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Abstract
 Reactions of the compounds threo-PhCHDCHDFe(C0)2(n-CSHS) (1), cis-

(threo-PhCHDCHD)Mn (CO),PEt, (II) and trans-(threo-PhCHDCHD)W(CO),(PEt,) (n-CgHg)
{II1) with S0, yield the corresponding S-sulfinates with inversion of configu-
ration, éonsistent with an SEZ (inversion) process. Reaction of I with PPh3
in acetonitrﬂé'gives the acyl complex, (thﬂ—PhCHDCHDCO)Fe(Co)(PPh3)(n-C5H5),
cdnsistenf vﬁth a 1,2-migration of the alkyl group from the metal to a

coordinated carbonyl group.

Sulfination of transition metal alkyl compounds (eq. 1) is a very

. 0
i
LnM —R + 502 —_—> LnM —:ﬂ: —R (1)
. . 0
general reaction which has been much studied [1]. Although often referred

“to as arijv"i_ﬁSert"ion reaction", because of the nature of the product(s),
cqrrén;jopihiOn actually favours an Sg2 (inversion) [2] type of mechanism (2)
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:~> The product obta1ned 15 genera]]y tre S-su1f1nate, although 0- su1f1nate
’1somers ere somet1mes,detected- Such a mechan1sm requ1res inversion of stereo-
'chem1stry at the u-carbon atom, a phenomenon which has prev1ous]y been reported
7 for reactlon (3) [5] _ , -
erz;h Me3CCHDCHDFe(CO)2(n-CsH ) + 502 -——9 threo-Me3CCHDCHDSOZFe(60)2(n—05H )
Ne have ut111zed the prlmary a]ky] 11gand -threo- PhCHDCHD— to study

the stereochemlstry of a w1de var1ety of a]ky] cleavage, transfer and migration
reactlons [4-7] He now divulge stereochem1ca1 1nformatxon concernlng sulfi-
nat1on react1ons of - the complexes threo PhCHDCHDFe(CO)Z(n C5H5) (1), c15-
(threo—PhCHDCHD)Mn(CO)4PE 3 (II) and Ergn§;(threo-PhCHDCHD)u(CO)Z(PEt3)(ﬂ-CsHS)
(11;)’,3533911'35 the conversion—of I to:the acyl species, (threo-PhCHDCHDCO)-
:Fe(CD)PEhé(n-Cshs)L The phosphine-substituted compounds, II and III, were chosen
ouer;the unsuhstituted carbonyl derivatives not only because it was expected,that
the:]attervmouid be muoh_1ess stable-thermai]y, but also because substitution of
;eloerhonyiwgroup by a tertiary phosphine is known to lead to increased reactivity
with S0, [11.

‘ggper1ment§1 .
7 H{ZH} and 13C{ H} n.m.r. spectra were run on a Bruker HX60 N.M.R.
Spettrometer, -infrared spectra on a Perkin Elmer 180 instrument and mass spectra
-on aVJeolco JMS-0ISC high resolution mass spectrometer. Ana]yses were carried

out by M}croana]ysis Laboratories, Ltd., Toronto. Pertinent I.R. and 1

Hn.m.r.
:deta are:presented-in-Tebles 1 and 2 respectively.
A All procedures were performed in vacuo or under a n1trogen atmosphere
us1ng Sch]enk apparatus. Compound I Was prepared. as prev1ous]y reported [s].
C1s-tetracarbony1(1 2-d1deuterophenethy1)(tr1ethy1phOSphlne)manganese(Il

(Ilfei The compound [Mn(C0)4PEt3]2 was prepared by the method of Lewis et a]. [8]
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': nd c]eaved w1th sod1um—potass1um al]oy [9] in THF over nine hours. The resulting

‘bsolut1on of [Mn(CO)4PEt3] was treated with erxthro -PhCHDCHDOTs [6] in THF and
stlrred overn1ght to give a solut1on of II.- The solvent was removed under
reduced pressure, and the product was extracted with petroleum ether (b.p. 30-

- 60°) and then filtered through Celite. The filtrate was cooled to -20° to pre-
cipitate;any unreacted [Mn(CO)4PEt§]2. Further cooling to -78° allowed recovery
of unreacted erythro-PhCHDCHDOTS. ‘Finally the orange solution of fI was chroma-
tographed on alumina (80-200 mesh) and eluted with 1:1 petroleum ether-benzene.
Only the first 75% of the resulting broad yellow band gave pure product, an
air-sensitive orange, viscous oil, on removal of solvent under reduced pressure.

(Yield 55% based on [Mn(co)4PEt3]2 consumed. )
Trans-dicarbonyl (n-cyclopentadienyl)(1,2-dideuterophenethyl) (triethyl-

phosphine)tungsten(II) (III). The compound cis-(n-Cghg)W(C0), (PEL,)I, prepared&

by the method of George and Turnipseed [10], was reduced with sodium-potassium
alloy in THF over two hours. The anion solution was then treated with erythro-
PhCHDCHDOTs in THF and stirred a further two hours. The THF was removed -under
reduced pressure and the yellow brown residue was exiracted with 66H6. After
filtering through Celite, the filtrate was concentrated and then chromatographed
on alumina (80-200 mesh), a single yellow band being eluted with 1:1 petroleum
ether-benzene. Recrystallization of the product from CH,Cl,-petroleum ether gave
III as yellow needles (yield 78%), m.p. 97 - 99°. Calc. for 021“2702°2P”'
C, 47.56%;, H+D, 5.89%. Found: C, 47.73%; H+D, 5.44%.

Dicarbonyl (n-cyclopentadienyl ) (1,2-dideuterophenethylsulfinato)iron(II)

(IV). A 0.5 g sample of I was refluxed in neat SO2 for five hours, after which

time tne SO2 was allowed to evaporate. The residue was dissolved in CH2C12 and
chromatographed on an alumina column (80-200 mesh) to yield a small amount of
unreacted I. Elution_with f:] CH,Cl,-acetone then gave yellow IV in 75% yield.
Calc. for C]SH]ZDZFe04PS: C, 51.74%; HiD, 4.62%. Found: C, 51.84%; H+D, 4.36%.
Cis—tetracarbony](1,2-dideuterophenethy]su]finato)(triethylphoéphine)-

manganese(I) (V). A 0.2 - 0.3 g sample of II was refluxed in neat S0, for three

hours. After a]]owing'the 502 to evaporate, the yellow 0il was dissolved in

CH2C12 and chromatographed on Florisil, eluting with a 1:1 mixture of CH?_C'I2 and

(Continued énip. 224)
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nyl- conta1n1na 1mpur1t1es; Other‘fract1ons co11ect, ‘if:ia;

lorange 011 ‘appear1ng not to be very robust thermally or photochem1ca11y ‘ Calc. for

=C13“zé énnosps._ C, 47. 37%, HiD, 5. 74z.¢ Found’« c. 47 91%, H+D 5. 71%. 5‘*'

The samp]e for H n. m r. spectroscopy ‘was synthes1zed by condens1ng

H~0 5 ml SOZ, and: 0 050 m] CH2612 onto 0. 08 g of 1I contaIned in an n.m.r. tube
'at 196° The tube was sea]ed and a]]owed to warm to room temperature for 30
anutes before the spectrum of V was taken ' .

Trans dlcarbonyl(n-cyclopentadIenyl)(1 2- dloeuterophenethy1su1f1nato)-

_(trlethylphosph1ne)tungsten(II) (VI) A 0.2 - 0.3 g sample of III was refluxed

‘in neat. SO2 for two heurs, after which time the SO, was a]]owed to evaporate.

:The yellow 011 was d1ssolved in CHZCTZ—EtZO and formed ye11ow crystals of VI in 50%
yler over flve days at‘—20°- Other preparatIOns which 1nc1uded chromatography an a
m1na with e]ut1on by benzene-acetone m1xtures during the work-up procedure yielded a
spectroscop1ca]1y pure product which could not be 1nduced to crysta111ze. Cale.
for CZT“Z? 204SPH{ C, 42.44%; H+D, 5.26%. Found for 011. C, 41.68%, H+D, 5.66%.

':Carbonjlin—cyc1opentadieny])(2,3—dideutero—§;pheny1propjonyl)(tri-

pheﬁziphg§phinejfron(ll) (VII);”'I (0.5 g) was refluxed for six hours under
nitrogen fniacetonftriie solotion (50 m1) with an equivalent amount of PPh3 The
progress of the reaction was mon1tored by following the growth of the product
cyc]opentad1eny] resonance at 64 38. (3JPHV- 3 Hz} in the Hnomar. spectrum.
‘After complet1on of the- react1on, the solvent was removed in !gggg: The product
was chromatographed on- a]um1na (80-200 mesh), e]ut1ng with’ 1 1 petroleum ether-
methylene chlor1de. RecrySta111zat1on from benzene/petroleum ether yielded the
orange-_ye'l'low produc-_ in 70% y'leld-,, Calc. for the perhydro analogue C33H29FEO2P.
, 72 80,,' . 5.34%. Found- C, 73. 67%, H, 5. 44%.:7

DISCUSSIOH i
The preparat1ons of‘compounds I - ITI are fa1r1y stra1ghtforward, and

mer1t 11tt1e dlSCUSSlOn, a1though II was. suff1c1ent1y unstab]e thermally that -
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iQoééféﬁﬁ]iSéé‘ﬁbuld:ndijbé'obtainéd.~ The formulation of the compound was veri-
'fiédiﬁysfhé'mﬁésfshegtrUm of ‘the pérhydro,analogué (Tab]e 3), in which both the
iﬁﬁlecq1§rgi6n3aﬁ&5a réasonablé fragmentation pattern are evident. The IR spec-
tfﬁm?iﬁ\tﬁé'céfbény]lregion is typical of cis complexes of this typeA[11,12],
whi]e;the-h.m;r;”spectrum exhibits reasonable chemical shifts. Integration of
“the n;m:r;;spectrum suggests that the «~-CH resonance lies under fhe methylene
Are'rsonan‘ce of the. phosphine.

‘ Formulation of III as the trans isomer is consistent with previous
formulations of similar compounds in the Titerature [10,13], the relative inten-
‘sities of the CQrbonyl stretching frequencies and the cyclopentadienyl hydrogen-
phoSphorus coupling constant being the key data.

Formulation of compounds I - III a&s the threo diastereomers is based

on the low values of 3JHH. For purposes of comparison, values of 3JHH for

Table 3. Mass Spectrum of cis—PhCHZCHZMn(CO)4PEt3

Ion m/e Relative Abundance
[PhCH,CH M (C0)4PEE3T" 390 6
[PhCH,CH,MnCOPEL T+ 306 1
[PhCHyCH,Mn (€0) 41* 285 53
[PhCH,CH,MnPEL 1" 278 8
[PthPEt3]+r 250 19
[Mn (CO),PEE T 229 19
[MnCOPEt,T* 201 13
[HMnPEt,]" | 174 100
[M§P5t3]+ . 173 53
[MnCpHgPRT™ . 160 19
tMephlt 132 24
[HPEt5T , _ 119 42
[CHgPhTY 105 33

Mn* : 55 68




by the carbony1ate an1on onitheza arbon atom of the tosylate [3 4 6 7]a%t:ﬁ;

: ﬂ_ <Su1f1nat1onfff a]lsthree a1ky1 compounds proceeded smooth]y and, -

?Judgrng from the su]fur-oxygen stretch1ng frequenc1es of the products [1],
'compounds TV - VI, y1e1ded on]y the S-su1f1nates. A Iarge number of compounds
Aana]ogous to Iv are known [1], and Iv appears to be qulte typlca1 of compounds
of - the - type n-C5H5FE(CO)2(502R) As prev1ous stud1es of electroph111c c]eavage
reactions’ had demonstrated that some electrophlles 1nduced scramb11ng of the
methylene carbon atoms of I v1a an 1ntermed1ate conta1n1ng a coord1nated pheno-
nium. ion [61, su1f1nat10n of n-CSHSFe(CO)ZCHZCHZPh.]abe1led to the extent of
5% with carbon-13 in the a pos1t1on [6] was also carr1ed out. Sulfinato product
was obtained containing the 1ane1 “intact at the a-p051t1on (o(a-CHz) 73.9,

8(8- CHZ) 27.8, G(C5 5) 87.6 ppm w1th respect to internal TMS), showing that the
phenethyl group had behaved as a “"normal" alkyl ligand dur1ng the reaction.

The manganese and tungsten series, representedrhere‘by Y and VI, have,
honever, been mﬂch'1ess studied. While compounds of the type RS(.')ZMn(CO)5 seem
to be quite robust [14], the compound cis- (MeSOZ)Mn(CO)4PPh3 [15] is unexpectedly
labile. Qur compound, V resembles the 1atter, and could only be cnaracter1zed
-nith difficu]ty; it decomposed in the mass spectrometer, but its I.R. and
n.m.r. spectra are comp1etely consistent with our formulation. -

Although it has been reported that n-CSHSN(C0)3Me in reflux1ng 502
provides only traces of a sulfinato complex [151, n- 5HSMO(CO) (PPh We is
much more reactive than is n—c5 5Ho’CO) Me Ll], and thus the observed react1on
‘of our tungsten;alkyllcompound, III, 1is not surprising. Formulation of the
pfoduct; VI, as the trans isomer is based on the relativevintensittes”of the
htwo I1.R. carbony] stretching bands [13,10] and is consistent with the stereo-
chem1stry of the ara]ogous mo]ybd°num series []6] '

) _ _' The re]at1ve1y large va]ues of 3JHH for the compounds IV - VI (Tab]e 2)
;shou that each of these compounds is. the. erxgh d1astereomer. The resuIts are

;cons1stent w1th the one prev10us stereochem1ca] study of th1s type [3], and
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igﬁﬁé@éfjtpefbgﬁéthgsisAthétssoz "insertion" reactions iﬁto transition metal-carbon
ipiciﬁd#;%ihﬁo’lﬁéaﬁjSﬁ'(invers'ion)'process (2). The observed stereospecificity
'affﬁhglmefal atoms during the reactions of II and III, on the other hand, is

ﬁrobéb{y;ﬁbt sigﬁificant. The products, V and VI, assume the thermodynamically
more stab]e,éonfiguration [11,17], while Wojcicki-et al. [18] have shown that
gj§;HgMn(C0)4(*CO) feacts wifh S0, to give both cis and trans products, i.e. -
in a comb]ete]y non-stefeospecific manner.

- Reaction of I with PPh3 to form the acyl derivative, VII, proceeded
with retention of configuration, as expected [3] and consistent with the widely
accepted hypothesis that such carbonyl "insertion" reactions actually involve
1.2 migration of the alkyl group, with retention of configuration, to a coor-
dinated carbonyl group [19]. As the central iron atom of VII is chiral, the
methylene hydrogens are diastereotopic, as reflected in the 1H n.m.r. spectrum

(Table 2).
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