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Abstract 

Chelates of the parent compounds (TIS-CsH4C(O)CH,OCH.0Mn(CO)3 (1). (v/S-CsH.~C(O)CH2SCH.0Mn(CO)3 (2), ( ~ s  
CsHIC(O)CHaCH2SCH~)Mn(CO)a (3), (a~S-CsH.~CH2COOCH3)Mn(CO)3 (4), and (rls-CsH4CH~CH,COOCH3)Mn(CO)3 (5) were 
prepared by photolysis .  Only the chelates (~:71S-C~HaC(O)CH2SCH3)Mn(CO)2 (2chelate)  and ('0~:~ '% 
CsH4C(O)CIt~CH:SCH 0Mn(CO).~ (~helate)  were stable enough to be isolated. The X-ray structure of 2chelate was determined :rod 
demonstrated ring strain in the chelate ring. Derivatives of the chelates were obtained by thermal substitution of the chelated group. 
Substitution of the chelated groups in (rlI:r/'%C~H4C(O)CH:OCH3)Mn(CO)~ (lehelate), (r~I:rF%CsH,CH:COOCH.0Mn(CO)2 
(4chelate), and (~:,T%C~H ~CH~CH~COOCH3)Mn(CO)2 (Schelate) occurred within a few m iuutes, whereas 2chela|e and ~helate  
required refluxing tbr several hours to convert them to the substituted products. The substituted products have the general tbm~ula 
(~I'LC~I*i4R)Mr~(CO),I, (where R is the substituent of either I - 5  and L is either a phosphine, phosphite, or tetrahydrothiopheneL The 
weaker Mn~O bond was suggested for the differences in the reactivities of the chelalod complexes. 

Keyword.~: Mlinganese; Cllelates; Cyclolx'utadicnyl derivatives; Xoray dii'IYaction; F'hototlwnfislry; Phosphiiw 

1. Introduction 2. Exp~.,rimental 

in i~cent years, several types of aromatic ligand with 
substituents that could tbrm chelates were reported [I 
4]. The aromatic ligands included cyclopentadienyl (Cp) 
mtd benzene. The chelatable groups included alkenes 
[2,31, phosphorus [4], thiol ether [ I ], ether [ i ], and esters 
[I]. Although the complexes of the chelated and 
unchelated forms were reported, little was reported about 
the reactivity cf these types of compound. We have 
been interested in studying these compounds, since they 
could be useful in catalytic technologies. Our initial 
work reported the synthetic methods for the preparation 
of several Cp ligands with different chelatable sub- 
stituents [I]. In this paper, we report the preparation and 
the reacti,ity studies of five new chelate compounds. 
O,fly two of the chelates could be isolated and ,'~re 
completely characterized. 

" Corresponding author. 
i Current address: Department of Chemistry and Biochemistry, 

Texas Tech University, Lubbock, TX 79409, USA. 

NMR spectra wece recorded on a Va1'ian VXRo3(~) 
NMR or Jeol 270 NMR spectrometer and referenced to 
appropriate solvent resonances. IR Sl~ctra were recorded 
on a Matt on Galaxy 2020 FTIR with a resohltion of 
2cm°l .  b..,oovisible spectra were recorded on an ttP 
diode array model 8452a. All column chromatography 
used silica gel grade 643 (Aldrich). The solvents Ibr 
chromatography were used as-received. All photolyses 
were performed using a Rayonet photochemical reaclol 
with the 35(,~or'1 ligl, t souwe. Elemental allalyses were 
carried out by either Desert Analytics. Tucson, AZ, or 
Galbraith [,aboratories, Inc., Knoxville, TN. 

All solvents were obtained fi'om Fisher. "lq~e solvents 
were dried and distilled under ar~on before use in 
synthetic procedures. (r/~%CsH4C(O)CH~OCH ~)Mn 
(CO).~ (I), (r/S-CsH4C(O)CH2SCH:~)Mn(CO)~ (2). (~.L 
C 5 H 4C(O)C112C1"12 SCII .~)Mn(CO)~ (3), (~/s~C ~ H 4 
CI*12COOCHOMn(CC)~ (4), and (rF%C~II,~CI12CIIz 
COOCH3)Mn(CO) 3 (5) were synthesized as described 
previously [I]. The phosphines and phosphites were 
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obtained from Strem. The triphenylphosphine was re- 
crystallized f ro~l ethanol before being used. The trib- 
utylphosphine and triethylphosphite were distilled under 
argon before being used. The tri-p-tolylphosphine and 
triphenylphosphite were used as-received. Tetrahydroth- 
iophene (TilT) was used as-received from Aldrich. 

2.1. Synthesis of (?7t:?T&C~H~C(O)CHzSCHs)Mn 
(COl, f chelate) (2chelate) 

(.qS-CsH4C(O)CHzSCHs)Mn(CO) ~ (1.Og) was dis- 
solved in 250ml of cyclohexane in a photochemical 
reactor. The reactor was then irradiated with the Rayo- 
net system while evolving CO bubbled through an oil 
bubbler. After 2h of irradiation the Vc_ o at 2033 and 
1960cm-~ disappeared and two new peaks appeared at 
1956 and 1898cm -~. The solvent was removed under 
vacuum and the red residue was chromatographed using 
an ethyl acetate-benzene solution (1 /7  ratio) as the 
eluant. The red band contained the product and it was 
characterized. The yield was 73.7%. (Found: C, 45.41; 
H, 3.60; Mn, 19.24. Calc.: C, 45.47; H, 3.43; Mn, 
20.80%.) Spectroscopic data are given in Table I. Red- 
b r o w  n c r y s t a l s  o f  ( ~  ~ : r t  s. 
C s H ~C(O)CH z SCH ~)Mn(CO) z suitable for X-ray crys- 
tallography were grown by slow evaporation (3 months) 
of a cyclohexane solution in a dry box. 

2,2. Synthesis of (~l #: ~oCo~ H~ C(O )CH: C11: SCH s )Mn 
(CO): (chelate) (3¢helate) 

(~oC~FI  ~((O)CH ,CII ~ SCII +)MnICO)~ (0.99 g) wlls 
dissolved in 25(1ml of" cyclohexanc in .,I pllotocl~emical 

reactor and photolyzed for about 2 h. The IR spectrum 
of lhe reaction solution only contained ~c-o for a new 
compound. The solvent was removed under vacuum and 
the residue was chromatographed as described for the 
previous chelate. The red solid product was isolated in 
46.1% yield. (Found: C, 48.04; H, 3.99; Mn, 17.72; S, 
10.57. Calc.: C, 47.49; H, 3.98; Mn, 19.75; S, 11.52%.) 
Spectroscopic data are given in Table 1. 

2.2.1. Crystal data 
C~0H9MnOsS, M =  264.17, crystal dimensions 

0. 20x0. ! 7x0.17 mm s, monoclinic, sp~ce group, P 2 i /n ,  
a=7.637(21, b=7.976(2) ,  c =  17.405(51A, /3-- 

o .,~ 91.08(21, U = 1060.00 , Z = 4, F(000) = 536.0(I, D c 
= 1.655gcm -3. MoKee radiation (A =0.71073A), 
~ ( M o K a )  = 1.37 mm "1. 

2.2.2. Data collection and processing 
X-ray diffraction studies were carried out on a Syn- 

tex P2 a diffract, meter with graphite-monochromated 
MoKo~ radiation. The w scan mode was employed; 
20,,.~, = 60.0 °. Cell dimcasions were obtained from 15 
reflections with 2 0 angle in the range 12.82-24.17 °. No 
significant variations were observed in three check re- 
flections that were collected after every 100 reflections. 
The final least squares cycle was calculated with 24 
atoms, 136 parameters and 1380 (!  > 2.5o-(I)) out of 
3098 unique reflections. No absorption correction was 
neccssat 'y.  

2.2.3. Slr t ict i t re atlaly,~i,~ t im / r i f i nemee l l  
l ) i ~ c t  n!¢lhods w ,  , ci~ ¢~nployed, lind cal¢l lhi ih)ns wel~ 

peit"ornled wi th the N R C V A X  cryslai slrUClilrc primo 

T~bl~ t 
I l l ,  i~C NMR and lR data 

Compound 

for the isolated ehelale complex¢~ 

IH NMR (81 T~C NMR ~ ( ¢l ) IR i, (Clil i ) 

~bChekte 

~ i~ la te  

4.92 (m, I H, C(2)) 
4.51 (in, I H, C(51) 
3.97 (lu, I H, C(4)) 
3.18 (m. I H, C(3)) 
2.64(d, I tl, .-CH~=) 
1.93 (d, I H, .~CH~) 
1.36(s, 3 H, =SCH0 

4.83 (br, I H, FI(2)) 
4.49 (br, I H, H(.%) 
4,12 (br, I H, 1114)) 
3,~2 (10r. I tl, Itt3)) 
2,53(br d, I H, CCti;I  
I,,~8 (t,t d, 2 It, CH:S) 
1,41 (hr. 3 H, ::SCFI 0 

231.2 (COl 
193.5 ( -C(O)-)  
107.8 (Cpl) 
84.5 (Cp, .1¢ u - 169Hz) 
82,.1 (Cp, Jc.  ~ 17411,,) 
77.3 (Cp, Jcll ~ 173|1z) 
75.5 (Cp, Jclz = 172 |lz) 
49.7t=Ctl;=. Jcu ~ 14411~) 
263 ( -C l l  ,, Jcu =' 13911~) 

23O.4 (CO) 

I(16,4 (Cpl) 
91 3 t fp ,  Jc. ~" 1741tg) 
848 (('p, 3ca, ~ 177Hz) 
83.2 (Cp, 3c, =~ 176Hz) 
78.~ (Cp. Jot ~° 17711z) 
54,~ (-CCH ~--, Jc. = i 39 Hz) 
38.3 (-CH ,S-.. Jcu ~ 130Hz) 
20,(, (-SCH ~. Jcu ~ 140 Hz) 

1956(S) 
1898(S) 
1713(m) 

1952(s) 
IllO~s) 

Ct, D~, was the so,vent trod chemical shifts are assigned rdalivc to residual proton of the solvent, b Cyclohexane was used as the solvenL 
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grams (National Resource Council, Ottowa, Canada). 
Weights based on counting statistics were used. in the 
final difference maP,othe deepest hole and the highest 
peak were - 0.390 e A-  3 and 0.460e ~,-s respectively; 
the maximum Ale" ratio was 0.000. Final R 10.0511 
and R' (0.049) values were calculated from the relation- 
ships: R = E ( F  o - F ~ ) / E F  o and R ' = [ E w ( F  o -  
F~)'-/EwF~] I/'-. Atomic coordinates and a summary of 
principal bond lengths and angles are presented in Ta- 
bles 2 and 3 respectively. 

Additional materials are available from the Cam- 
bridge Crystallographic Data Centre. 

2.3. Synthesis of  (r/'S-CsH4CfO)CHzSCHj)Mn 
(CO), PfC6 H~ )~ (2PPh 3 ) 

All the phosphine or phosphite adducts were synthe- 
sized using a similar procedure as described here for the 
triphenylphosphine adduct. Thus, (r/l: r/S-Csll4C(O) 
CH,SCHs)Mn(CO) " , (0.2081 was placed in a 100ml 
three-neck round-bottom flask with 50ml of benzene 
and 2.50g of PPhs. The mixture was boiled under 
reflux for 21 h. The benzene was removed under vac- 
uum and the residue wits purified by colunm chro- 
matograph~, using benzene as the eluant. The yellow 
band was collected and the solvent removed to give a 
yellow-brown solid. The yield was 36.1%. (Found: C, 

Table 3 
Pnncipal bond lengths (.~) and bond angles (deg) with standard 
deviations m the last digit in parentheses 

Mn-S 2.288(3) Mn-Ci  2.119181 
Mn-C2 2. ! 56(8) Mn-C3 2.139(9) 
Mn-C4 2.130(9) Mn-C5 2.120(8) 
Mn-C9 1.770(101 Mn-CI0 1.764110) 
S-C7 !.81719) S-C8 i .7841 11 ) 
O!-(76 1.205( ! I) O2-C9 1.1511131 
O3-CI0  i.20511 !) CI -C2 1.404112) 
CI -C5 1.4151121 CI -C6  1.491(12) 
C2-C3 i.412(13) C3-C4 1.396115) 
C4-C5 1.420(12) C6-C7 1.500(13) 

S -M n-C I  83.99(23) S-Mn-C9 95.7(3) 
S - M n - C I 0  93.2(3) C9-Mn-CI0  90.8(4) 
Mn-S-C7  100.6(3) Mn-S-C8 108.914) 
C7-S-C8 993(5) C2-CI ~C6 124.0(8) 
O1 -C6-CI  122.9(8) O! -C6-  C7 123.9(8) 
CI -C6-C7  ! 12.8(7) OI -C6-C7 105.7161 

64.53; H, 4.83; Mn, 10.61. Calc.: C, 63.88; H, 4.60; 
Mn, 10.44%.) Spectroscopic data are given in Table 4. 

2.4. Synthesis of (r/5-C 5 H4CfO)CH 2 SCH s)Mn(CO) e 
Pfn-Bu) s (2PBu s) 

This adduct was synthesized by refluxing 10h. The 
yield was 76.2%. (Found: C, 56.94; H, 7.87; Mn, ! 1.59. 
Calc.: C, 56.64; H, 7.78; Mn, 11.78%.) Spectroscopic 
data are given in Table 4. 

"l'~dfle 2 
Atomic t'ool'dmales and I1,,,, for (~1 t:tl s C sll aC(O) 
CH:S('I'I 0Mn(C'O), with slalldard tlt, vit.|tions ill tile hisl digit ill 
IIIII'¢IIIIw:~'S 

Atom .t y ~ I1,,,, "(A): 

Mu 004391~ 161 0,22524( 151 0,13844(81 2,8615l 
S 0.1832131 0, 119iX 3) 0,08826( 151 3,84( I I } 
e l  0.0112(8) 0.5270181 0.1298(4) 4.9(3) 
02 11.639411 I ) 0.21192( 101 = 0,(R-127141 6,5(41 
03 0,5743(91 ~0,1029181 0 1835(41 5,0{31 
Cl 0,274¢~ ! 11 0.4147(10) 0.1828(51 3.1{41 
C2 0411411 I) 0,4940(101 0,1441(51 3,7(4) 
C3 0.5695(12) 0.4446(12) 0.1810(6) 4.1(5) 
C4 0.5305( I I ) 0.3393( I I ) 0.2424(6) 3.8(41 
C5 0,3459(il) 11.3187(101 0.2441(5) 3.1(41 
C6 0.0906( 11 } [I.4058( 11 ) 0.1528(5) 3.4(4) 
C7 0.0242(10) 0.2294( 121 0.145~5) 3.8(41 
C8 0.1398(14) 0.2145(15) ~ 0.0028(61 5.8(61 
C9 0.55611121 0,2157(121 0,0517(6) 3,9(4) 
CI0 0.5185(111 0.0258(12) 0,1657(51 3,3(4) 
H21 0,418 0.583 0,102 3.9 
tl31 0.689 0.483 0.164 3.9 
H41 0.872 0.782 (}.223 3.9 
H51 0.233 0,756 0,216 3,9 
HTI 0.921 0.227 0,118 5,5 
H71 0.012 0.173 0.202 5,5 
1181 0.171 0.781 11.035 0.3 
1-182 0.191 0.350 - {I.(X)4 6,3 
H83 11.980 0.775 0.015 6,3 

B,,. is the mean of the principal axes of the thermal ellipsoid. 

2.5. ,~vnthe.,'i~ of (r/&C: H4C(O)C'H: SCH~ )Mn(CO): 
t (OCH.;CH~)~ (2P(OEt).~) 

The reaction mixture was refluxed only 10h. The 
yield was 70.6~/~ ,. (Found: C, 44.92; tt, 5.72; Mn. 13.35: 
S, 7.39. Calc.: C, 44.66; H, 5.62; Mn, 12.77; S, 7.45~.) 
Spectroscopic data me given m Table 4. 

2.6. ,~vnthesis of (r/'LCs H,C(O)CH,SCH~ )MntCO): 
P( OC ~ kl s )., ( 2P( OPh).~ ) 

The yield was 74.9%. (Found: C, 58.66; H, 4.13; 
Mn, 9.11. Calc.: C, 58.54; H, 4.21; Mn, 9.56%.) Speco 
troscupic data are given in Table 4. 

2.7. Synthesis of (Ws.¢': H,C(O)CH, SCH s ~Mn(CO), 
P(p-tolyl).~ f2P(tol).~ ) 

The yield was 76.2% (Found: C, 66.64; !t, 5.37; P. 
5.83; S, 5.16. Calc.: C, 65.49: H, 5.32; P, 5.45; S, 
5.64cA.) SFectros:opic data are given in Table 4. 

2.8. Synthesis c~f (r/S-C~H~C(O)CH,CH:SCh.) 
Mn(CO~ P(Ph)j ¢2PPh~) 

The yield was 45.3%. (Found: C, 62.93: H, 4.70: P, 
5.97; S. 4.65. ()ale.: C, 64.44, 1ol, 4.85; P, 5.73; S, 
5.93%.) Spectroscopic data are given in Table 5. 
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Table 4 
i l l ,  I~C NMR and IR data for the derivatives with the fommlas O/LCsH4C(O)CHzSCH~)Mn(CO)2 L 

Compound JH NMR a (B) '  13C NMR a ( ~ )  IR b ( c m -  ' )  

2pph s ' 7.37 (m, 15 H. Ph) 230.5 (d.CO, Jr,  = 28Hz) 1946(s) 
5.19 (t. 2 H. Cp) 193.3 (s, -C(O) - )  1887(s) 
4.06 (t. 2 H, Cp) 137.1 (d. Ph, Jix = 47 Hz) 1670(m) 
3.35 (s. 2 H. CH z) 132.8 (d, Ph, Jpc = 1t Hz) 
2.13 (s. -SCH 3) 129.1 (d, Ph, ,/pc = 2Hz) 

128.3 (d, Ph, J ~  = I I Hz) 
87.7 (Cpl)  
86.4 (Cp) 
85.8 (Cp) 
39.7 (s, - C H z - )  
15.9 (s, - S C H 0  

2pBu s 4,89 (m. 2 H. Cp) ¢ 231.6 (d.CO, JpH = 26 Hz) c 1935(s) 
4.13 {m. 2 H. Cp) 192.5 (s. -C(O)- )  1875(s) 
3.31 (s. 2 H. CH z) 88.7 (Cpl) 1659(m) 
1.88 (s. 3 H, CH ~) 86.0 (Cp) 
1.52-1.39 (m) 82.1 (Cp) 
1.33-1.19 (m) 40.0 (s, - C H z - )  
0.88-0.83 (m) 28.8 (d, C of phosphine) 

25.9 (d, C of phosphine} 
24.5 (d, C of phosphine) 
15.8 (s, -SCH ~) 
13.9 (s, C of phosphine) 

2P(OEI)~ 5.07 (t, 2 H, Cp) 229. ! (d,CO, Jro ~ 36 Hz) 1956(s) 
4.17 (m. 2 H, Cp) 191.9 (s, --C(O)-) 1894(s) 
3.73 (q, 6 H, PCH:)  89.8 (Cpl) 1672(m) 
3.29 (s, 2 H, CH 2) 85.7 (Cp) 
1.90 (s, 3 H, =CH ~) 82.8 (Cp) 
1,02 (t, 9 H, PCH ~) 60.8 (m, C of phosphine) 

39.8 (s, =Cl|z= ) 
16.1 (d, C of phosl~hioe) 
15.6 {s, ~SCIi ~) 

2P{OPh)~ 7.28 (t*l, 15 Ho Ph) o 227.4 (d,CO, J r ,  ~ 3SHe) a I',:,~s) 
4,96(In, 2 H, Cp) 192,1 1~, C ( O ) - )  191(X~) 
4,07 (,n, 2 H, Cp) 1523 (d° OPIO 1612(n0 
3,28 (,~, 2 H, CH,)  1305 (OPh) 
~,02 (,~, S C H  ~1 12~.7 (OPh) 

122,4 (d, Ol-'hl 
91,0 (Cp I ) 
85.5 (Cp) 
83,6 (C#) 
39,9 (s, -CH : - )  
15,7 (s, -SCH ~) 

3P(ToI) s 7.22 (m, 12 H, Ph) 2303 (d.CO, Jp ,  ~ 2611z) lg44(s) 
5.17 (t, 2 H, Cp) 193.5 (s, ~ C(O)- ) 18SS(s) 
4.04 {t, 2 H. Cp) 139.8 (d, Ph, d~ ~ 2 Hz) 1667(m) 
3,35 (s, 2 H, CH z ) 134,1 (d, Ph, d~. ~ 44Hz) 
2.34, {s, PhCH, ~ 132.7 (d. Ph. J~ ~ i0 Hz) 
2.13 (s, ~ SCH ~) 129.0 (d, Ph, Jp~ ~ I 0 I1~) 

87,6 (Cpl) 
86.6 (Cp~ 
85,2 (Cp) 
39,7 (s, -CH:. ) 
21,3 (s, PhCH, } 
I 0,0 (s,  - S O l  ~) 

' C ~ I ~  was used as the solvent aM the chemical shifts are ~¢p~rzed p:lative to the residual H of the solvent, i~ Toluene was used as tile solvent. 
('~,Dt, was tlsed as the solvent and the chemical shifts are reported relative to the residhal It of tile so|vent, a .rHF.ds was osed as tile solvent 

ned the chemical shills a~¢ repotted relative (o the residual H of the solvent (the H with tile larger chemical shift). 
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2.9. Synthesis of frI~-CsH~CfO)CHaOCHs)MnfCO), 
SC, H s (1 THT) 

2.12. Synthesis of (TI~-C:H~CH:CH_,COOCH s) 
Mn(CO)IP(OC z H: )s ],, (5(P(OEt)3)z) 

(~5-CsH~C(O)CH?OCH.~)Mn(CO).~  (0.10 g, 
0.36mmol) and 0.60g of THT were put into a photoly- 
sis apparatus with 250ml of cyelohexane. The apparatus 
was photolyzed for 46rain until the IR peak at 
2033 era-~ was reduced to ca. 3% of its initial value. 
The solution was filtered with aid of Celite to remo',,- a 
precipitate. The solvent from the orange colored solu- 
tion was removed under vacuum. The reddish-orange 
residue was chromatographed with 8% ethyl acetate- 
benzene eluant. A dark red solid (0.12g) was obtained 
upon evaporation of the solvent. Yield 99%. (Found: C, 
49.98; H, 5.21; Mn, 16.32; S, 9.46 C~4H~MnO~S. 
Calc,: C, 50.00; H, 5.10; Mn, 16.34; S, 9.53%.) Spec- 
troscopic data are given in Table 5. 

(r/S-CsH4CH 2CH 2COOCH 0Mn(CO)3 (0.71 g, 
2.45mmoi) and P(OCzH.s) 3 (6.10g, 36.7mmol) were 
put into a photolysis apparatus filled with 220 ml cyclo- 
hexane. The solution was photolyzed as described for 
('r/5-CsH4CH2COOCH3)Mn(CO)3 until the peak at 
2023cm -t  disappeared. The solvent was evaporated 
and the residue chromatographed as described for the 
purification of (r /S-CsH~CHzCOOCHa)Mn(CO) 
[P(OCzHs)3] 2. The product was a yellow liquid. Not all 
of the product was purified, therefore no yield was 
calculated. (Found: C, 47.05; H, 7.25; Mn, 9.64; P, 
10.93. C , ,H~MnOgP, .  Calc.: C, 46.65; H, 7.30; Mn, 
9.70; P 10.94%.7 Spectroscopic data are given in Table 
5. 

2.10. Synthesis of (rlS-C~H¢CH,COOCHs)Mn 
(CO)iP(OCe H 5 ).~ I, (4(P(OEt)3 ;z ) 

('q'~-C ~ H,mCH ,COOCH.0Mn(CO) ~ (0.59 g, 2. I mmol) 
and P(OC,Hs)~ (4.29g, 28.0mmol) were placed in a 
photolysis apparatus with 200ml of eyclohexane. The 
mixture was photolyzed for Ih until the peak at 
2025 c m  ° ~ disappeared. The solvent was removed un- 
der vacuum. The residue was chromatographed using 
pure benzene to separate the excess P(OCzl-I~).~, ,'rod 
7% ethyl acetate-benzene solution to eh, te the product. 
The yellow band was collected and afforded 0.95 g of a 
yellow Ikluid. Yield 80%. (Found: C, 45.27; H 7.16; 
Mn, 9.64; P, 11,25. C,~H~,~MnO,~P,. Calc.: C, 45.66; 
II, 7,12; Mn, 9.94; P, 11.21%.) Speclroscopic data are 
given in Table 5. 

2.11. Synthesis of (~LC~H.~CHeCOOCII~)Mn(CO)~, 
etoc, H,), t4etoEO, 

(1/~-C ~ H 4Cl'l ,COOCH ~)Mn(CO)[P(OC 2 H s )~]2 was 
dissolved in cyciohexane in the photolysis appara~ ~s. A 
slow flow of CO was bubbled through th, solution 
during the photolysis. The reaction was monitored by 
following the disappearance of the 1869cm-~ peak. 
After this peak became small, the solvent was removed 
under vacuum, and the residue was chromatographed 
with pure benzene. The benzene was evaporated, and 
the product was extracted with pentane at acetone-dry- 
ice temperature to remove trace impurities. This method 
yielded an analytical!y pure light-yellow liquid. A yield 
was not calculated since the starting manganese com- 
pound was not pure. (Found: C, 46.50: It, 5.78; Mn, 
13.18; P, 7.26. Ct6Hz,~MnOvP. Calc.: C, 46.39; H, 
5.84; Mn, 13.26; P, 7.48%.7 Spectroscopic data are 
given in Table 5. 

2.13. Synthesis of (rI-S-CsH4CHeCH,COOCH~) 
Mn(CO)., P(OC, H: ), (5P(OEt): ) 

(r/5-C s H 4CH 2CH ,COOCIt .0Mn(CO)[P(OC 2 H s)~ ]2 
(0 .11g,  0 .30mmol)  and P(OC:H.s)a (0.14ml,  
0.80mmol) were placed in a photolysis apparatus filled 
with 220ml of cyclohexane and the mixture was pho- 
tolyzed until peaks grew in at 1885 and 1867cm °b. A 
slow flow of CO was bubbled through the solution 
during the photolysis. The photolysis was stopped be- 
fore the 1867cm -~ peak became larger than the 
1885cm -I peak. The solvent was removed and the 
residue was chromatographed as described for the simio 
ha" derivatives. The product was a iightoyellow liquid. A 
yield was not determined. (Found: C, 48.23; H, 6.17: 
Mn, 11.53; P, 7.52. (?l~lt~c, Mn().lP. Calc.: C, 47.67; it, 
6.12: Mn, 12,83; P, 7.23';;.) Spectroscopic d:tla arc 
given in Table 5. 

3. Results and discussion 

(rI'~-CsH4C(O)CHzOCH~)Mn(CO)~ (I), (~°C~ | l  4 
C ( O ) C H 2 S C I I ~ ) M n ( C O ) ~  (2),  ( r ~ - C ~ H a  
C ( O ) C H 2 C H . , S C H ~ ) M n ( C O )  ~ (3), (r/~-C~H4 
CIt2COOCH~)Mn(CO) ~ (4). and (~ .C~I t~CFI :  
CH 2COOCH.0Mn(CO)~ (5) lose a carbonyl ligand upon 
UV irradiation in nonpolar solvents like heptane or 
cyclohexane. A red color and a metal=carbonyl stretch- 
ing fiequency near 1890cm-~ indicates the tbrmation 
of a chelated compound (see Fig. I). 

All attempts to form the chelate complexes by ther- 
mal substitution were unsuccessful Only the chelates of 
2 :rod 3 (2chelate and 3chele~e r,;spectively) could be 
isolated (see "Fable i for spectroscopic data). The 
chelates of 1, 4, and 5 undergo decomposition reactions 
upon attempts to isolate them. Presumably the weak 
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Table 5 
i H, i ~C N MR and IR data for the derivatives with the formulas ('r/5-C.~ H 4C(O)CH 2OCH :~)Mn(CO)2 L. (r/-~ -C.~ H 4C(O)CH zCH 2 SCH 3)Mn(CO)2 L 
O/s.CsH.~CH~COOCH~)Mn(CO)~ ~ ,L ,  (where n ,= ! or 2), and (x/S-CsH4CH:CH:COOCH3)Mn(CO)3_ ,L ,  (where n = 1 or 2) 

Compound ..... IHNMR a ( ~51 ............. L~C NMR a (~)  IR ~(cm-I)  

ITHT 5.08 (t. 2 H. Cp) 231.3 (-CO) 1946 (vs) ¢ 
4.56 (t, 2 H. Cp) 194.6 ( -C(O)-)  1884 (vs) 
4.34 (s. 2 H. -CH z-) 87.4 (Cp, JcH = 178 HZ) 1686 (m) 
3.46 is. 3 H. -OCH 3) 86.4 (Cpl) 1660 (m) 
2,73 (hr. 4 H. TILT) 81.1 (Cp. ,#ca = 179Hz) 
!.96 (br. 4 H. THT) 75.4 (-OCH ~. Jcu = 1 46 Hz) 

59-4(-CH2-.  JcH = 142Hz) 
43.6 (THT. -/ca = 146Hz) 
30.0 (THT. Jc .  = 1660Hz) 

3PPh~ 7.4 (b, Ph~ 230.4 (CO) 1946(s) 
5.15 (t, 2 H, Cp) 197.7 (-C(O)-)  1885(s' 
4.06 (t, 2 H. Cp) 137.1 (d, Ph, J~ = 42 Hz) 1678(m) 
2.80 (m. -CH2-)  132.8 (d. Hi, Jp¢ ~ I I Hz) 
2.12 (s. 3 H. -SCHt)  129.8 (d. Ph. Jpc ~ 2Hz) 

128.3 (d, Ph, Jpc = IOHz) 
89.4 (Cpl) 
86.4 (Cp) 
84.6 (Cp) 
39.0 (-C(O)CH z-) 
28.5 ( -CH,S- )  
I 5,8 (oSCH ~) 

4(P(OEIId ~ 4.24 (m, 2 H. Cp) 233.8 (-CO) 1869(vs) d 
4.17 (m. 2 H. Cp) 172.4 ( -COO-)  1751Xs) 
3,90 (m, 12 It, CH ,(OEt)) 90.6 (Cp I ) 
3.65 (s, 3 H. -OCH~) 80.7 (Cp. Jcn ~ 175 Hz) 
3,27 (s, 2 H. - C H , - )  79.4(Cp, Jc,  "~ 177 Hz) 
1.21 (i. 18 H. CH ~(OEI)) 59.5 (CH,(OEI). J c ' ,  ~ 127Hz) 

51.9(-CH~*. Jc, ~ 14711z) 
.14.4 (OCIt ~, JCi! + 1301tz) 
16.4 (C, tt ~(OEI). JWil ~ 145 I l i ' l  

411(OEtij 4.57 (m, 2 H, Cpi 231i,0 ( C O )  lg.~(Xvs) ~ 
440 (I;I, 2 H. Cp) 171 3 ( C O O )  18tiSlv,O 
£90 OiL 0 it. Ctt ,(Of;il l 94,0 (Cpl) I ?5;~ lilt) 
J+68 (,,. 3 H° : OC)l ,~) ~lL7 (('p, Ji., + 17(lll,P) 
3,27 (,~, 2 II° +CIt++) i41,1 (Cp, J<,, - 1781tt) 
1,20 (I. 9 tt, CH ~(O[~li) O(Lt (Ci:I ~(OEi), Jc, ~ 144t1~1 

1.9 (-Cloi ~ L  JCII ~ 147 lhO 
34A(O~H j, J l ' t l  ~ 130Ht) 
16,4(CHj(OFJ), Jc .  ~ 134H,~) 

$(P(OEI)~) l 4.12(i, 2 H. Cp) 
4>06 it, 2 ti, Cp) 
3,90 (m, 12 H, CH~(OEt)) 
3,64 (s, 3 tl, -OCH ~) 
2,~0 (m, 4 II, ,+CH~CH~ o } 
1,21 (I, Ig H. CH~(OEt)) 

$1qOElis 4.40 (I. 2 H. Cp) 
4,34 (I. 2 H. Cp) 
,I,89 (m, 0 H, CI| .d[Ol'~0) 

2,,~) (flL 4 H. -CH :C|'t~-) 
I>25 (t.9 H. CH ~(OEI)) 

234.0 (-CO) 
173.5 ( -COO- ) 
98.4 (Cpl) 
79,5 (Cp, J(-. + 17.S ltz) 
78.7 (Cp. . /c ,  ~ 174t1~) 
59,4 (£lt~(OEt). Jolt ~ 14411z1 
,~1,5 (OClt~, Jc ,  ~ 147tlz) 
36,0 ( -Ct l  # 0 0 - ,  Jc ,  ~ t 31 Hz) 
24,0 (CI~H : - ,  Jc ,  ~ 130 tie) 

230,2 ( C O )  
173,1 (-+C(~) : ) 
lot 8 (Cpl) 
81,1 (Cp. Jc. ~ 17S!1z) 
80.8 (Cp, Jc ,  ~ 1T7 H~) 
60.2 (CH~(OEt), " I t ' .  ~ 46Hz) 

1,6 (OCH ~. Jc. " ! ~7 Ht) 
35.3 ( -CH,COO- ,  Jc, " 130Hz) 
23,6(CpCHz-, y(.. = |31Hz) 
16.2 (CH ~(OEI). JCll  = 130 HZ) 

I ~67 (vs) 
1748(s) 

1948 (vs) 
1887 (x',i) 
t750(s) 
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hv;-CO ~ L ~l~~y 

O O O 

Fig. 1. Photochemical reaction scheme where Y is a group with a two 
electron donor atom and L is ligand with a two electron donor atom. 

Mn-O chelate bond is easily broken and the compounds 
then unde~o decomposition. This is different from the 
pronounced chelate effect observed for (.qS:.q2_ 
Cs(CH~)4CH,CH2CH=CH2)Co(L) (where L = CO, 
P(OCH3)a, or aikene) [2]. The yield of 2chelate was 
almost twice that of 3chelate. The difference is proba- 
bly related to the larger absorbance of 3chelate (/9337 = 

1370 Abs cm -I M- ~ in heptane) than 2chelate (e.a37 -- 
491 Abs cm-i  M- J in heptane). 3chelate may undergo 
secondary photolysis reactions that lead to decomposi- 
tion, since it absorbs more light at the same concentra- 
tion of 2chelate. 

The crystal structure of 2chelate reveals one molecule 
per asymmetric unit (Fig. 2). The manganese metal has 
a geometry similar to other reported CpMnLa com- 
pounds [5,6]. All five ring carbons are an average of 
2.133A fi'om the metal (see Table 3), which is similar 
to other Cq,-Mn bond distances [5,6]. The five carbons 
of the ring are planar as expected. The carbonyl car- 
bon-manganese bond length is an average of 1.767/~ 
and the C=O bond length is average of i.152/~. These 
at,e within experimental error of the bond lengths re. 
Ix~,rted for other compou,ads [5,61. 

The ketone carbonyl has ;~ dihedral angle of 48 ° 
relative to the phme of the Cp carbons (Fig. 2). This 
carhonyl has lost most of its co,xiugation with the 
cyclopentadienyl ring because its stretching fi'equency is 
similar to that for fi'ee ketones [7]. The C1~C6-C7 
bond angle is only 112.8 °, which is less than the ideal 
tbr an sp ~ hybridized carbon atom as in (a,~ 's- 
C sH4C(O)CH~)Mn(CO)oa [8]. The strain in the chelate 
ring forces the ketone carbonyl out of the Cp plane and 
causes the smaller C I - C 6 - C 7  bond angle. The ring 
strain limits the Mn-S bond strength and hence the 
amount of electron density donated by S to the metal 
center. 3chelate has metal~carbonyl stretching fi'equen- 
cies at lower wavenumbers than 2chelate (see Table I, 
both bands shifted by 4cm - I )  indicating a mote elec- 
tron-rich metal center. The ~C NMR data also support 
this conclusion [9]. The chelate ring in 3chelate con- 
tains one mote carbon atom, and therefore should have 

Fig. 2. ORTEP view of 2chelate. Ellipsoids are drawn at 50% 
probability. 

less ring strain, which allows more electron donation 
from S. 

The ketone carbonyl stretching frequencies for 
2chelate and 3chelate indicate that the carbonyl in 
3chelate is conjugated with the ring. The X-ray crystal 
structure of 2chelate indicates that the ketone carbonyl 
is not conjugated with the Cp ring and its stretching 
fi'equency shifts + 31 cm ~ fi'om that in 2 [ I ]. The 
stretching fi'equency tbr the ketone in 3chelate must 
have conjugation with the ring to have a shift to lower 
wavenumbers ( - 37cm i coml3ared with the ketone in 
2chelate) [10]. Furthcrnlol'e, the ketone in 3chelale 
shifts ~ 18cm °! from the ketone in 3 [I]. This indi- 
cates greater conjugation between the ring and the 
ketone group in the chelated structure and a smaller 
dihedral angle between the ketone and the Cp in 3chelate 
than that in 2chelate. 

In the COSY spectnan of 2chelate, the two methyo 
lene protons (H6 and H7) are split into two doublets 
(see Table I) with a J wdue of 131tz0 which is a 
typical coupling constant for geminal protons [9]. The 
doublet at lower field is assigned to H6, which is on the 
same side as the lone pair of the S atom and lying in the 
cone whose axis is along the ketone carbonyl bond. 
Therefore, H6 is deshielded by the anisotropic effect of 
the ketone carbonyl [9]. The NMR data indicate that the 
five-membered ch,~late ring is "frozen' by the 'rigid' 

Notes to Table 5: 
a CDCI~ was used as the solvent and the chemical shifts are reported relative to the residual H of the solvent, t, Toluene was used as the solvent. 

¢ Cyclohexane was used as the solvent, a Heptane was used as the solvent. 
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structun; of Mn-C~H4R and the high inversion barrier 
of the sulfur atom. The ketone carbonyl can oscillate 
about its equilibrium position, which is about 48 ° dihe- 
dral angle to the Cp ring plane, but will not pass 90 ° 
unless the ring flips. If the ketone carbonyl was to 
undergo a larger range of flipping movement, the four 
Cp ring protons would probably show two pseudo-tri- 
plets like its parent compound (2), and the two methy- 
lene protons would have a smaller difference in their 
chemical shifts. 

As stated earlier, the chelates of 1, 4, and 5 are not 
stable and decompose within a few minutes. These 
chelates will react with other ligands, like phosphines or 
phosphites, to form stable complexes. The derivatives 
ITHT, 4(P(OEt}a) 2, 4P(OEt)j, 5(P(OEt)a) 2, and 
SP(OEt)t were synthesized by this approach (see Fig. I 
and for spectroscopic data Table 5). The disubstituted 
products were probably obtained from a two photon 
process, since two ligand loss with a single photon has 
not ~ e n  reported for any organometallic compound in 
solution to the best of our knowledge. We could not 
synthesize the trisphosphite by photolysis. The reaction 
never went beyond the diphosphite. Clearly, another 
method is requited to prepare them, and at least one is 
reported in the literature [I I]. 

The phosphine or phosphite derivatives of 2chelate 
and 3chelate could not be obtained from simply pho- 
tolyzing 2 and 3 in the presence of the desired ligand. 
Evidently, the formation of the chelate is much faster 
thin1 the addition of the ligand to the eeordinatively 
unsaturated intermediate, The phosphine or phosphite 
derivatives were synttlesized by thermal substitution of 
chelate compounds with the desired ligands (see Tables 
4 and S for sl~ctroscopic data and Fig. I). These 
~ttetion wet~ slow and required several hours. Kinetic 
studies of these substitutions will i~ t~ported later. 
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