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Abstract 

The addition of different nucleophilic compounds (aliphatic and aromatic alcohols, thiols and 

phosphines) to alkynylalkoxycarbene complexes has been studied. The reaction with smaller nucle- 

ophiles proceeds readily and regioselectively at the P-carbene position. With more substituted nucle- 

ophiles the reaction rate slowed down considerably. Addition of a catalytic amount of DBU (1,8-di- 

azabicyclo[5.4.0]undec-7-ene]) speeded up the reaction and improved the E/Z ratio. 

Introduction 

The electrophilic nature of carbene centre in complexes the transition 
metals was [l] applied the preparation 

the original alkoxy 
the carbene carbon atom [2]. was 

also observed in alkynylalkoxycarbenemetal complexes that attack the carbene 
centre by amines occurred only at very low 

the product was of amine addition the triple bond [3]. This process 
resulted the amine, either at carbene 
centre or at conjugated double was observed. However, it is possible 

the diamine complex by following the 
the carbene centre at temperature followed by a second addition on triple 
bond at room temperature). 

Carbanions also the triple bond of alkynylalkoxycarbene 
complexes, suggesting these complexes might for 
Michael-type reactions, by analogy with activated [4]. This hypothesis was 

the high polarity of triple bond revealed the chemical 
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“C NMR of the acetylenic carbon atoms [5] and the propensity of thcsc complexes 
to a variety of cycloaddition reactions [h]. 

Recently. it was observed that this behaviour is not restricted to amincs. 
Alcohols and phenols also add readily at the triple bond, giving the corresponding 
alkenyl complexes [7] (Scheme 1). When the reaction was too slow it was found 
that the presence of a catalytic amount of a base such as DBU led to the 
corresponding addition product. Consequently, we undertook the study of the 

scope of the addition reaction on the triple bond of such complexes by different 

nucleophilic reagents with ‘I more or less acidic hydrogen atom bonded tc) ~1 
heteroatom. 

Results and discussion 

Five aliphatic alcohols were allowed to react in ;I 5-10 moiar excess with 
different Cr and W alkynylalkoxycarbene complexes at room temperature either in 
tctrahydrofuran (THF) or the alcohol itself as the solvent. All of them gave the 
corresponding addition products in moderate to high yields (Table 1). The reaction 
times were reasonably short with the lower members of the series CM&H and 
EtOH), while the reaction rate slowed down considerably with the more hindcrcd 
alcohols (such as ‘Pr, henzylI: a base (such as DBLJi was t’ound to shorten the 
required reaction time dramatically. No addition or suhstiiution at the carbenc 
centrc was obscrvcd with Cr at these temperatures so that celcctivc atrack at rhr 
triple bond with a concurrent deactivation of the carbene cctntre occurred (as in 
the addition of primary and secondary amines as reported by Fischer (?I rri. [3]). 
However, even in the presence of IIBLJ, tBuOII failed to give the addition product 
and the decomposition of the starting complex was observed instead. 

Reaction with dials (cthylencglycol and I .3-propylencglqci~l) afforded the 
monoadduct (31% and 25’; ) as the major product, but minor amounts of the 
diaddition product (16%) were also observed for ethylcnegl~col. Hence, when a 
second interaction is expected, there is a preference for the /3 position rather than 
the carbene. The increased length of the diol chain may account f’or the absence of 
any addition product when propyleneglycol was used. 

lie&selectivity was complctc for all compounds in this study. As can be seen 
from Table 1. and consistent with other reactions involving alk~nylalko3cycarl~el~c 
complexes. replacement of Ph by Mc,Si or “Pr gave to the complex a higher 
reactivity towards conjugate alcohol addition with complelc rrpioselect ivitl,. 
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In all cases the E isomer (corresponding to a SJVZ addition) was found to be the 
major product. Identification and quantification of the isomers was made from ‘H 
NMK data. Particularly significant for this purpose is the chemical shift of lhe 
single vinylic proton which was compared with those reported for similar com- 
pounds obtained through orthoester elimination reactions or other indirect ways 
[8-121. The present method was found to improve the E/‘% t-at& reported in 
conventional nucleophilic additions on acetylenes. as it does lrcgiosclcctivity [h]. 

For the trimethylsilylacetylcne derivative the same type of control is assumed to 
apply and thus a single stereoisomer was isolated. whose sterec)chcmistry couid not 
bc definitely established since both the chemical shifts and the coupling constantx 
for the two vinyl protons (dcsilylation follows alcohol zdditicm) h:t\,c similar \‘alues 

[Ill. 
it is thought that the pentscarhonylmetal moiety is I-cxponsiblc for the extra 

activation of the acetylcnic function compared to the corresponding propiolates. 
This functional group may act as an “electron sink” cL)nfcrring an cnhanccd 

electrophilicity on the benzylic carbon atom. In this sense. the metal unit can be 
envisaged as an internal Lewis acid, allowing alcohol addition ai room temperature 
while an alkoxide is required for conventional activated acctylcnes (Fig. I). 

Bulky alcohols required the catalytic presence of DBU. probabl> to gencr-ate the 
corresponding alkoxide from the alcohol. 

Some alcoholysis of the complex at the carhene centrc was detected. but only 
for methanol and the tungsten complex (Scheme I?), it\ extent depending on the 
elapsed time. 

The higher reactivity of chromium complexes compared to that of tungsten 
complexes may account for their lower sensitivity towards methanolysis, due to the 
shorter reaction time for a complete conjugate addition. The thermodynamic 
pathway (addition to the carbenc centre) may compete with the kinetic (:lddition to 
the triple bond) when longer reaction times arc rcquircd. 

Three representative phenols were chosen to be tested (Table 1). All of them 
required the presence of DBU since the reactions were performed in solution 
(THF) and in a twofold phenol : metal molar ratio. Yields and stcrcoselectivities 
were generally high as with aliphatic alcohols, in all casr‘s .sJ,,/-addition was 
predominant, but in contrast to convcntionai acetylenes the rcgiosclectivity ~vas 
complete. To assign unequivocally the % and E isomers iT;rblc 7) the mixture was 
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Scheme 2 

oxidized by treatment with DMSO in order to release the metal-carbonyl moiety. 
This mild process, however, led to almost quantitative double bond isomerization 
to the more stable Z isomer, as deduced from reported data [13] (Scheme 3). 
Therefore, Z and E assignment of the organometallic compounds was made by 
analogy of the ‘H NMR chemical shift of the vinyl proton for the organic 
counterparts. 

Again chromium complexes reacted faster than those of tungsten and gave a 
better E/Z ratio. Unlike aliphatic dials, when addition was performed with 
catechol the double addition product was the only product obtained (Scheme 4). 

This is in sharp contrast to previous reports on the preparation of @alkoxyal- 
kenylalkoxycarbenemetal complexes, where a similar ketal was found difficult to 
isolate since elimination of alcohol occurs 1121. In our cases this complex displayed 
a fairly good stability probably due to the fact that the required geometry for an 
elimination is restricted by steric congestion <cf. results obtained for aliphatic 
dials). 

Sulphur and phosphorus nucleophiles 
Four representative thiols and diphenylphosphine were tried in this reaction 

(Table 3). 
Reactions with thiols were also performed in solution, and in some cases with a 

low thiol/complex ratio, to avoid easy polyadditions and ligand substitution due to 
the more highly nucleophilic character of S-derivatives. 

Table 2 

Reaction conditions and yields of phenol additions to [(CO),M=C(OR*)(~CR”)] 

Compound Phenol M Method Reaction Yield 

time (h) 

E/Z ratio 

10 phenol Cr B 5 68 3.4 

11 phenol W B 19 75 3 

12 3,5-dimethylphenol Cr B 5 90 4.5 

13 3,5_dimethylphenol W B 19 75 3 
14 catechol W B 36 72 _ 
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The regioselectivity was always complete as in the case of alcohols and phenols. 
and no anti-Markovnikov additions were detected. These r-esults agree with the 
previous reported additions of henzcnethiols to phenylpropionic esters under both 
base-catalyzed and radical conditions [ 14,15]. 

It is generally recognized that in the base-promoted addition of thiols on 
acetylenes the resulting stereochemistry is opposite to that found in alcohol and 
phenol additions (and in accordance to the fmns-addition rule of ‘I’rucr [ 161). In 
our case the major reaction product was the Z isomer for aromatic thiola. The 
opposite stereochemistry was found to predominate for aliphatic thiols. For 
ethanethiol and cthanedithiol the possibility of isomerization through a retro- 
Michael reaction due to the large czxccss of thioi (cthancthiol! or the steric vicinity 
of the second thiol group (cthancdithiol) would explain the high L-: /Z ratio. In no 
cast was any kind of interaction between the sulphur compound and the carbene 

carbon atom or metal ccntrc dctccted. 
It LV;IS also surprising to find this behaviour with diphcnqlphosI_,hinc. In fact this 

compound gave only an addition product and we Marc unable to detect any 
carbonyl substitution. It is also reasonable to expect that once the phosphinc has 
added in the Markovnikov scn~c it is too far from the metal cc‘n~rc for any kind ol‘ 
interaction. 

Using the high polarity of the triple bond, the easy and preferential addition of 
amines to the triple bond of the alkynylalkoxycarbenemetal complexes has been 
extended to alcohols. phenols. thiols and phosphines, ‘i’he reaction follows the 
Markovnikov sense and the f< isomer is predominant or cxclusivc in the reaction 
with aliphatic alcohols. Alternatively, softer and stabilized nucleophiles such as 
phenols and thiols reacted sluggishly with the triple bond. in particular in the 
tungsten complexes, giving a lower E:/% ratio. The presence of :I catalytic amount 
of an organic base such a4 DHI! shortened the reacticin times and general!> 

‘Ph 

Scheme 4 



Table 3 

Reaction conditions and yields of thiol and phosphine additions to [(CO)5M=C(OR2XC~-CR3)] 
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Compound Nucleophile M M e t h o d  Reaction Yield E/Z ratio 
time (h) 

15 EtSH W A 24 46 9 
16 (CHzSH) 2 Cr B 24 44 1.5 
17 PhSH W A 1/2 62 0.1 
17 PhSH W B 1/2 65 0.1 
18 p-tolSH W A 5 58 0.7 
19 PHPh 2 W A 24 31 0.3 

improved the stereoselectivity. In all cases the regioselectivity was complete. This 
process can be considered a direct method to obtain /3-alkoxyvinylalkoxycarbene- 
metal  derivatives (or heteroanalogues) for further applications in organic synthesis. 

Experimental 

Spectroscopic measurements  were made with the following instrumentation: ~H 
NMR; Bruker WP 80 ST (80 MHz), Varian XL 300 (300 Mhz). t3C NMR; Varian 
XL 300 (MHz). Chemical shifts are reported in 3 (Me4Si as internal standard with 
Bruker WP ST and CDC13 in all cases). IR  spectra were recorded on a Perk in-  
Elmer 399 B apparatus using CHC13 as the solvent. Mass spectra were run with a 
MS-9 mass spectrometer,  VG updated.  Elemental  analyses were made with a 
Carlo Erba 1106 analyzer. 

Purification of the products and all reactions were carried out under" argon or 
dinitrogen. T H F  and diethylether were freshly distilled over sodium with ben- 
zophenone under argon. 

Pentacarbonylethoxy[(phenyl)ethynyl]carbene-chromium(0) and tungsten(0) were 
prepared  by a modification of the method described by Fischer et aL [3]. 

Preparation of pentacarbonylethoxy[(2-methoxy-2-phenyl)vinyl]methylenechromi- 
urn(O) (1) 

Method A. To a solution of 0.350 g of pentacarbonylethoxy[(2-phenyl)alkynyl] 
methylenechromium(0) (1 mmol) in 1 ml of T H F  was added 0.320 g .of M e O H  (10 
mmol) with a syringe at room temperature  under argon atmosphere.  The mixture 
was allowed to react until disappearance of the starting carbene (24 h). The solvent 
and the excess of methanol  were evaporated off under reduced pressure and the 
residue was purified by flash column chromatography (eluent hexane/CHzC12 
(20/3))  to give 0.234 g (61%) of 1 (cis-trans mixture) as yellow solid. 

Method B. To a solution of 0.350 g of the starting alkynylethoxycarbene (1 
mmol) in 1 ml of T H F  were added 0.320 g of M e O H  (10 mmol) with a syringe and 
0.5 ml of DBU 0.1 molar in toluene. The mixture was allowed to react until the 
disappearance of the starting carbene (1 h). The work-up was by method A 
affording 0.250 g (65%) of 1 as yellow solid (cis-trans mixture). 

IR  (CHCI3): v(CO) 2062, 1973, 1935 cm 1. l H N M R  (CDC13) 3 (E  isomer): 
7.50-7.11 (m, 5H), 6.95 (s, 1H), 4.40 (q, 2H, J = 8 Hz), 3.95 (s, 3H), 0.82 (t, 3H, 
J = 8 Hz); (Z  isomer) 7.50-7.10 (m, 5H), 6.85 (s, 1H), 4.87 (q, 2H, J = 8 Hz), 4.07 



(s. 3HJ. 1.63 (t, 3H, .I = 8 Hz) ppm. “C NMR (CDCI ?J ii 323.6 (6) 222.3 (sJ 215.8 

(s) 158.1 (s) 135.2 (s) 127.9 (d) 127.0 (d) 126.4 (d) 11X.6 (d) 7s3.Y (t) 55.3 (qJ 12.3 (4) 
ppm. MS (FAR) (Xc. matrix NBAJ: 3X2 ’ (M >. 354, 326. 298. 770, 242, 161 (1tJGJ. 
145. 

As described in method A. affording the expected compound in 7h”i yield as a 
red-orange solid (c&tram mixture). 

IR (CHCI,): r/(CO) 2063, 1973. 1035 cm II ‘H NMR (CDCIjJ (5 (E isomer): 

7.35 (m. 5HJ. 6.95 (s. lHJ, 4.50 (s, 3HJ, 3.90 (5, 3HJ; (Z isomer) 7.35 (m, 5HL 6.85 
(s, IHJ. 4.58 (s, 3HJ, i.73 (s. 3HJ ppm. ‘“C NMR (CDCI,) d 300.0 (5). 203.X (s). 

19X.2 (s). 163.0 (51, 136.4 (~1. 129.9 (d). 12X.7 (d), 127.9 cdi. 17.3.4 (d). 67.‘) (qJ, 67.2 
(q). Anal. Found: C. 38.56; H. 2.20. Ci,H,,O,W talc.: C. 3X.32: H. 2.J2c;. MS 
(FABJ (Xc. matrix NBA): 500 ( .M+ J. 472, 444. il6, 388, 360. 177 ( i(JtJS J. 

As described in method B: affording the expected compound in 26% yield as a 
red-orange solid Cc.&fruns mixture). 

IR (CHCl,): z)(COJ 3065, 1972. 1028 cm ~I. ‘H NMR (CDCI;J (5 7.12-7.51 (m. 
5HJ. 6.98 (s, 1H), 4.75 (t. 7I-I. .I = 7.2 Hz), 4.35 (y, 7H. ./- 8 HrJ. 1.32 (d. 6H. 
J =z 7.2 Hz). 0.53 (t. 3H, ./ = X Hz). ‘.‘C NMR (acetone-d,) ?i 322.4 (sJ 21X.3 (sJ 
160.9 (Is) 130.3 (SJ 12’1.7 (d) 129.5 (d) 128.‘) (dJ 122.3 (d) 76.6 (0 73.7 (cl) 29.8 (~qJ 

21.X (qJ 14.2 (qJ ppm. Anal. Iound: c‘. 42.28: II. 3.17. C‘,,tJ ,,OjW talc.: C‘. -tLOl: 
H. 3..35c/;. 

Preparution of pentacmrbonylet~~~~~~~(2-ullyl-2-phenyi)L.inyl/melhyler~~~~t~t~ (01 (ill 

As described in method B, affording the expected compound in 33% yield as a 
red-orange solid. 

IR (CHCI, J: v(COJ 2060, 1970. 1927 cm ‘. ‘H NMR (CDCI,) 6 7.35 (m. SHJ. 
6.96 (s. lHJ, 6.01 (m, 21IJ, 5.35 cm, 2HJ, 4.61 (dt, 2H. J- 5.3 HT. .I = I.7 Hz). 4.40 
(q. 2H. J = 5.4 Hz). 0.85 (t. 3H. J = 5.5 Hz) ppm. 

Prrpurafior~ of I,cnfacurhonylefho/ ~t-m~~fhosy-2-pr~pyl)~~inyl/mcfhyle~~echr~~t~~i- 
um tUi 15) 

As described in method A. affording the expected compound in 72’Y yield as a 
bright yellow solid. 

IR (CHCI,): rj(COJ 2060. 1965, 1930 cm ‘. ‘H NMR (CDCI,r 8 6.88 (s, lHJ, 
4.98 (q. ?)I, / = 7 Hz), 3.76 (s. 3HJ. 2.44 (t, 2H, J = 7 Hz), 1.61 (t, 3H. .I = 7.2 Hz). 
1.53 (h, 3H. J = 7 Hz); 13C NMR 8 321. I (sJ . 223.0 (SJ, 217.6 (SJ 165.7 (SJ. 119.7 (dJ. 
76.2 (t), 56.2 (4). 37.3 (t), 21.j ftJ, 15.3 (4). 14.1 (q). Anal. Found: c‘. 48.37: H. 4.64. 
C’,,H,,O,Cr talc.: C. 48.28: 11, 3.63%. 

Pwpuration of pcntacarbonyln~t~thoxy/~2-methoxy)~~inylln~eti~ylenec~~~ronriut~~ (6) 
As described in method A. affording the corresponding desilylated product in 

62V vield as a red solid. 
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IR (CHCI,): v(C0) 2060, 1970, 1935 cm-‘. ‘H NMR (CDCl,) 6 7.44, 6.86 AB 
system (J = 12 Hz), 4.57 (s, 3H), 3.81 (s, 3H). 13C NMR (CDCl,) 6 326.3 (s), 222.8 
(s), 217.3 (s), 156.8 (s), 122.4 cd), 65.2 (91, 58.7 (91. 

Preparation of pentacarbonylethoxy[(2-benzyloxy-2-phenyl~uinyllmethyIenechro- 
mium (0) (7) 

As described in method B, affording the expected compound in 45% yield as a 
red-orange solid. 

IR (CHCl,): u(CO) 2060, 1980, 1930 cm- . ’ ‘H NMR (CDCl,) S 7.50 (m, lOH), 
7.07 (s, lH), 5.14 (s, 2H), 4.57 (q, 2H, J = 7.2 Hz), 0.83 (t, 3H, J = 7.2 Hz) ppm. ‘jC 
NMR (CDCI,) 6 325.6 (s), 226.2 (~1, 217.3 (s), 158.0 (s), 135.1 W, 130.3 (s), 129.6 
(d), 128.8 cd), 128.6 cd), 128.1 cd), 127.7 cd), 127.0 cd), 121.6 cd), 74.7 (t>, 71.9 (t), 

13.9 (9) ppm. 

Preparation of pentacarbonylethoxy((2-(2’-hydroxyethoxy~-2-phenyl~~inyllmethylene- 
tungsten (0) (8) 

As described in method B but utilizing CH,Cl, as eluent, affording the 
expected compound in 41% yield as a red-orange solid. 

IR (CHCI,): v(CO) 2060, 1970, 1930 cm- ‘. ‘H NMR (CDCl,) 6 7.30 (m, 5H), 
6.95 (s, lH), 4.41 (q, 2H, J = 8 Hz), 3.81-4.31 (m, 4H), 0.85 (t, 3H, J = 8 Hz) ppm. 
13C NMR (CDCI,) 6 300.1 (s), 203.7 (s), 198.1 (s), 161.8 (s), 136.7 (~1, 129.7 cd), 
128.5 cd), 128.1 cd), 124.1 cd), 78.2 (0, 71.2 (t>, 67.9 (0, 13.7 (q) ppm. 

In this reaction we obtained a second product, a bis-adduct: pentacarbonyl 
[(2,2-ethylenedioxy-2-phenyl)ethyl]methylenetungsten(O) (8’) in 14% yield as a 
red-orange solid. 

IR (CHCl,): v(CO) 2060, 1970, 1930 cm-‘. ‘H NMR (CDCIJ 6 7.15 (m, 5H1, 
4.70 (q, 2H, J = 8 Hz), 4.01 (m, 2H), 3.95 (s, 2H1, 3.85 (m, 2H1, 1.31 (t, 3H, J = 8 
Hz). 13C NMR (CDCl,) 6 206.1 (~1, 197.3 (s), 132.9 (s), 130.6 cd), 128.5 cd), 128.2 
(d), 128.1 cd), 80.6 (t>, 72.3 (t>, 64.5 (t>, 14.4 (q) (the carbene signal was not 
detected) ppm. 

Preparation of pentacarbonylethoxy[(2-~3’-hydroxypropoxy)-2-phenyl~uin~~llmethyl- 
enechromium (0) (9) 

As described in method B but after the usual work-up, the crude mixture was 
purified by flash column chromatography using CH,CI, as eluent to give the 
expected product as an orange solid in 61% yield. 

IR (CHCl,): v(C0) 2060, 1970, 1930 cm-‘. ‘H NMR (CDCl,) 6 (E isomer): 
7.05-7.45 (m, 5H), 6.90 (s, lH), 4.41 (q, 2H, J= 7.5 Hz), 4.15 (t, 2H, J= 7.2 Hz), 
3.75 (m, 2H), 1.95 (m, 2H), 0.80 (t, 3H, J = 7.5 Hz) ppm. 

Preparation of pentacarbonylethoxy((2-phenoxy-2-phenyl)~inyl]methyler~echromi- 
urn(O) (10) 

As described in method B with a phenol/alkynylalkoxycarbene ratio of 2/l. 
The crude product was purified by flash column chromatography using a 100/3 
hexane/‘BuOH mixture as eluent giving the expected mixture of isomers as a red 
solid in 68% yield. 

IR (CHCl,): v(CO) 2030, 1940 cm- r. ‘H NMR (CDCI,) 6 (E isomer): 7.55 (s, 
lH), 7.80-6.80 (m, lOH), 4.83 (q, 2H, J = 8 Hz), 1.30 (t, 3H, J = 8 Hz); (Z isomer): 



6.82 (s, IH), 7.80-6.80 (m, lOH), 4.65 (4, 211. J = 8 Hz), 0.95 (t. 3H. J = X Hz) ppm. 
‘.‘C NMR (CDCI:) 6 330.7 (s) (E), 32’) (s)(Z). 224 (s). 216.6 (s’), 157.0 (s). 156.X (a). 
153.5 is), 143.0 (s). 135.0 (b). 134.0 (d), 130.7 (d). 130.1 (d). 12Y.h (d), 12X.!, (d). 
12X.0 (cl), 127.4 (d), 125.x (d). 124.x (d). 133.6 (d). 131.1 Cd). 1 

using :I IOO/ 13 
hexanc/‘BuOH mixture as eluent giving a mixture of isomers as ;i rctf-orange rolid 
in 755 yield. 

IR (CHCI,): v(c‘O) 2030. 1035 cm ‘_ ‘H NMR ((-DC1 

1 IH), 4.36 (q. 2H, .I = 7 IHz). 0.85 (t. 2H. .I = 7 Hz) ppm. 

As described in method B with a ~hcnol/alkynylalkoxycarhene ratio of 21’1. 
The crude product was purified by flash column chromatography using ;t IO// 
hcxane/cthyl~~cetatc mixture as eluent. I’hc yield was Xl c c;’ of ;t rcxd-orange mixture 
of isomers. 

IR (C‘HCl,3): v(C0) 2OhO. 10X0, lY40 cm ‘. ‘H NMR (CDCl.;) (5 (I< isomer): 
7.30-7.51 (m. hH), 6.60 (s. 1HJ. 6.45 (s. 2H). 4.75 ((1. 2H. .I == 7.3 Ill). 1.70 (s. 6H). 
1.32 (t, .?H, J = 7.2 Hz); (% isomer): 7.31 -7.51 (m, OH). 0.85 (c. I fit. h.77 (4. 3H). 
4.60 (4. 2H). 2.37 (s. hH), 0.90 it. 3t-1) ppm. ‘;C NMR 6 t E isomer) _UO.h (s). 123.1 
(s), 316.7 (~1. 157.1 (XI. 144.4 (s;), 140.3 c-9. 139.5 (s), 133.5 cd. 130.7 cd). 12Y.l (a, 
128.‘) (d). 12X.3 (d). 12X.1 !d). 127.6 cd). 126.7 (d). 124.5 cd). ! iX 7 (6). 113X (d). 

3i.3 (q), 14.8 (cl) ppm. 

As described in method B with a pl~cnol/alkynylalko~c~~rbenc ratio of 2/ 1. 
The crude mixture was purifed by flash column chromatograph!: using a IO/l 
hexanejethylacet3te miuturc as cluent giving a red-orange solid mixture of isomers 
in 75c; yield. 

IR (CHCl,): v(U)) 2060. lY75, lY40 cm . ’ ‘H NMR !CDCl:) 6 (I-, isomer): 
7.40-7.80 (m. 5H). 0.50-LYO (m. 3H). 3.55 ((1. 7H). 1.25 is, 6HI. 1.30 (t. 3H): (L 
isomer): 7.30-7.80 (m. 5H). h.50-b.90 (m. .IH), 3.45 ((1, %i), 7.30 (s. hHl. 0.9i (t, 
3C-1) ppm. Anal, Found: (‘. -1X.07; H. 3.52. <‘Z_l H?,,O-,W caic.: (‘. -17.70: 11. .3.34’;. 

As dcscribcd in method H with a phenol/alkynylalkoxycarbene ratio of 1/l. 
The crude product was purified by tlash column chromatography using ;I IO,/ 1 
hexane,’ ’ BuOMc mixture ah cluent giving the bisadditicm product in a Zc? yield. 

IR (CHCllI: V(U)) 204(I, IYSS. lY35 cm ’ ‘I-I NMR (C’DU,) i5 7.31-7.65 im. 
5H). 6.81 (s. 1H). 4.62 (4. 2H). -I.12 (q;, 7H), 1.20 (I. 3H) ppm. “‘C NMR !(‘DCl_) ii 
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326.6 (s), 206.6 (s), 196.9 (s), 146.8 (s), 140.5 (s), 129.0 (d), 128.4 (d), 124.9 (d), 121.5 
(d), 115.6 (d), 108.5 (d), 81.0 (t), 71.6 (t), 14.0 (q) ppm. Anal. Found: C, 44.53; H, 
2.75. C22H16OyW calc.: C, 44.62; H, 2.72%. 

Preparation of pentacarbonylmethoxy[(2-ethylthio-2-phenyl)vinyl]methylenetung- 
sten(O) (15) 

As described in method A affording the expected compound in 46% yield as a 
red-orange solid. 

IR (CHC13): v(CO) 2021, 1970, 1930 cm -1. IH NMR (CDCI 3) ~ (E isomer): 
7.50 (s, 1H), 7.31-7.45 (m, 5H), 4.66 (s, 3H), 2.40 (q, 2H, J = 7.5 Hz), 1.06 (t, 3H, 
J = 7.5 Hz); (Z isomer): 7.30-7.68 (m, 6H), 3.99 (s, 3H), 2.91 (q, 3H), 1.42 (t, 3H) 
ppm. 13C NMR (CDC13) 6 297.5 (s), 203.7 (s), 197.8 (s), 144.0 (d), 138.9 (s), 132.9 
(s), 129.2 (d), 128.6 (d), 128.0 (d), 68.1 (q), 28.1 (t), 14.0 (q) ppm. Anal. Found: C, 
38.34; H, 2.64. ClvH1406W calc.: C, 38.5; H, 2.64%. 

Preparation of pentacarbonylethoxy[(2(2'-ethanthio)-2-phenyl)t, inyl]methylene- 
chromium(O) (16) 

As described in method B with a thiol/alkynylalkoxycarbene ratio of l /1 .  The 
crude product was purified by flash column chromatography using a 2 /1  
hexane/CHzC12 mixture as eluent producing the addition product in 44% yield as 
a mixture of isomers. 

IR (CHC13): ~,(CO) 2080, 1960, 1930 cm 1. l H NM R (CDCI 3) ~ (E isomer): 
7.52 (s, 1H), 7.16-7.46 (m, 5H), 4.98 (q, 2H, J = 7.5 Hz), 2.46-2.62 (m, 4H), 1.80 (s, 
1H), 1.76 (t, 3H), J = 7.5 Hz); (Z isomer): 7.39 (s, 1H), 7.15-7.48 (m, 5H), 4.37 (q, 
2H, J = 7.5 Hz) ,  2.83-3.64 (m, 4H), 2.32 (s, 1H), 0.78 (t, 3H, J = 7.5 H z )  ppm. ~3C 
N M R  (CDC13) ~ (E isomer): 297.1 (s), 2(13.8 (s), 197.8 (s), 144.9 (d), 139.2 (s), 129.5 
(d), 128.9 (d), 128.2 (d), 126.4 (s), 79.7 (t), 37.3 (t), 24.5 (t), 15.7 (q); (Z isomer): 
298.8 (s), 203.8 (s), 197.8 (s), 139.4 (d), 129.4 (d), 129.3 (s), 128.8 (d), 128.6 (d), 78.4 
(t), 36.5 (t), 23.2 (t), 13.6 (q) ppm. 

Preparation of pentacarbonylmethoxy [ (2-phenyl-2-phenylthio )r, inyl]methylenetung- 
sten (0) (17) 

As described in method A with a thiol/alkynylalkoxycarbene ratio of 1/1.  The 
crude product was purified by flash column chromatography using a 9 /1  
hexane/CH2C12 mixture as eluent affording the expected mixture of isomers in 
62% yield as a red solid. The same product was obtained by method B in 65% 
yield. 

IR (CHC13): v(CO) 2060, 1960, 1930 cm -1. 1H NMR (CDCI 3) 6 (E isomer): 
7.10-7.75 (m, 10H), 7.68 (s, 1H), 4.72 (s, 3H); (Z isomer): 7.10-7.75 (m, 10H), 6.85 
(s, 1H), 4.00 (s, 3H) ppm. 13C NMR  (CDC13) ~ (Z isomer): 301.0 (s), 203.7 (s), 
197.4 (s), 152.4 (s), 139.2 (d), 138.1 (s), 135.4 (d), 130.5 (d), 130.2 (d), 129.6 (s), 128.8 
(d), 128.2 (d), 128.0 (d), 60.0 (q) ppm. Anal. Found: C, 43.69; H, 2.51; S, 5.58. 
C18H1406SW calc.: C, 43.6; H, 2.44; S, 5.55%. 

Preparation of pentacarbonylethoxy [ (2(para-methylphenylthio )-2-phenyl)uinyl]meth- 
ylenetungsten ( O) (18) 

As described in method A with a thiophenol/alkynylalcoxycarbene ratio of 2 /1 .  
The crude product was purified by flash column chromatography using a 9 /1  
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hexanc,/CH .CI , mixture as eluent affording the expected compound in 5X? yield 
as a red solid mixture of isomers. 

IR (CHC13): r4CO) XX?. 1950, 193X cm . ’ ‘H NMR (CDCI :) 6 ( E iwmcr): 
7.63 (s, IH), 6X-7.35 (m, SH), 5.05 (q, 2H. I-=- 7.3 Hz). 7.19 (s. iH). I.09 (1. ?H. 
/ = 7.3 Hz); (Z isnmcr): 7.1 l-7.00 (m. OH). 0.80 (?r. IH). l._JL (~1. 3I. .I -- 7.2 Hr). 

2.32 (s. 3H). 0.79 (t, 3H. ./ == 7.1 Hz) ppm. Ii<‘ NMR (CDCI~~ 1 (i (1: icomcr): 7Oh.2 
(s), 203.9 (s). 197.9 (s), 149.2 (s), 13.3.X (d). 138.X (5). 13K.5 (~1. 17.5 (d). 130.0 (ii). 
129.2 (cl), 13X.6 (d). 127.9 (d). 3.7 (t), 31 .(I (t), 15.6 (q): (Z iwmer): 7%3.0 (5). 20.;.1) 
(s). 197.6 (s), 153.0 (s). 111.1 (b). 138.0 (d). 135.5 (d). 13O.c) id). 12X.1 (ti). 175.‘) (5). 

7x.2 (t1. ‘1.4 ((1). 13.6 (Cl) ppm. 

As described in method A with a diphcnylphosphincivlkynvl;lIco~~!2arbellc 

ratio of 7/ 1. The crude product was purified by flash columrr chromatograph\ 
using ;t 9/l hexanc/CH .Cl, mixture affording the expected mixture of isomcra in 

RI“; yield as an orange <olij. 
‘H NMR (CDCI,) 6 (t;J isomer): 6.60-7.80 (m. 16H), 4.60 (s, .?H): (% isomer): 

6.60-~7.80 (m. 16H). 4.20 (4. 3Hl ppm. ‘-‘C’ NMR (CDCI;) ii 237.7 (s). 203.2 (s). 

l9h.3 (s), 154.4 (a). 136.5. 133.8. 134.5. 133.8, 133.4. 133.3. 132.3. 1.;o.s. 1.30.:. 129.7. 
130.1. 130.1. 1%.X, 1X.7, 13.7. l2S.6. 12h.4. 127.X. 6K.S (qi ppm~ 
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