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INTRODUCTION

Numerous acyl derivatives of manganese carbonyl of general! formula RCOMn(CO);
have been prepared?® 35,7 A characteristic reaction of these acyl derivatives is the
facile thermal decarbonylation to produce the corresponding alkyl derivatives
RMn(CO);. Many RMn(CO); derivatives such as those with arvl and perfluoroalkyl
groups not readily accessible by other methods mayv be easilv obtained by thermal
decarbonylation of the corresponding RCOMn(CO); compounds. Some R{COCo{CO),
(Ry = perfluoroalkyl) compounds have also been obtained8, but generally undergo
spontaneous decarbonylation even at room temperature to produce the corresponding
perfluoroalkyl derivatives RiCo(CO), (refs. 7 and 8). In addition the acyl derivatives
{(R{CO).Fe(CO), are undoubtedly unstable intermediates in the preparation of the
perfluoroalkyl derivatives (Ry),Fe(CO), from Na.Fe(CO}; and the perfluoroacyl
halides R¢COC1 (ref. 9).

The corresponding acyl derivatives of various cyvclopentadieny]l metal carbonyls
have been investigated in much less detail. Several compounds of the tyvpe
RCOFe(CO),C;H; have been prepareds.10-11 but unlike analogous derivatives of
metal carbonyis without cyclopentadienyvl groups listed above, could not be de-
carbonyvlated on heating® 1% This inability to decarbonvlate the RCOFe(CO),C;H;
derivatives made them much less useful for symntheses of organometallic derivatives
and thus discouraged detailed investigations. The molybdenum derivative
C,F,COMo(CO),C;H; has also been briefly described®, but was prepared only once in
low vield and characterized only by carbon and hyvdrogen analyvses and its infrared
spectrum?®. Compournds of the tvpe RCOMo{CO),C;H;, however, in general!, are
unstable3.11. The analogous tungsten compound C,HCOW(CO),C,H; is considerably-
more ztable!l.

The ~arbon monoxide lost in the decarbonviation of RCOMn(CO); derivatives
has been demonstrared by radiochemical techniques?® to arise from one of the carbonyl
groups bonded to the metal atom rather than from the acyl carbonyl group. Thus, the
acyl carbonyl group rather than being lost is converted into a metal carbonyl group.
This mechanism suggests that the case of decarbonylation of acyl metal carbonyl
derivatives depends on the strength of the metal-carbon monoxide bond. It is,
therefore, not surprising that the RCOFe(CO).C H; derivatives fail to undergo de-

" Reactions of alkali metal derivatives of metal carbonvls, IV; for Part II1 of this series see
ref. 1. Organomeiallic chemistry of the transition metals, X; for Part IX of this series see ref. 2.
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carbonylation on heating just as the isoelectronic C;H Mn(CO); fails to undergo
substitution reactions with loss of carbon monoxide on heating with Lewis bases
such as triphenylphosphine!3. On the other hand, the facile thermal decarbonylation
of the RCOMn(CO}; derivatives parallels the thermal reaction of the iscelectronic
Cr(CO), with Lewis bases to produce substitution products with loss of carbon
monoxide!i,

Although C;H Mn(CO), fails to undergo substitution reactions on heating with
Iigands such as Lewis bases :nd olefins, ultraviolet irradiation of C;HMn(CO), with
these ligands!® has produced numerous substitution products primarily of the general
type C;H;Mn{CO),L. These results suggested that ultraviolet irradiation might be
effective in causing the decarbonylation of the acyl derivatives RCOFe(CO),C;H; to
the corresponding alkyl derivatives. This idea received further support from the
recent decarbonylation by Green and Nagy!® of the g-allvl derivative C;H Fe(CO).C H
to the corresponding rr-allyl denvative C,H;FeCOC.H,.

initial experiments with CH,COFe(CO).C;H; indicated that it could be readily
decarbonylated to CH,Fe(CO).CsH; by ultraviolet irradiation. This discoverv
prompted preparation of several previously unreported acvl compounds of the type
RCOFe(CO).C;H; and preparation of new perfluoroalkyl and vinyvl derivatives of the
type RFe(CO).C;H; by their photochemical decarbonylation. In addition, photo-
chemical decarbonylation of C;H COFe(CO).C,;H; provided an improved svnthesis of
CeH;Fe(CO).,C;H; previously obtained by Piper and Wilkinson™ in very low yvield
either by treatment of the iodide C;H;Fe(CO).I with phenvimagnesium bromide or
by treatment of NaFe(CO).C;H; with iodobenzene.

Experiments with the corresponding molvbdenum derivatives RCOMo(CO},C H
indicated that like the RCOMn(CO}; derivatives and unlike the RCOFe(CO).C H;
derivatives, decarbonviation may be carried out by heating without irradiation.
Urnfortunately, like previous workers3. 1! we were unable to obrtain stable compounds
of the type RCOMo(CO),C H; except where R is a perfluoroalkyl group. The corre-
sponding acyl tungsten compounds RCOW(CO),C,;H; appear to be more stable than
their molvbdenum analogous, but were neither decarbonyvlated by irradiarion like the
RCOFe{CO).C ;H; derivatives nor by heating like the RCOMo{CO),C.H; derivatives.

This paper describes the details of our research in these areas.

EXPERIMENTAL

Microanalyses and molecular weight determinations (Table 1) (Mechrolab vapor
pressure osmometer in benzene solution) were performed by Pascher Mikroanaly-
tisches Laboratorium, Bonn, Germany, and Schwarzkopf Microanalytical Laboratory,
Woodside, New York. In general. infrared spectra were taken in potassium bromide
pellets or liquid fiims and recc-ded on a Perkin-Elmer Model 21 spectrometer. In
additior, the carbonyl regions of the infrared specira of selected compounds (Table 2)
were investigated in greater detail in Halocarbon oil mulls on 2 Beckman IR-g spectro-
meter with grating optics. Ultraviolet spectra (Table 2) were taken in cvclohexane
soluiion and recorded on a Carv Model 14 spectrometer. Ultraviolet irradiations were
carried out under nitrogen in quartz vessels placed ~30 cm from 2 mercury lamp
of ~I000 watts input power with a reflector directing the light towards the sample
tube.

J- Orgasometal. Chern., 2 {1963) 15-37



17

AL DERIVATIVES OF METAL CARBOXNYLS. IV

ALKALI MET

(gr o o punseios)

[ASTH
e
6'91
7'91
Lyl
o'yt
o'tz
Lire
Sz
Pl

(A1
07
261
o
oLy
€Ll
1oz
oz
(%4
1z
L g

1'g1
oyl
g0z
601

PRIy

(1) Sz
(1) o'ze
(1) 2Lt
{o1) gt
(1) 11€
(o) 1zt
(o1) &€z
(1) €2
(0) og1
(O) L5

(O) rE1
(O} y'z1
{a1) ¥5€
(o1) 9'SGE
(s1) g0z
() ¢or
{o1) 112
(1) groz
(0) 6o
(0) Loz
(0) 6:61
(0) 981
() v'gt
(0) rd

ml 42 ()

sysApou

0'1
o
13
L
o't
I
L1
o'e
Sb
6t

gt
((RY
11
€1
€1
61
A
g1
St
It

H

Gab
Gob
LHE
LbE
69f
$ ot
£'6E
0'6E
49
6§

9'09
)
b€
£vE
A
1'LE
L6E
tot
ALY
AT
779
tzg
£0Y
SOy

puno;g
PapEy
puno,g
PAED
punogg
PO
Puno,g
pPagen
punogg
PV

punoyg
JUULH]
puno,
RILN]
puno
PA)
punog
page)y
punoy
P
punog
POpn
punoyg
PITD

.xu [t

yA%

%Lt
% 1
%1

0,
6

0
7o OR

o064

AR (00)20 )% (00) F (Fa1) g0 topupraag ot

SHYOMOD)ML0NEL ¥ Jo vorpprear et

IEHO0RI00 ) Jo voneiy S €8

MOk O 1y o toppe) 08 T- L8
DO =11 - T ()N
jJo uunupe] gpmby
of-qz
TRl
FULEEY

M0 0D 1) Jo unnp ey

"

005415 - MO0 N qinby

O - fHM O N (8-S

OMOD%I) - SR O e

DO ="11)

AR OO Py

DHODVEN 470 10

000 YY)

DO -F oMoy o 68

spunodwo;y todf g

oy g

MY SHLL NI AQUIANDSHA SONQOGINOD

oV

oy
ailuwto
adurio
MO8

apnd

oo

soas
afuto
aueo
aunto
adito
oo

RhTEA

S Mol ) (e
™okt (n
Mo %) (0

M onwta (6

RO ) (8

oMo' (L
M0N0k (v
MO0 000 (8
DM o0 (I

EMOMN MO 1) (¢
O OO0 = O (=

S HoNNT0X 1% (1

punoduga)

J- Organometal. Chem., 2 (1964) 15~37



R. B. KING, M. B. BISNETIE

18

Apauduy sy, Aundwg ue sy

"autot

oot
b

£t
gzk

9'0f
9ot

6'le
o'ge

LAY L ¢)

(XX
{0) St
(1) g'be
{0 r'se
{a)9tr
(1 2t

(1) 081
(1) gt
(i) €2¢
() 128
(a1) o1
(1) g1
(1) ¥ro1
(1) o1
{;1) 0’0t
{,1) b0k
(1) 6'01
(1) Lot

E..Q

e
e
1
60
ter
't

1384
9'1
£
1
L1
0'1

i
1
[
1'1
(X3}
S

prp

I£e
o't
Idz
vie
Ll
0le

gbt
O'Se
et
g1t
gt
tig
gt
7'9t
1'tE
9zt
N
1'S¢

PARMALID [SUOgaL [iou 1St Jo dowasand at) payeatpuy feragnu soand oy taaa jo mnagoads paanut ay |

punog
Pat)
punog
PAITD
punog
Paquyy

punog
o)
punog
Popy
Puung
1)
prnog
P
puno,|
paqu)
punog
‘pore)

[ihg
sof

0/ -
/0t

9% €6

Yo 87
i30
Yo 08
% L¥
o b

% 1€

atl ‘punoyp coft Cpopy spgos ooy
wapaads MIYN P pasvagug S paynuapy putoduo,) soimd pateyqo JoN "

TS NN Ty M UEPD)IIIAP ] JoU PI1oD
0
LS A EIAZRIL UL PAYIDIOS ¢

1 Jo odtrasasd oty uE PAS aq) J0U PIOIOD WTANO Jo S8SIRINE 1D D) 0] SALONUOGR] {1 (LA 0) ay &q posnesanbgany g, 5

RO D - TEOMODIMEN 0828 wmoppad TS0 MO = 11 (17

DODAE) + TR ODMEN S5ES moyas HIOMO) M0 ) (oz
OMONRT) -+ HBHMONMUN (75 08 Mopad
spunodios) wysiun g )

v

S oMok (61

o002 A~
._8::—_“

100 10 ssS0as ) suaspryq moppa

B RO oG (00) ¢ IO Can) (g1

Moo ODRT Jesskak £ 19 moppad r¥ofonloh®y (L

WEMONOWNONET) Jossoak 661 o It 0ok ot
MO
oo Ean) -+ StMoMoeN Er6er a5t ones) o)D) (St

O F M oD)oweN L2t mopek O M OMeO ) (Mt

=

OFOO%10) - Y BMODloWEN S0 bg  sopad TH Moneok (1

spunnduny winapgsiory 'y

noyeindod g ' n 40J07) pnodueon

(ponuynon) 3y,

7

(1964) 15-3

-

J- Organomezal. Chen.,



=
i

ALKALI METAL DERIVATIVES OF METAL CARBOXNYLS. IV

*(oe d o paniod)

, (s) ged '(w) g€L '(w) ozg ‘(w) zbg ‘(ys) obg
‘(yis) ogg ‘(M) €66 ‘() Loot ‘(m) oSo1 ‘{m) ngot ‘(ma) ghtl
(mA) S i1 (M) SSEL(m) S 1kt (sa) Sebi () gobr ‘() 4451

(un) ggo fur) g6y *(w) gzd *{w) z4L ‘() Sty
(ur) Sty (a) SL6 *(av) ool (a) S 101 (s 'a) Sgo1 (8} zga
(s) 9l11 '(aq ‘8a) ooz i1-ozz1 (w) YEET ‘(M) g1t '(a) othr

(sA) 14
"(sa) gl '(s) 9Eg ‘(8a) 264 (m) olg '(w) ogg '(m) 46 *(5) oot
(s} §101 (8) 0801 '(8) Tgo1 ‘(sA) or1r "(5A) §411 '(BA) THLI
“(sa) Soz1 ‘(sa) OEET ‘() §SE1 (6) S1bt /(8) ot hs '(m) olss

(&) 989
(s} 914 *(3q( '8a) obg-0ug ‘(g 'ma) o6 ‘(m) onos *(n) S1o1
(a) 0901 “(8A) ST 11 '(8A) SL11'(8a) ozt ‘() §1bs ‘(ur) ot

(¢) 060 '(s) gt *(s) ofg ‘(s) Ghg '(8a) #16 ‘(sa) 76
(s} L0 '(w) 966 ‘(wr) Fror ‘(n) ghor *(w) ziitr (s} oget
M) PSET (m) og€r (w) oikr (w) ofks ‘plra) LgSs

(w) €60 ‘(w) 7€4 ) 54 *(ur) 1ty
(w) thy (W) Sty (m) Sog ‘() SLy '(5) S06 '(w) L0 '(m) L66
‘(m) gror '(a) gror '(ma) agor ‘(ma) olor ‘(ma) gott
"(wa) gOrr ‘(a) §Sz71 ‘(ma) grer ‘(ma) Sofr ‘(ma) Szt
() o1 1 (mA) OFFT (M) Sha ‘(m) €631 ‘() o8t ‘pls) zg4t

{s) k6o (a) €L "(w) rol ‘(5) tEy
“(5a) £3g '(5a) 058 ‘() Cgg ‘(1 'a) 926 () eoor () oro1
‘(M) Sgor ‘(w) ot () orrx {s) 11 ‘() SLrt ‘() Gof 1
() gSE1 (w) Srda () obbr f(m) oght (k) 0l81 () zglt

Qs PUvEL A0

{ma) otof

‘(waa) olof atou

(W) 001t (s) Sho1

(w) ozat {w) 6501

(a) v6of () +€gx

(M) ogot

(sA) orof
() oSot

{(w) ogot () fEg1

(n) ogof () tont

sprnaduiosy todg

psphngy
pruogany P

Qspungy
Ho

() 6961 '{s) 1707

{48) 0gh1 *(sa) otor

(s} g0061 (s} ghor

() S061 {s) glor

(sa) 0o6t *{ua) 1oz

{%) Goor

§) Fobr !
() Fots (&) ttor

{m) €361
He) w61 '(s) Oror.

aspitegf
Jnogn;)y oy

e e emr e R nain #4055 e 4 8 S ng hbmnn e ey Aeie e A

a'l®Moaea'®y ¢

SHHHOMPI0NME b

R{OI00NR (8
Yt onladgonte

A OO =" (€

MO0 = ) (2

SO0 ) (1

prnndun;)

SUALLVALNHA TAROMHVD VLA TANATAVINITIOTDAD HNOK 0 ? WEY) VHLDHAS (VLN

oAV

J- Organomeltal. Chem., 2 (1963) 15-37



(18 'of 1o panutine))

A:;cmo.?vr..,.zéiE.x.?;fo.?_vD::55.5.:
(W) FEr (s) ofar f(m) Ot () ogr () oekr ) Szl

{s) 060 () £ 14 '(m) ofd "(w) Sol
u) Szg ‘(M) ogg '{a) FEG (M) goor ‘() orrt {w) 9t
(8) ogrr ‘(g) ovzu (8) orer ) ol (w) ofEL () Saia

(s) gol ‘(s) gr
(8) zhy ‘(n) Lootr (8} orar () bLrr () orer () ozhi

(M) 2€L '(w) #3L (ma) ool *(w) 9ty '(8) obg ‘(us) Sog
{MA) 016 (MA) OEG '(8) o101 “(s) otor '(ir) 9ot '(s) Ot
s w) SETT ‘{ma) Sgrr {aa) gSEr (w) grdr (w) of

(8) zed (M) 234 '(8) gog '(8) o1y {w) Ly
‘6) obg '(R) 066 ‘'(s) oror '{w) Soot *(s) ogot '(§) ¥S
“6) ogrr (s St ) orfr (a) oot “(w) Libr (w) §E4

{s) 9z& '(s) ofy {s) vy
(1) $06 *(sA) ay6 '(sa) otar "{w) Sgor (w) vf 1t {en) oy Lt
oA} Ggrt fw) odet '(g) §621 ‘(w) oo ¢ (w) gk ) €

R. B. KING, M. B. BISNETTE

{8) SCy ‘(8) oSy "(m) oly ‘(s) 26 “(va) G40
Hs) Srot ‘(sa) 2hor '(8) oot {ma) ook () Sit () ot

(s) gzg "{ur) OEy *(ut) ogg (1 'na) 246
H{ys) §806 ‘(1) ooot '(w) Fror '{n) 68e1 (s Forr ‘() etes
"l oltr(m) Stbr (m) geb 1 {ys) Sob 1 ‘plw) 08G1 Y {m) olls

o tr et s

ok b s e s

ASPNDE A0

20

{w) LEo1

(W) o1t (w) L8a1

(W) opot (g ) $801

() ogot

) Lzgl

sprnodutos) wnnapgLjofy i

(W) oot

(ma) oort atou
(M) 0ot IO
(M) 0o1€ attou
{us) vsgr

H{ut) ov6e

(s} otof

‘(W) ogot attou
:.,.\::x\

{(panngmes) IV L

Hnoqany (a7

(s) Fe01
(8) gt0O1
‘(8) lor

s} 1961

{14 '8} un01 “{s) o¥ou

() 901

RS

| () 061

(W) €91 (2 'sa) 4§ LLOT '{8) yrow

{8) 0661 '(%) obor

{8) 6661 *(8) PYor

(8) Yooz '(8) EYor

{4a) 0861 *{4a) oroT

pIpHng
{K10qany (npagy

MO0 HRID) (51

Tt oNoDk R (1

st ootenod® (Ex

P 000" (Can) (21

Sl oty (1t

THIOMONTN) (ot

Moot (6

o LMo = 1) (R

J- Organometal. Ckem., 2 (1963) 15-37



AL DERIVATIVES OF METAL CARBOXYLS. IV

ALKALI MET

PAFEIIPUL DSIALIAL0 ssajun ‘s1aj[ad apiog winmseiod o

(&) €14 () $€8 '(5) gog ‘(tw) Lo6 () 0§6 '(m) 0g6 ‘(W) z101
‘() ogor () Stas '(wa) olzr () SgE 1 (w) oz k1 ‘p(s) 0LS1

(w) €ol ‘() Syl (w) ey
‘(MA) SSg *(m) Sog ‘(M) §H6 '(a) Loot ‘(s) orar ‘(w) EEL
“w) SLr1 (s s} zoz1 ‘() oz (M) olzr () SEET () ozt

(8) £1L ‘(5a) obg “(sa) gl '(8A) €68 ‘(w) S48
‘(mA) §z6 {ur) goor (s) gz11 ‘() SL11 (s} gzer (w) ozhi

{w) Szg '(ys “aqq) o¥g ‘(ma) 70y
‘(W) vior ‘(&) oot '(as) Syor ‘(m) Ggot () PEr (m) beb

(8) €14 '(s) €64 '(8) 2tg *(m) £8g '(ava) Egg ‘(ma) geRr ‘(w) §E6
‘%) 280 ‘(s) 046 '(s) Lior '{s) oror ‘(s) Slot ‘(ys) 9% 11
“8) 9n 11 ‘(va) ogt1 ‘(s) ormu '(s) 17EL (ma) §SET ‘(w) Szbe

(1) €69 *(s) Szg ‘() vgg () Lo6 ‘() SE6 '(sa) 9L6
‘(8A) Foot ‘(5a) Fhot (ma) oSE1 ‘(a) Sob s *(w) L1k (w) Sedy

QSPHvL A0

SSpandwy se SO0 1] 0 v, o

.

“Aauonhagp Pruog AquoOp Un(I-HOIE) 5
spunoduwiod pmbyy top swy pibip pue spunoduies pros of sood dpruod Wigsseo [ Suoiag [[v ug past 1008 17 PROJY WL U] o

owonpads 17 [apogg.

AW -UID ] ¢
I3 Wabs (]

PAPRDIPUL ASEMIITO SEJUIL [INJY 1O Voqaeaofef [ “101outoa)oads 6-3 | uundog] »

(W) ogut (w) 21 A (wa) £EOL

(tu) oot {18) T¥0O1

(m) ogot (%) Legt {sa) 4S61 '(s) Ehoz
(W) 1161
(m) o6t

"(s4) vyl *(s) thoe

() 0lof
(w) oot () 9191
spunodiney wosaung )

{s) 1861
(s) 2401
(8) 0561
(%) £9061
(s) 9461

{sa) cor1t atou ' ‘(s) whow

(M) oot attott (M) 9261 '{sa) LL61 '(s) SSor

(W) oott atou {sa) 0061 '(s) bSor
aspungr pSpgL pSPUYL
Moy )y JKuoqry gy

HD

(Pt uod) 7oV L

fEEOMOMONID =D (17

-
u

L

7RO MOD4TE) (o2

THRMOI MO (61

50 1)) (81

Iaonenéty (L

4 onoentan (o1

7

(1963) 15-3

e

J. Organometal. Chem



22 R. B. KIXG, M. B. BISXZIETTE
TABLE 3
GLTRAVIOLET SPECTRA OF SOME CYCLOPENTADIENYLMETAL CARBONYL DERIVATIVES
Compound Maxima in nus-®
. Iron Compounds
CH,Fe{CO}.C;Hy* 353 (739)
C¢H Fe{CO).C;H; 225 (23,500) 354 (1070}
CF,Fe(CO).GH, 334 (rz30)
C,F;Fe{CO).C;H; 341 (10253}
C HCOFe(CC).CsHy 232 (21,600) 332 {4570}
CF,COFe(CO}.C;H; 242 (10,100) 321 (2900)
C.F;COFe({CO).C;Hg 216 {11,600) 24 (3230)
C;H Mn(CO),¢ 332 (1010)
C,H,CH=CHCOFe(CO).C;H, 221 (25,900) 298 (29,600}
B._ Molvbdenum and Tungster Compounds

CH,Mo(CO),C;H;¢ 315 (1960}
C.H Mo{CO},C;Hc 313 {2120)
CH,W(CO),CH,* 313 (2430)
C.H;W{CO);C He 313 {23990}
CF,Mo{CO};C.H; 220 (22,200) 303 (2919)
CLFMo(CO),C H 218 {23,S00) 310 (2490}
CF,COMo{CO}),C;H; 259 (10,900)
C,F.COMo(CO},C;H, 262 (11,600)
CF,COW(CO}),C;H; 218 (135,700) 253 (14.300) 300 (4300}
C;F.COW{CO);C.H; 256 (15,000) 302 {4100)
CH,=CHTCOW(CO) ;C;H; 278 (13,300}

¢ Extinction coefficient given in parentheses.

% In ail cases the absorption rose strongly as the wavelengta approached 210 my, the lower
Limit of the spectrometer.

¢ Data from ref. 17.

NIMR spectra

In order to conserve sample, the NMR spectra of certain compounds were studied in
chloroform solution contairing a few per cent each of 1,2-difluoro-1,1,2,2-tetrachloro-
ethane {Freon r1z) and of hexamethyvldisiloxane as internal standards for fluorine
{678 ¢) and hydrogen (.95 7) respectiveiy. This permitted observation of both proton
and BF NJR spectra and determination of all chemical shifts on a single sample tube.
In other cases, proton spectra were studied in carbon disulfide solution containing
hexamethyldisiloxane. The binuclear derivatives obtained from perfluoroglutaryl di-
chloride were less soluble than the mononuclear derivatives. Therefore, the F NMR
spectra of these compounds, as in earlier work!, were obtained in tetrahvdrofuran
solutions containing CCI,F (Freon 1I) as an intemmal standard (0.0 ¢). The proton
NMR spectra were recorded on a Varian A-6c spectrometer. The fluorine NMR spectra
(Table ) were recorded at 56.4 Mc on a Varian DP-6o spectrometer. The fluorine
chemical shifts determined by “‘sidebanding’ with known audio frequencies are
given in @ values essentially according to Filipovich and Tiers®. Since the fluorine
chemical shifts were only determined to the nearest 0.I ¢ ( ~5.6 c.p.s.}, the difference
between the two quantitiss of Filipovich and Tiers!® ¢ (chemical shift at infinite

J- Organometal. Chent., 2 (1964) 15-37
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TABLE +
BEF axp 1H NMR SPECTRA OF SOME FLUOROCARBON—METAL CARBONYL DERIVATIVES

ISF N MR Spectra, ¢ Proton NMR

Compound Spectra, T
2{CF+o0r CF3) B{CF,or CFy) +{CF3) C.H

CF,COFe(CO),C H, <+ So.x — — 5.09
CF CO\IofCO)QCSH- + 783 — — 1-45
CF;COW(CO),C Hy + 789 — — 1-35
CF:,}?c{CO):CSH5 — 11.6 — — 5.06
CF.Mo(CO},CH — 123 — — 4453
CF,\IniCO) 2 — 9.3 _ _ —_
CF,Co{CO},= ~— 10.5 —- — —
CF,Fe(CO),I? + 14.7 — — —
C. F sCOFe(CONC,H; <+ 113.6 + So.3 — 5.03
C. FQCO\In;C()) '3 + 1145 + So.3 —_ —

C.F,CORe{CO)y + 116.7 + So.5 — —
C,F;Fe(CO).C;H; + 62.3% 4 Sz —_ 5.01
C.F Mn(CO)? <+ 6838 + 3830 — —
C.F Fe(CO),I® -+ 39.0 - 83.35 —_ —
CLF.COFe(CO).C;H; + 110.7 -+ 126.2 + S1.0 3.02
CLF.CONMo(CO),C; H5 -~ 109.6 + 126.3 -+ S1.2 1.45
C,F. O\\'“‘O):L-H. -~ 108.8 -+ 1206.1 <+ 811 1.32
C3F.CORe{CO);® < 113.7 = 120.7 + S1.0 —
C,yF.Fei{CO).C H = 3583 ~+ 114.8 + 79.1
C,F.Mo(COJ,CoH; + 36.2 + 113.3 -+ 79.0 442
C,F.CoC;H (COj12 <+ 356.3 + 114.1 <+ 79.1 135
C3F73In(CO)5° - ©5.6 =+ 115.3 + 788 —
C,F.CoiCOy b =+ 51.0 <+ 949 <+ 785 —
GyF;Fe(CO), 1 + 549 1144 -+ 78.6 —
(CyF- ). Fe{CO), — 69.x -+ 115.3 -+ 780 -
(CFr. )le();__"etC()} C H, .c = 109.0 +— 122.0 — 5.04
{CF.14{CO). Mo{ {COY, 1CsH; . — 107.85 — 120.7 — 448
(CF. 433iCOY, \In(CO} ::d — 109.0 — 121.0 _ —
{CTF,Fei{CO).C HyT -~ 35.5 = 97.7 —_ 5.04
(CF, ),_.\IO(LO) C H, :: <~ 45.0 -+ gzo —
{CF.Y,- \ImL('\\.‘-d -+~ 55.0 -~ 99.0 — —_
2 Daza froin ref. 7, converted to the & scale.

2 Iata from ref. 29
¢ Data from ref. 10.
¢ Data from ref. 1.

dilution) and ¢* {actual chemical shift of a given solution) is ignored. In previons
paperst-1° by one of us {R.B.K.) on work done at the Mellon Institute, some 197
chemical shifts including thase of (CY_) {CO),:Fe{CO).CH; ., (CF.L)4(CO).ANn(CO);»,
and (CF,}; Mn{CO);. , were given in p.p.m. uoﬁeld from CFCl;. This scale, of course, is
identical to the gr—:cﬂe used in this paper and numerical values are directly ccmparable.

Reagents

Tetrahydrofuran and 1,2-dimethoxyethane were alwayvs freshlv redistilled over
lithilum aluminum hyvdride. Trifluoroacetic anhyvdride and the acid chlorides were
purchased from various sources such as Aldrich Chemical Co., Columbia Organic
Chemicals Inc., Borden’s Monomer-Polvmer Laboratories, Matheson, Coleman and
Bell, and Fisher Scientific Co. Iron pentacarbonyl was purchased from the Antara
Division of General Aniline and Film and the hexacarbonyls of molvbdenum and
tungsten from Climax Molybdenum Company.
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Preparation of the sodiwm salts of the cvclopentadienyimetal carbonyls

A NaFe{CO)C H 5 (ref. 17). A sample of {C;H Fe(CO), . was stirred at room tem-
perature with a 309, excess of sodium metal as freshly prepared ~ 9, amalgam.
After stirring for ~1 h, the original red-brown of the [C;H Fe(CO),}, had become an
orange-brown. Excess amalgam was then drained off through a stopcock at the
bottom of the reaction vessel and the resulting solution generaliy after cooling in a
~—+78° bath treated with the desired halide.

B. NaW(CO),CsH; (ref. 17). Tungsten hexacarbonyl was refluxed 16 h with a
209 excess of sodium cyclopentadienide in I,2-dimethoxyethane. The resulting
vellow solution generally after cooling was treated with the desired halide.

C. NaMo(CO);C;H; (refs. 17 and 19). A sample of [C;H;Mo(CO), . (ref. 19) was
stirred at room temperature with a 30 9, excess of sodium metal as freshly prepared
~I % amalgam. The red-violet color of the [C;H;Mo(CO);}, soon became the vel-
low-grey color of the [C;H;Mo(CO), ~ anion. Excess amalgam was drained off and the
resulting solution generally after cooling used for the desired roaction.

In some cases, when the presence of excess sodium cyvclopentadienide was not
detrimental, the sodium salt NaMo{CO},C;H; was obtained by refluxing molybdenum
hexacarbonyl with a ~20°9; excess of sodium cyclopentadienide in tetrahydrofuran
for ~16 h. This method is especiallyv suitable for larger scale preparations since it
avoids the use of large quantities of mercury. Side reactions of some halides with the
excess of sodium cyclopentadienide or possible presence of small quantities of un-
reacted molvbdenum hexacarbonyl mayx make isolation and purification of certain
products more difficult if this route to NaMo(CO);C. H; is used.

These sodium salts were always handled under nitrogen and cooled to —78°
before adding the acid chloride or trifluoroacetic anhvdride. ’

Preparation of CCH,COFe(COYCH
A scolution of roo mmoles of NaFe{CO).C;H; 1n 300 ml of tetrahvdrofuran was
treated at —;87 with 14.1 g (00 mmoles) of benzovl chloride. After stirring 16 h a
room temperature, solvent was removed at 30 mm. The resulting brown residue was
extricted with 350 ml of chloroform in several portions. These extracts were filtered
first by suction through ~30 g of alumina and then by gravity collecting the final
filtrate under nitrogen. After removal of solvent at ~30 mm, the ~emaining cryvstals
were washed with 300 ml of pentane in 5 portions and dried to give 16.7 g of dirtyv
orange CH COFe{CO).C;H;. m.p. 60-63°. An additional quantitv of less pure
material was isolated from the pentane washings making the total vield of crude
CeH;Fe(CO),C H; 21.1 g (75 °2). The analvtical sample, m.p. 59-627, was obtained by
sublimartion of the crude preduct at ~go°/o.2 mm.

The proton NMR specirum of C;H,COF2(CO),C H; exhibited a resonance at
2.69 T due to the five phenyl protons and a resonance at 5.21 = due to the five cyclo-
pentadieny! protons.

Preparation of CCH.CH=CHCOF{CO).C H,

A 247 g (So09 yield) sample of crude C,;H,CH=CHCOFe({CO),C;H; was obtained
from 100 mmoles of NaFe(CO).C;H; and 100 mmoles of cinnamyl chloride completelv
analogous to the preparation of the crude C;H;COFe{CO),C,H;. Further purification
was accomplished by chromatographyv on a 5 ¥ 50 cm alumina column in benzene
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soiution. The product formed a very large orange band preceded by a small orange band
(Hg{Fe(CO),C5H; ,?) and a small red-brown band ({C;H Fe(CO),].). After eluting out
these impurities with benzene, the orange band of C;H;CH=CHCOFe(CO),C;H, was
also eluted with benzene. This orange cluate was filtered collecting the filtrate under
nitrogen. After removal of solvent from the filtrate at ~30 mm, the resulting orange
crystals of C;H;CH=CHCOFe(CO),C;H; were purified by crystallization from a
mixture of dichloromethane and hexane.

An attempt to purify C;H,CH=CHCOFe(CO),C;H; by vacuum sublimation led
instead to extensive decomposition to non-volatile materials.

The proton NMR spectrum of CgH;CH=CHCOFe(CO).C,H; exhibited a reso-
nance at 2.7I v due to the five aromatic protons, coupled doublets (J = 15 c.p-s.)
centered at 3.16 r and 3.52 v due to the two non-equivalent olefinic protons, and a
sharp peak at 5.16 r due to the five equivalent ¢cyvclopentadienyl protons.

Preparation of CH,—=CHCOFe(CO).C H

A solution of 00 mmoles of NaFe(CO),C;H; in 300 ml of tetrahyvdrofuran was treated
at ~ —78° with 9.1 g (100 mmoles) of acryvlyl chloride. The reaction mixture was
stirred ~ 16 h at room temperature and solvent removed from the reaction mixture at
~ 30 mm leaving an orange-brown residue. After (accidentally!) introducing ~ 50 ml
of water, the product was extracted with three 100 ml portions of dichloromethane.
Solvent was removed from the filtered (through ~ 30 g of alumina) dichloromethane
extracts at ~ 30 mm. A filtered solution of the residue in ~ 300 m! of benzene was
chromatographed on a 5 -/ 30 cm alumina column. After development with benzene,
the initial vellow and brown bands of the rather complex chromategram suggestive
of partial decomposition were eluted with benzene and the eluates discarded. The
remaining vellow band of the CH.=CHCOFe{CO).C ;H; was then also ¢luted with
benzene. This vellow eluate was filtered by gravity collecting the filtrate under
nitregen. Removal of solvent {rom the filirate at ~ 30 mm left behind a dirty yellow
liquid. This liquid was dissolved in ~ 435 ml of pentane, filtered, and cooled in a
—787 barh. Yellow cnystals separated. While still cold, the supernatant liquid
was removed with a svringe and the residue then dried in a vigorous stream of
nitrogen while warming to room temperature. Before thev reached room tem-
perature, the vellow cryvstals melted to give 1.25 g (525 vield) of vellow-orange liquid
CH.=CHCOFe{CO},C;H;.

Preparation of the perfluoroacyl derivatives RECOFe(COY.C H

A solution of oo mmoles of NaFe(CO),.C;H; in ~ 300 ml of tetrahvdrofuran was
treated at —78° with 100 mmoles of either trifluorecacetic anhyvdride or the per-
fluoroacyl chloride. After stirring ~ 16 h at room temperature, solvent was removed
at ~ 30 mm. After admitting nitrogen, the residue was extracted with three 100 ml
portions of dichloromethane. The extracts were first filtered by suction through
~ 30 g of alumina and then by gravity colleciing the final filtrate under nitrogen.
Removal of solvent from this filtrate at ~ 30 mm left a brown residue containing
C H Fe(CO)a s, RiCOTe(CO).C;H;, and tarry by-products. A filtered benzene solu-
tion of this residue was chrematographed on a 5 7 30 to 40 cm alumina column.
A red-brown band appeared consisuing of a mixture of {C;H Fe(CO). . and the per-
fluoroacyl derivative RCOFe(CO),C ;H;. Although a vellow zone containing the per-
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fluoroacyl derivative sometimes was observed adjoining the red-brown band of
{CsH Fe(CO), s, the separation of these materials was incomplete. Nevertheless, the
chromatography step was important in eliminating tarrv by-products impeding
crystallization of the rather low-melting R:COFe(CO},C;H; compounds.

The red-brown band containing [C;HFe(CO},;, and the desired perfluoroacyl
derivative and any adjoining vellow zones of partially separated perfluoroacyl deriv-
ative were eluted with benzene. After removal of solvent from the filtered eluate at
~ 30 mm, the residue was extracted with 50-100 ml of pentane in several portions to
separate the pentane-soluble perfluoroacyl derivatives from the nearly pentane-
insoluble {C;HFe{CO). .. The filtered pentane extracts were cooled in a —78° bath to
precipitate vellow to orange crystals of the perfluoroacyl derivative. In the cases of
the compounds CF;COFe{CO},C;H; and C.F,COFe(CO),C;H; which are solids at
room temperature {25-28%), the cristals were filtered In the usual manner and
purified further by sublimation at 50-80°/0.1—0.5 mm. If necessary-, dry-ice cooling was
used to induce crystallization of the sublimate. The compound C,F,COFe(CO),C H;,
a liguid at room temperature, was isolated in 2 manner similar to that described
above for CH,=CHCOFe(CO).CsH;.

Photochemical decarbonyviation of CH ,COFe(CO).CH

A solution of 1.0 g (4.54 mmoles) of CH,COFe(CO).C;H; in 25 ml of hexane was
irradiated for 16 h. The reddish reaction mixture was poured onto a 2z - 50 cm
alumina column and the chromatogram developed with pentane. The single yellow
band was eluted with pentane. Solvent was removed from the filtered eluate at ~ 30
mm leaving a vellov-orange solid. This was dissolved in ~ 1o ml of pentane. Cooling
787 bath precipitated vellow-orange crvstals

the filtered vellow-orange solution in a
which were finally purified by a rapid sublimation at 50-70°/0.I mm to give 0.30 g
(319 vield) of waxy vellow-orange CH;Fe(CO),C;H; identical with an authentic
sample cbtained from NaFe{CO).C;H; and methyvl iedide according to the procedure
of Piper and Wilkinson'.

Frzparation of CcH Fe(C0).C Hy frou: CcHCOFe(CO)CH

A solutinn of 3.0 g (10.065 mmoles) of C;H;COFe(CO).C H; in 25 ml of thiophene-free
benzene was irradiated for 13 h. Solvent was removed ifrom the filtered reaction
mixture at ~ 30 mm. A vellow-brown solution of the residue in pentane was chro-
matographed on alumina as duescribed above for the isolation of CH,F«{CO),C;H,.
A sin;rk: crystallization of a pentane sclution of the product at —75° then gave o.37 g
(z7 25 vield) of vellow crystailine CgH;Fe(COj,CsH;, m.p. 35-367 (lit.** 26-30°7).

The proton NJMR spectrum of CH Fe{CO),C;Hy (not reported by Piper and
Wilkinson!?) exhibited resonances at 2.74 7 {complex multiplet) and 3.22 r (complex
multiplet) of relative intensities 2:3 due to the five phenyl protons and a resonance
at 5.27 T (sharp singlet) of relative intensity 5 due to the five cyclopentadieny] protons.

Preparation of CHa=CHFe(CO)CH;

A solution of roo mmoles of NaFe(CO),Csid; in 250 ml of tetrahvdrofuran was
treated at —787 with 9.1 g (100 mmoles) of acrylyl chloride. After warming to
room temperature the reaction mixture was irradiated 1S h under nitrogen in a
quartz tube. Tetrahyvdrofuran was then removed from the reaction mixture at
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~ 30 mm. A filtered benzene extract ( ~ 150 ml) of the residue was chromatographed
on a 5 > 50 cm alumina column. Upon development with benzene, a yellow band of
CH.,=CHFe(CO).C ;H; appeared turning black like C;H;Fe(CO).C;H; on exposure to
light followed by the usual red-brown band of {C;H;Fe(CO), .. These bands were eluted
with benzene. Evaporation of the vellow benzene elnate of CH,=CHFe(CO),C;H; left
a vellow liquid contaminated with some crystals, probably Hg{Fe(CO),C;H; .. This
product was extracted with 50 ml of pentane in two portions. Since crystals could not
be obtained by cooling the filtered pentane extract several days at —78°, the pentane
solution was transferred to a sublimation apparatus and the pentane then removed
at ~ 30 mm. The residual liquid was sublimed at 60°/0.1 mm onto a probe cooled to
—78°. A vellow-orange crystalline sublimate was obtained melting on warming to
rocm temperature to give 0.3 g (2% yield) of CH,=CHFe(CO),C;H; containing
~ 5%, of ferrocene as indicated by NMR.

Preparation of the perfluoroalkyl derivatives RiFe(CO).CsH;

A solution of 1.0 g of the perfluoroacyl derivative RCOFe{CO),C;H; in 25 ml of
hexane was irradiated 16 h under nitrogen in a quartz vessel. The product was then
precipitated from the filtered hexane solution by cooling to —78°. After removing
the product by filtration, it was purified further by sublimation at ~ 50%/0.I mmin
a closed system. During the sublimation of the rather low-melting C;F;Fe(CO}.C;H;,
the probe was cooled to —78°.

Since the trifluoromethyvl derivative CF,Fe(CO).C;H; is less soluble than the
corresponding pentafluoroethyl and heptafluoropropyl derivatives, crystals of the
product separated from the hexane solution after the irradiation. These were re-
covered by fittration and then dissolved in pentanc (3 0 26 ml). On cooling the
filtered pentane solution to —78°, the product readily crystallized out. It was
izolated by filiration and purified further by vacuum sublimation.

Preparation of (CF.);{Fe(COVCHs -

A solution of 1.0 g {1.7¢ mmoles) of (CF.)3(CO). Fe{CO),C;H; , {ref. 10) in 25 mi of
benzene was irradiated 16 h under nitrogen with magnetic stirring. The reaction
mixture was then filtered and the residue washed with 20 ml of benzenec. Solvent was
removed from the benzene filtrate and washings at ~ 30 mm leaving a brownish
residue. After washing with two 15 ml portions of pentane and drying, this residue
(0.6 g was sublimed at I40-1607/0.25 mm for ~22 h to give 0.4 g (44 %5 vield) of
vellow crvstalline (CF L) Fe(CO)L.CiHy .

The infrared spectrum of material obtained in this matter indicated the presence
of a small amount of acyl derivative as an impurity. In a repeat preparation chro-
matographyv was attempted in order to obtain a purer product. However, this proved
unsatisfactory, apparently due to decomposition on the column.

Preparation of the perfluoroacyl derivatives RiCOMo{CO)CH,

A tetrahydrofuran solution of NaMo(CO),C;H; was treated at —78° with an equiv-
alent quantity of trifluoroacetic anhydride or C,F,COCIL. After stirring at least over-
night at room temperature, solvent was removed at ~ 30 mm. Nitrogen was admitted
and the residue extracted with three roo ml portions ot dichloromethane. The di-
chloromethane cxtracts were filtered first by suction and then by gravity. Solvent was

J. Organzometal. Ckem., 2 (x964) 15-37



28 R. B. KIXNG, M. B. BISXETTE

removed from the final filtrate at ~ 30 mm leaving a black tarry residue. This residue
was extracted with ~ 300 inl of pentane in several poriions. The pentane extracts
were filtered by gravity collecting the filirate under nitrogen. Cooling the filtrate in a
—78% bath precipitated vellow crystais of the R.,COMo(CO},C;H; derivative. These
were filtered and dried. Further purification was accomplished by dissolving the crude
product in a minimum of pentane and cooling the filtered pentane solution generally
to —78°. The vellow crvstals of the product were then removed by filtration. This
recrystallization procedure could be repeated until product of the desired purity was
cbtained. Analytical data and physical properties reported on the RiCOMo(CO),C;H;
derivatives were generally obtained on samples crystallized three times from pentane.

If cryvstallization of pentane solutions of the trifluoroacetyl derivative
CF,COMo(CO),C;H; is carried out more slowly in a freezer at —15°, yellow needies
up to several millimeters long can be obtained.

Preparation of the derivatives RCOW(CO};C;H

A soluticn of ~ 50 mmoles of Na\W(CO),C,;H; in 250 ml of 1 2-dimethoxyethane was
treated at —73° with 50 mmoles of trifluoroacetic anhyvdride or heptafluorobutyry]
chloride. After stirring ~ 16 h at room temperature, solvent was removed from the
reaction mixture at ~ 30 mm. After admitting nitrogen, the residue was extracted
with three Yoo ml portions of dichloromethane. These extracts were filtered first by
suction and then by gravity collecting the final filtrate under nitrogen. Removal of
solvent from the filtrate left 2 black residue. This residue was extracted with 250-300
ml of pentane in several portions and the pentane extracts filtered by gravity. Cocling
the filirate in a —787 bath precipitated vellow crystals of the perfluoroacyi derivative
R COW(CO),CsH;. Final purification was accomplished by sublimation at 70-80%/o.1
mm. In contrast to the analogous molvbdenum derivatives, no decarbonylation
occurred during sublimation.

The trifluoroacetyl derivative CF,COW(CO).C;H; was only sparingly soluble in
pentane. Therefore, substantial additicnal quantities could be isolated by sublima-
tion at S0—1007 /0.1 mm of the black residue remaining after its pentane extraction.

The acrvlyvl derivative CH.,=CHCOW(CO),C;H; was prepared in 2 similar
manner except that the final sublimation step was omitted.

Preparatios of (CF.);(COY.IMo(CO)CHy

A solution of 50 mmeles of NaMo(CO),C;H; in 250 ml of tetrahvdrofuran (prepared
from C;H Mo{CO); . and Na/Hg) was treated at —78° with 6.9 g (25 mmoles) of
hexafiuoroglutaryl dichloride. After stirring for ~ 16 h at room temperature, solvent
was removed irom the reaction mixture at ~ 30 mm. Nitrogen was admitted and the
residue extracted with three r0o ml portions of dichloromethane. The extracts were
filtered first by suction and then by gravity collecting the final yellow-black filtrate
under nitrogen. Removal of solvent from this filtrate at ~ 30 mm left behind a yvellow-
black tarry residue.

The tarry impurities were removed by washing with ~250 ml of 95 ¢, ethanol
is several portions. Washing of the now crystalline residue with two 25 ml por-
tions of pentane and drving gave 8.1 g (46.5% yleld) of crude dirty-yellow
(CF.)4(CO)"Mo(CO),C;H; . Washing with pentane omitting the ethanol washings
was not effective in removing the tarry impurities.
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The resulting crude (CF.)3{CO).{Mo(CO),C;H 1, was purified by recrystalli-
zation from a mixture of dichloromethane and hexane. The resulting yvellow-gray
crystals were washed with two 20 ml portions of 959, ethanol, twe 20 ml por-
tions of pentane, and dried to give 5.24 g (30° yield) of vellow-gray crystalline
(CF.);3(CO). Mo(CO)CsH; .

Preparation of CE3Mo(CO)C;H

A 1.0030 g (2.93 mmoles) sample of CF;COMo(CO),C;H; was heated at 120° for 2 h at
approximately atmospheric pressure in a flask attached to a mercury-filled gas buret.
A total of 54.6 ml (742.3 mm, 26°) of gas (2.17 mmoles) was evolved. After cooling
to room temperature, the black residue was washed on a filter with four 20 ml portions
of pentane and dried. Sublimation of this residue at 60-80°/o.x mm gave 0.22
(24 °, vield) of bright vellow crystalline CF,Mo(CO),C H;.

In other experiments with samples of CF;COMo(CO),C;H; already partially
decarbonylated by sublimation, vields up to ~609; of CF;Mo(CO),C;H; were ob-
tained. Several grams of CF3;Mo(CO),C;H; were also obtained by heating the crude
preduct from the reaction between NaMo(CO),C;H; and trifluoroacetic anhydride to
120°/ ~ 710 mm for several hours without previous isolation of CF;COMo(CO),C;H;.

Preparation of C.F 3 o(CO),C H,

A 0.9822 g {2.22 mimnoles) sample of C;F,COMo(CO),C;H; (already partially de-
carbonvlated by a single vacuum sublimation) was heated at 120°/ ~ 700-Sco0 mm
for ~2 h. The reaction mixture was then cooled to room temperature and product
extracted from the black residue with 50 ml of pentane in four portions. The filtered
extracts were cooled to —78° for 2 h to precipitate vellow crvatals of C,F, Mo(CO),CsHy
{o.4 g) which were filtered and sucked dry. Fmal punﬁcatlon was accomplished bv
sublimation at 60°/0.1 mm to give 0.38 g (41.3 % Vvield) of bright vellow crystalline
C,FMo(CO),C.H,.

Preparation of (CFL),[Mo(CO),C H .
A 1.c030 g (1.45 mnoles) sample of (CF,)4(CO).1Mo{CO),C;H;:, was heated at 115~
130° at approximately atmospheric pressure until no further gas evolution appeared
to occur ( ~ 28 h). During this period, a total of 64.1 ml (26°, 743 mm) of gas (2.36
mmoles}) was coit te:l After cooling to room temperature, the black residue was
extracted with 3¢ il Gf dichloromethane in three portions. The extracts were filtered
by gravityv collecting the vellow filtrate under nitrogen. After addition of ~ 20 ml of
95°%5 ethanol, the filtrate was concentrated at ~ 30 mm to ~ 10 ml depositing yvellow
crystals. These were filtered, washed with 60 ml of ethanol in several portions followed
by two 15 ml portions of pentane, and dried to give 0.257 g (289, vield) of vellow
crystalline (C} gk '\Io(CO) C;H;i,, which gradually blackened without melting on
heating above ~2007

Analytical data on samples of (CF.);[Mo(CO),CsHj, (Table 1) suggested the
presence of a persistent impurity apparently not removed by crystallization. Un-
fortunately, (CF,);/Mo(CO);CsH; s could not be sublimed without decomposition.
In view of the unsatisfactory results obtained in the chromatography of the more
stable (CF,),Fe(CO).C;H,, (see above), chromatography of {CF,);[Mo{CO),C;H;,
did not appear to be a reasonable method of punfication. The infrared and NMR
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spectra of (CF.);[Mo(CO),C;HSI, resembled to the expected extent those of
(CTF.).Fe(CO).C.H;i, and (CFJ),Mn{CO); . and the persistent impurity could not
be identified from these spectra.

DISCUSSION

A. Preparation of the Acyl Derivaiives

The new acyl derivatives RCOFe(CO),C ;H described in this paper were prepared
gererally by treatment of NaFe(CO),C ;H; with the corresponding acid chloride as in
previous work31%.}* Only in the preparation of the trifluorcacetvl derivative
CF;COFe(CO).C;H, was the liquid trfluoroacetic anhyvdride used in place of the less
convenient gaseous trifluoroacetvl chloride. Previous workers used triflunoroacetic
anhvdride in similar manners for preparations of CF,COMn(CO); (ref. 3} and
CF,COC0o{CO), (ref. 8.

The yvields of the perfluoroacyl derivatives R;COFe(CO).C ;H; were alwazs much
lower ( ~10°;) than in the corresponding preparations of the non-fluorinated acyl
derivatives, much [C;H;Fe(CO), , alwayvs being produced. This may arise from dis-
placement not only of the chlorine atom of the perfluoroacyl chloride {or a trifluoro-
acetate group of trifluoroacetic anhydride) with an -Fe{CO),C;H; group, but also of
flucrine atoms of the perfluoroacyl group with Fe{CO).C;H; groups. The resulting
intermediate containing more than one Fe(CO).C.H; group may- be unstable with
respect to decomposition into fluorocarbons and (C;H;Fe(CO), ..

The yield of the acryvlyl derivative CH.=CHCOFe(CO).C;H; was also abnor-
mally [ow (~ 3 %). In this case, isolation of the liquid product from the reaction
mixture was difficult. Filtration steps during this preparation were very slow, per-
mitting some decomposition to cccur. Treatment with alumina and later chromato-
graphv on alumina were necessary in order to remove tarry by-products; unfortunately
CH.=CHCOFe¢(CO).C ;H; possibly because of the unsaturation did not appear to be
entirely stable to such treatment. Formation of [C;H ;¥e(CO), , in the reaction be-
tween NaFe{CO}L.C.H, and acrvivl chloride as in other reaction: between
NaFe{CO1,C;H; and non-fluorinated acid chlorides was relatively insigniticant and
was not responsible for the low vield of CHL,=CHCOF¢(CO},C H;.

An attempt was made to prepare the acetvlenic acyl derivanive CgH Cz=
CCOFe(COj.CsHj from CHC=CCOC! and NaFe(CO),Cs;H; using techniques analo-
gous to those suitable for the preparation of many- of the acyl derivatives described in
thts paper such as CGH;COFe(CQO}.C;H; and CGH,CH=CHCOF¢(CO),C;H;. Instead
of the expected orange product, a black apparentli- polymeric solid was obtained,
giving viscous and difficultly filtered blacl: solutions in organic solvents. Analvses for
all elements, although only approximate, suggested that this material consisted
mainly of polymeric species of compositien [C,H,C.COFe(CO),C;H; . The infrared
spectrum exhibited strong terminal metal carbonyl bands at 2025 and 1960 em™?
and ketonic or acvl carbonyl or carbon-carbon multiple bond absorption at 1762 (s),
1715 {m}, and 1380 (w, br) cm~* This obviously complex matenial has not been
investigated in detail.

The perfluoroacyl molvbdenum derivatives RCOMo(CO),C;H; were obtained in
an analogous manner from NaMo(CO),C;H; and the appropriate acid chloride or
trifiuoroacetic anhydride. Only in the preparation of CF;COMo(CO),;C;H; was the
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formation of any {C;H;Mo(CO), ., observed in contrast to the preparations of the
iron analogues. However, NaMo(CO),C;H; is significantly less reactive than
NaFe(CO}.,C;H;™ and thus is probably not capable of replacing fluorine atoms in
perfluoroacyl groups. Work carried out in this laboratory and described elsewhere2!
on reactions between metal carbonyl anions and certain aromatic fluorocarbons de-
monstrates the lower reactivity of NaMo(CO),C;H; than of NaFe(CO),C;H; in dis-
placement of fluorine atoms thus supporting this hvpothesis.

These new perfiuoroacyl derivatives R{COMo(CO),C;Hy are vellow crvstalline
solids which, especially when impure, turn blue on exposure to air for several hours.
Although theyv are appreciably volatile, theyv cannot be purified by vacuum sublima-
tion due to partial thermal decarbonvlation. The yvellow to orange sublimates ob-
tained from sublimation of the RCOMo{CO),C;:H; compounds thus consists of
mixtures of RCOMo(CO),C;H; and the corresponding RyMo{CO),C;H; compounds.
For example, analysis by F NMR of the material obtained from a single sublimation
of CF3;COMo(CO),C;H; indicated it to be a mixture of ~350 9 CF;Mo(CO),Cs;H; and
onlv ~ 3509, CF,COMo{CO),C;H;. Similarly, material obtained from a single sublima-
tion of C,F.COMo(CO),C H; consisted of ~209% C F.COMo(CO);C;H, and ~809;
C4F.Mo(CO),C H,.

Several vears ago, the preparation of C;F.COMo(CO),C;H; was briefly describeds.
However, this material was purified by vacuum sublimation. The instability of
C F.COMo{CO),C;H; to vacuum sublimation and the infrared spectrum of the ma-
terial from this older preparation!? indicate that the compound then under investiga-
tion was mainly C;F, Mo(CO),C,H; containing only sufficient C;F,COMo(CO),C H; to
exhibit 2 medium intensity acyl carbonyl band in the infrared spectrum.

In agreement with previous observations on the instability of RCOMa{CO)},C;H;
derivatives where R is a non-fluorinated acyl group® !, swe were unable to ob-
tain the acrylvl and benzoyvl derivatives by treatment of NaMo(CO),C;H; with
acrvivl and benzovl chlorides, respectively. The only identifiable product of these
reactions was {C;H;Mo(CO); .. In an attempt to prepare the chromium derivative
CF,COC(CO},C H;. the green derivative [CyH;Cr(CO);oa (ref. 22) was reduced in
tetrahydrofuran with dilute sodium amalgam to give a vellow solution apparently
containing the sodium =alt NaCr(CO),C,;H,. Treatment of this solution at —78% with
trifluoroacetic anhvdride gave a vellow solution which turned red on warming o
raom temperature. Neither vacuum sublimation nor pentane cristallization after
initially removirg the product by dichloromethane extraction gave significant
anmounts of CIF,COCr(CO)4C;H; or its decarbonyvlation product CF,Cr(CO),CH:.

The analogous tungsten derivatives RCOW(CO),C;H; were obtained in a manner
completely analogous to the molvbdenum derivatives. They were more stable than
the molrbdenum derivatives and could be purified by vacuum sublimation without
danger of partial decarbonyiation to produce the corresponding alkyvl derivatives.
Even the acrylvl derivative CH,=CHCOW(CO);C;H; could be obtained as a stable
vellow-orange solid in contrast to the molvbdenum derivative too unstable for pre-
paration at least by techniques used in this work. Formation of IC,;H;\W(CO), -, was
never observed in the preparation of anv of these acyl derivatives.

The absence of the two pentafluoropropionyl derivatives C,F;COM{CO),C;H;

" For a general discussion on the reactivity of metal carboayl anions see ref. zo.
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(37 = Mo and W) among the compounds described in this paper reflects the un-
expected failures in several attempts at their preparation from the corresponding
sodium salts and either pentafinoropropionyl chloride or pentafiluoropropionic an-
hydride. It is presently not clear why the preparation of these pentafluoropropionyl
derivatives should present more difficulties than the preparation of the analogous
trifivoroacatyl and heptafluorobutyryl derivatives.

B. Decarbonylation of the Acvl Derivatives
Piper and Wilkinson? describe the preparation of the phenyl derivative
CeHsFe(CO).C;H; in 3 9 vield by treatment of Na¥e(CO),C;H; with iodobenzene and
in 2z 9, vield by treatment of CsH Fe(CO).I with phenvimagnesium bromide. The pre-
pa.ratxon of CaH Fe(CO).C;H; by photochemical decarbonylation of the benzoyl
derivative CcH;COFe(CO).C H appears to be far superior to either of their prepara-
tions. The benzoyl derivative C;H;COFe{CO}.C;H; may be readily obtained in 75 9%
vield from NaFe(CO).C;H; and benzoyl chloride. Its photochemical decarbonylation
to the phenyl derivative C¢HFe(CO}.C H; proceeds in 17 % yvield. The overall yield of
C,H Fe(CO).C H; from [C;H;Fe(CO)a:, is thus ~x2°;. \Ioreox er, C;H Fe(CO),C;H;
obtaired frcm the benzovl derivative was found to melt sharplv at 35-36° whereas
Piper and Wilkinson report their CgH;Fe(CO).C;H; to melt at 26-30°. The lower
melting poini and greater rielting range of the material reported by Piper and Wilkin-
son suggest that neither of their syntheses of CiH Fe(CO}.,C;H produces material
as pure as that obtained by photochemical decarbonylation of the benzoyl derivative
as described in this paper.

As described above, the isolation of the CH,=CHCOFe(CO)},C.:H; from the
reaction m.ixture obtained from NaFe(CO).C;H; and acryvivl chloride was difficult
and the vield of pure acrylyl dedvative was low. Therefore, the vinyvl derivative
CH.—CHFe(CO).C;H; was obtained by direct irradiation of the reaction mixture
obtained from NaFe(CO).,C;H; and acryvlyl chloride avoiding the difficult and in-
efficient Intermediate isolation of the acrviyl derivative. The yvield of the vinyl
derivative was also low and its isolation difficult. Even the best sample was con-
taminated by amounts of ferrccene detectable in the NMR spectrum, but not sufficient
to noticeably affect the elemental analvses. Although the preparation of this vinyl
derivative described in this paper is inconvenient and inefficient and does not lead
to an entirelv pure product, it is very significant in representing the first preparation
of a compound with an unsubstituted uncomplexed vinvl group directly bonded to a
transition metal.

Initial attemptsto decarbonylate the molybdenum derivatives R¢COMo(CO);C,H;
were carried out photochemically analogous to the successful decarbonyvlation of the
iron derivatives RCOFe{CO},C.;H,. These experiments led to extensive decomposition
into black insolizble and non-volatile material. Small quantities of the corresponding
perfluoroalkyl derivatives RedMo(CO);CH; (~ 15 % vield at best) were isolated from
some of these reactions but were often contaminated with unchanged perfluoroacyvl
derivative.

The decarbonvlation of RyCOMo{CO),C;H; derivatives on sublimation suggested
thermal rather than photochemical decarbonyvlation for the preparation of
RedMo(CO}.C-H- derivatives. It was found possible to convert these perfiuoroacyl
derivatives to the corresponding perfluorcalkyl derivatives by heating at x20° at
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atmospheric pressure until no further gas evolution occurred. Some decomposition
also occurred to produce black insoluble material.

The trifluoromethyl derivative CF Mo(CO),C ;H; is a bright-vellow solid which
darkens on exposure to light. Like CF;Fe(CO).C,;H;, it possesses a higher melting
point ( ~ 150%) and lower solubility than most other RMo(CO),C;H; derivatives. In an
attempt to prepare a fluorocarbon transition metal derivative containing two different
transition metals, the reaction between NaFe(CO),C;H; and CF Mo(CO),C;H; was
investigated. An exothermic reaction occurred but the only products isolated from
the reaction mixture after chromatographyv were {C;H;Fe(CO).!. and unchanged
CF;Mo(CO),C,H,.

C. Infrared Spectra

In general, the infrared spectra (Table 2) of the new compounds described in this
paper correspond to those previously reported for related compounds. All of these
cvclopentadienyl derivatives exhibit a weak, but definite carbon—-hydrogen stretching
frequency” at 3070-3100 cm™! arising from the carbon-hyvdrogen bonds of the cyclo-
pentadienyl ring. In most cases, the RFe(CO),C;H; derivatives exhibit two strong
bands in the range 20350-1950 cm™! due to the metal carbonvl groups; the
RM(CO),C;H; (M = Mo or W) derivatives mayv exhibit two or three frequencies.
in addition, the acyl derivatives exhibit a medium tc strong band In the range
1600-1660 cm™! as in previously reported acyl derivatives!?.23 due to the acyl car-
bonxl group. The cyclopentadienyl group iz responsible for medium to strong ab-
sorptions generally in the range S00-850 cm™! and some weaker absorptions around
1000 cm™! as indicated by comparison of the specira of other similar cvclopenta-
dienyl derivatives.

In addition to these absorptions, the infrared spectra of the fluorocarbon deriva-
tives exhibit strong absorptions in the range 930-1300 cm™! due to the carbon-
fluorine siretching frequencies®3. The presence of more than one kind of fluorine in the
pentafluorcethyl, heptafluoropropyl, hexafluorotrimethvlene, and corresponding acyl
derivatives complicates interpretation of this region of their spectra. However, the
presence of only one tvpe of carbon-fluorine bond in the trifluoremethyt and corre-
sponding trifluoroacetyl derivatives simplifies the interpretation of this region of their
infrared spectra.

The three trifluoroacetyvl derivatives CF;COFe(CO).C,H; and C¥;CO3(CO);C;Hy
(M = Mo and W) exhibit three strong carbon-fluorine bands in their infrared spectra
at 1223 — 4, 1175 = 1, and 1126 = ¥ cm~i The two trifluoromethyl derivatives
CF, Fe(CO).C;H; and CF;Mo(CO)},C;H; exhibit three or four strong carbon-fluorine
bands in their infrared spectra but at the much lower frequencies of 106S, 1042, 1013,
and ¢85 cm™ for the iron complex and at 1044, 1004, and 976 cm~* for the molyvb-
denum complex. The much lower carbon-fluorine stretching frequencies of the tri-
fluoromethyl derivatives indicates a lower carbon-fluorine bond order in these com-
pounds. This could arise from significant contributions of ionic “‘no-bond™ resonance
structures such as (I) with a double bond between the metal atom and the carbon
atom of the CF; group and no bond between this carbon atom and one of the fluorine
atoms.

Resonance structures related te (I) of perfluoroalkyl-transition metal derivatives
permits explanation of much of their chemisirv and prediction of new chemistry.
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Contribution of such structures would be expected to sirengthen the metal-carbon bond
but to weaken the carbon—fluorine bond. This is in excellent agreement with the well-

F
} +
F~ C=>(CO)CH,
F
m

known stability of fluorocarbon-transition metal derivatives to cleavage of the
metal-carbon bond” but their susceptibilitv to removal of fluorine by basic

reagents®s.

D. NMR specira

The close similarities between the F NMR spectra of the new fluorocarbon deriva-
tives described in this paper and previously reported fluorocarbon derivatives
{Table 4) demonstrate the similarities between fluorocarbon derivatives of cyeclo-
pentadienyl metal carbonyls and pure metal carbonyvls. The fluorine atoms of the
«-CF, or CF; groups of the perfluoroalkyl derivatives R;Fe(CO),C;H; and
RMo(CO),C;H; like those of the perfluoroalkyl derivatives ReM(CO); (M = Mn and
Re} and R;Fe(CO),I exhibit unusuallyv low chemical shifts. The chemical shifts of the
fluorine atoms of the z-CF, or x-CF, groups consistently decrease in the series
RMn{CO); > RFe{CO),CH; > ReMo(CO),C H,.

The chemical shifts of the resonance due to the five cyvciopentadienyl protons of
tke cyclopentadienyl ring of the RFe(CO).C;H, and RMo(CO),C;H; denivatives are
almost identical to the chemical shifts of the cvclopentadieny! protons in the corre-
sponding RyCOFe{CO),C;H; and RLOMo{CO),C,;H; derivatives. As an approxima-
tion, the chemical shifts of the cvelopentadienyl protons in C;H Fe(CO),R derivatives
appear to be inversely related to the electronegativity of the R group!®, but influenced
not onlv by the efiects of the g-bond beiween the iron atom and the R group, but
alse by aay back-donation of the lone electron pairs on the iron atom to the R
group* . The similaritv of the chemical shifts of the cyclopentadienyl resonances in
R¢Fe(CO).C H; and the corresponding RiCOFe{CO).C ,H, derivatives suggests similar
electronegativities for perfluoroalkyl and the corresponding perfluoroacyl groups
taking into account any effects of back-donation. Partiallv decarbonylated mixtures
of periluoroacyl derivatives could not be analvzed from their cyvclopentadieny
NMR resonances due to this chemical shift similarity.

The preparation of the first transition metal derivative of an unsubstituted,
uncomplexed vinyvl group, CH,=CHFe{CO}.C,H;, nade of particular interest a com-
parison of the NMR spectrum due to its vinyl group with that due to the vinvl groups
in the acrylvi-transition metal derivatives and in CH.=CHCCo04(CO)4 {II} (ref. 26),
where a’vinvi group 1n a transition metal complex is likewise bonded to a carbon
atom rather than directly to a transiuon metal (Table 5).

A vinvl group contains three different types of single protons. If the chemical

" For example, the stabilizy of the iron-carbon bonds in (CF.),Fe{CO', to bromine at 350°
{ref. 243
** Thus the chemical shifts of the cve
chloroform selution are 5.96 7 (X = CI), 2.07 7 (X == Br}, and 4.93 7 {X = I). The effect of clectro-
negativity increasing in the series I << Br < Cl is almost completely balanced by the effect of
increasing back-donation in the series CI < Br < I.

clopentadienyl protons in the ha'ides C;H;Fe(CO),X in
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TABLE 5
PROTON NMR SPECTRA OF VINYL AND ACRYLYL TRANSITION METAL DERIVATIVES

Chemical Skifts Coupling Constants CHy

Comporend of Vinyl Protons, c-ps. Protons
] M X U Jilax (Jlax (Jlax T
CH.=CHCOFe(CO),C;H, 3.55 1.50 3.22 17 10 2 5.16
CH.=CHCOW(CO),C, H— 3.6z 1.65 4.92 17 10 2 1.42
CH.=CHFe(CO).C.Hy 3.07 4.68 4.18 17 8 not 5.25
observed
CH.,=CHCCo0,4(CO),= 2.27 154 4.71 17 34 2 —

¢ Ref. 26.

shifts of these protons are large in comparison with the coupling constants between
them as is the case with the vinyl and acrvlyl transition metal derivatives, the NMR
spectrum of a vinyvl group may be analyzed as an AMX svstem for which a twelve-line
spectrum is expected. In this particular case, it is convenient to designate as A the
proton bonded to the carbon atom to which no other proton is bonded; as M the
proton in a {rans-position relative to the proton designated as A; and as X the proton
in a cis-position relative to A (IIT). Analyvses® of the spectra of other vinyl derivatives
demonstrate that | Jaw > | Jax !> i Jux *, 7., the coupling constant between
the protons in frans-positions on neighboring olefinic carbon atoms is greater than the

co
OL\CO/C()LO
CH,=CH- (.—-CO CO
Oc /So\u_)(o Ha o o-Hx
co X~ “Hy

(n (IIL)

coupling censtant between the protens in ¢fs-positions on neighboring olefinic carbon

atoms which in turn is greater than the coupling constant between protons bonded
to the same olefinic carbon atom. If we assume that in the vinyl and acrylyl deriva-
tives of which the spectra are given in Table 5, a similar relationship of coupling
constants holds, then in the two acrvlyl derivatives CH,=CHCOF¢{CO).C;H; and
CH,=CHCOWI/CO),C;H; the chemical shifts increase in the series A << M <X,
whereas the chemical shifts of the vinylic protons in CH ,=CHFe{CO),C;H; where the
vinyl group i= directly bonded to an iron atom increase in the series A << X < M.
Thus, the scequence of chemical shifts of two of the three protons of a vinvl group
direcily bonded o a transition metal appears to be inverted relative to the sequence
of two of the three protons of a vinyl group bonded to a main group element such as
carbon. It is of interest that in CH,==CHCCo,4(CO), where the vinyl group is bonded
to a carbon atom rather than to the cobalt atom, the Chemlcal shifts like those of the
acrviyl derivatives increase in the series A << M << X, although the chemical shift

" In this paper, the question of the signs of the coupling constants is ignored.
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of the proton designated as A is greatly different from the corresponding proton in
either the acryvlzi derivatives or CH.—=CHFe(CO).C;H;.

An aiternative, although less likely, interpretation of the spectrum of
CH,=CHF¢(CO).C.H; is that the chemical shifts increase in the series A <M < X
as in the acrylyl derivatives but that two of the coupling constants are reversed such
that they decrease in the series ; Jax !> ! Jayx > ! Jauxi. In anyv case, the NMR
spectrum of CH,=CHFe(CO).C;H; suggests that vinyl groups bonded directly to
transition metals may be distinguished by NMR from those bonded to carbon atoms
just as similar distinctions can be made by NMR concerning the atom to which a
hyvdroges: atom, perfluoroalkyl group, or methyl group is bonded.

E. Ultraviolet spectra

It is of interest to compare the ultraviolet spectra of the new compounds described in
this paper with those of the RFe(CO).C;H; and RM(CO)},CsH;s (M = Mo and W) deri-
vatives of Piper and Wilkinson'” and with the spectra .eported by Lundquist and Cais
(Table 3). In all of these compounds, a maximum was noted at 300 to 3060 mp with
extinction coefficients of ~ 700 to ~ 5000 except where the presence of an adjacent
much stronger maximum obscured this band fe.g., C;H,CH=CHCOFe(CO),C;H; and
the perfluorocacyl derivatives RiCOMo{CO),C;H; . This maximum corresponds to the
“MC-band’’ of Lundquist and Cais3. In addition, the uliraviolet spectrum of the acvl
derivatives exhibited a2 much stronger maximum (¢ = 10,000 to 13,000} at ~ 240
to ~ 280 mp, apparently characteristic of the bond between the metal and the acyl
carbonyl group. In the case of the acyl derivatives ReMo(CO),C;H; and CH,=
CHCOW/(CO),C.H;, this relatively strong maximum due to the acyl carbonyl group
apparently overlaps sufficiently with the much weaker “*MC-band” so as to prevent
observation of the latter.

SUMMARY

Cltraviolet irradiation of the acyl derivatives RCOFe(CO).CiH; (R = CF,;. C,L,
C,F., CH,, CiH;, and CH.=CH) in benzene, hexane or tetrahydrofuran soiution
produces the corresponding alkyl derivatives RFe{CO).C;H;. Heating the acyl
derivatives RCOMo(CO},C,H; (R = CF, or C,F;) to ~120° produces the correspond-
ing alkyl derivatives RMo{CO),C;H;. The new compounds (CF ) Mo{CO),C;Hjy .,
{CF.), Fe(CO).CiH; .. and RCOW(CO),C;H; (R = CF,, C,F;, and CH,=CH) arc

also described.
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