47) 
(XTV) 47.40 (41.59) 5.40<6.18) 6.16 (6.17) 
<xv) 48.35(48.32) 5.18 (5.03) 6.69 (6.76) 
c-1 51.09 (51.41) 5.99 (5.80) 6.22t6.20) 
cxM> 41.66 (43.38) 6.59 (6.76) 6.53 (7.23) 
~xvm~ 37.02 (36.59) 5.16 (5.18) 7.77 (8.00) 
<XIX) 60.46 (60.78) 6.71 (6.58) 8.85 (9.15) 
(XX) 66.10 (6+&l) 6.62 (6.33) 5.20 (5.28) 
<=I) 51.92 (53.15) 5.88 (5.76) 7.55 (8.00) 
<XXII) 59.65 (59.80) 5.99 <5..70) 4.09 (4.76) 

nnnol) BOtBuin 1;. 1 ether was stirred for 2 h. After filtration the ether was 
distilled off. The residue was distilled twice, yielding pure [HC(NMe)(NHMe)] 
(20.3 g, 55%). The preparation of N,N’-di-t-butyl formamidine was similar, 
and the yield about 70%. 

The~tetraethylammonium salts NEt4[M(C0)&l] (M = Cr, MO, W) were pre- 
pared- by published methods [31]. 

Preparation of NEt4[Cr(CO)4 {HC(N-p-tolyl), 31 (I) 
1073 mg (3 mmol) NEt4[Cr(CO),Cl] and 896 mg (4 mmol) N,N’-di-p-tolyl 

formamiclke were dissolved in 80 ml THF. Then 471 mg (4.2 mmol) potassium 
t-butylate &as added and the mixture stirred for 20 h. After filtration the yellow 
solution was concentrated to -10 ml, and slow addition of n-hexane gave a 
yellow precipitate, which was washed with three portions of 50 ml of n-hexane, 
and dried in vacuum_ Yield 1090 mg (70%) of I. The complexes III, IV, VII, IX, 
X, XIII, XV and XVI were prepared similarly. The yields were between 70% 
kind 80%. 

Preparation of NEt,[Cr(CO)i{HC(N-p-methoxyphenyl), 31 (II) 
1073 mg (3 mmol) NEt4[Cr(CO);Cl] -and 1024 mg (4 x@nol) N,N’-di-pimeth- 

oxyphenyl formamidine were dissolved in 80 ml THF then 471 mg (4.2 mmol) 
KOtBu was Added and the mixture was stirredat room temperature for 20 hi. 
After filtration the solution v&konc&rated to 10 inl, and-addition. of n-kiexane 
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gave a yellow oil. The oily solution was shaken with several portions of n-hexane 
till a yellow solid separated. This was washed with three portions of 50 ml of 
n-he&me, and dried in vacuum. Yield 1175 mg (71%) of II. The complexes VIII 
and XIV were prepared simikrly, in yields of 83% and 70%, respectively. 

Preparation of NE&[Cr(CO),{HC(N-t-butylj, I] (Vj 
1500 mg (4.16 mmol) NEt4[Cr(CO)&l] was dissolved in 80 ml THF, then 

1015 mg (6.5 mmol) N,N’-di-t-butyl formamidine and 658 mg (5.9 mmol) KOtBu 
was added and stirred for 5 h. The complex was isolated as described for com- 
plex II. Yield 1425 mg (76%) of V. The yields of complexes XI and XVII were 
70% and 43%, respectively. 

Preparation of NEt4[Cr(CO)4 {HC(NMe)N(COjMe 31 (VI) 
1469 mg (3 mmol) NEt,[Cr(CO),Cl], 606 mg (8.4 mmol) N,N’-dimethyl for- 

mamidine and 490 mg (4.4 mmol) KOtBu in 80 ml THF were stirred at room 
temperature for about 20 h. After filtration the yellow solution was concentrated 
to 10 ml and cooled to -40°C. Slow addition of cooled n-hexane gave a yellow 
precipitate, which was washed with several portions of n-hexane, and dried in 
vacuum. Yield 896 mg (76%) of VI. The complexes XII and XVIII were pre- 
pared similarly, in yields of 70% and 60%, respectively. 

Prepamtion of NEt,[Mo(CO),(PPh,) {HC(N-p-tolyl), )] (XX) 
833 mg (1.5 mmol) NEt,[Mo(C0)4{HC(N-p-tolyl),)] (VII) and 778 rng (3 

mmol) l?Ph3 were refluxed in 90 ml benzene for 20 h. The mixture was cooled 
to room temperature and filtered, and the filtrate was concentrated to 10 ml. 
Hexane was added to give a yellow precipitate, which was washed with three 
portions of 50 ml of n-hexane and dried in vacuum. Yield 965 mg (82%) of XX. 
The complexes XIX, XXI and XXII were prepared similarly in yields of between 
75% and 85%. 
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