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Summary: The Michael-Addition of 1,2 and 1,3-difunctional carbonyl compounds 6 to Cr(CO)3-
complexed aryl allenylphosphonates 5 followed by an intramolecular Horner-Emmons-
Wadsworth olefination in boiling THF gives rise to arene Cr(CO)3 substituted heterocycles 7 in

et b A v Tnno |

moderaie (o 004 y!ClUS © 1998 Elsevier Science Lid. All l‘lgﬂ[S reserved.

INTRODUCTION

1
Among numerous reactions mediated by Cr(CO)3-complexed arenes sidechain functionalizations'

sent the most intrig __ng sy vnthetic ontmnq In addition to steric effects of the bulkv ch Qmiumnarbgny!

tripod Cr(CO)3 complexation alters the electronic properties of arenes significantly. As a consequence of the

net electron withdrawing properties of the chromium carbonyl tripod complexed
benzylic anions very t:fficicntly.'C Remarkably, some nucleophiles can be added to styrene complexes to give
stable benzylic carbanions, however, the scope of this useful synthesis is limited only to stabilized

. lac . . ; . . 5 . .
carbanions. Since quite a number of nucleophiles are known to react readily with acceptor substituted

3a

Recently, we could show that Cr(CO)3-complexed benzylphosphonate anions react in a Horner-Emmons-
Wadsworth (HEW) reaction with aldehydes to give alkenyl substituted arene Cr(CO)3-complexes in good
yields.

olefination sequences giving rise to dienyl, carbo or heterocyclic substituents on arene Cr(CO)3-complexes
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(see Scheme i). Here, we report our preiiminary resuits on a novei metal tempiate directed synthesis of arene
Cr(CO)3 susbtituted heterocycles via a consecutive Michael addition-HEW olefination sequence with

allenylphosphonate substituted chromium carbonyl arene complexes.

Rln
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RESULTS AND DISCUSSION

The allenylphosphonate arene complexes § are easily accessible from the chloroarene complexes 1 in a

4 . . 6 . . .
two step sequence (see Scheme 2).  The Sonogashira coupling of 1" with the propargylic alcohols 2 furnishes

the né-aryl propargylic alcohols 3 as yellow crystals in good to excellent yields. The complexes 3 react in a

complexes 5 as yellow crystalline solids or oils, respectively, in good yields.
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I o 3b:X=HR!=H R2=Et;69 % sb x=H.R1=H 2=E;68 %
cX=m-
1d: X = p-Me 3¢ X = 0-Me, R =R2 = Me; 77 % 5¢: X = 0-Me, R! =R% =Me; 79 %
3d: X =m-Me,R! =R2 = Me; 82 % 5d: X = m-Me, R! =R2 = Me; 69 %
3e: X =p-Me, R =R% = Me; 100 % Se:X=pMe Rl =R2=Me; 71 %
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. . 13 _
resonances in the 'H and Be NMR spectra, respectively. In the "~C NMR spectra the characteristic allene

resonances for the o-carbon atom (8 = 90 - 94), central B-carbon atom (8 = 208) and the y-carbon atom (8 = 98

I .7 . .
- 102) appear within the expected margin.” The unambiguous assignments of the quaternary o.- and y-carbon
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resonances can be made due to the large phosphorus-carbon couplings (Jp, .c = 192 gC = 14 Hz) in
the proton decoupled carbon NMR spectra. Besides the strong terminal CO-stretching bands in the IR spectra

BN D i -1 L e P T i I S

1050 and 1025 cm  represent the PO-stretching bands. The CC-deformation bands characteristic for the
-~ -1

allene skeleton appear at v =970 cm

The complexes 5 react smoothly in boiling THF with a number of 1,2- and 1,3-difunctional carbonyl

substituted heterocycles 7 as yellow to orange crystalline solids in moderate to good yields (see Scheme 3 and

Table 1).

R}
~ N\
7 )
X 0, .OEt 0 ‘;lH X, NN
i § P—OEt 6 E§ ﬁ )
T "‘\‘iﬂ R’ NaH/THF > | ¥
Cr., R! reflux Cr., “
N co oc” Co “1/\“2
CO C R R
g -y
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Scheme 3

All Cr(CO)z complexed arene fragments can be easily identified due to the upfield shift of the arene

proton and carbon resonances in the NMR spectra. Furthermore, the carbon NMR spectroscopic data support

the formation of a heterocyclic framework attached to an arene complex due to two gquaternary resonances at
relative downfield (8 = 134 - 154), For the complex 5h bearing a racemic allenyl! substituent a 1:2 mixture of

E and Z isomers of 7g is formed (entry 7). This can be reasonably explained considering the relative stability
of the diastereomeric allyl anions formed upon nucleophilic addition. The 1,3-strain between the arene

and the ethvl substituent in the sy o , . :

nd the ethyl substituent in the syn-configurat anion 1 !

configurated doubie bond is obviously slightly higher than in the anti-configurated isomer causing the
of the Z-double bond. According to the fragmentation pattern in the mass spectra the newly formed

rene complexes with r-substitutents as indicated by

2 oLy iy 111ilal s Aluil 111 ex 14 1D

the appearance of the M*-CO- and M -3CO-fragments.
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Table 1. AreneCr(CO)3 substituted heterocycles 7 by addition-olefination reactions of the allenyl phosphonate
compiexes § with the difunctional carbonyl compounds 6.

entry complex § difunctional carbony! . - ——
. . v arene Cr(CO)3 substituted 150iated

compound 6 tercvele 7 yield (%)
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Compared to aldehydes the reactivity of ketones is somewhat lower as reflected by the slightly lower
vields (entries 4-6) obtained under otherwise similar ¢

A clear limitation of this novel met

nditions

tempiate mediated heterocycle synthesis are ortho-substituted complexes as 5¢ (entry 8) which do not cyclize
even after prolonged heating in THF. The steric strain of the allyl anion formed upon nucleophilic addition of
the phenolate minimizes a sufficient overlap with the electron withdrawing arene chromium carbonyl
fragment. To rul

para-substituted complex Se (entry 10) was applied in the addition-cyclization sequence. It smoothly reacts
aldehy

&

with the anion of salicylic to give the desired chromene derivative 7j in good yield. Fortunately,
d

chiral complexes are accessible by this methodology.

Finally, the electronic influence of the chromiumcarbonyl complexation on the relative reaction rate was

=,
‘O

qualitatively studied. The 1pariso
Scheme 4) clearly points out the electronic influence of the chromium carbonyl arene substituents on the

reactivity. In the absence of the electronically activating chromium carbony] tripod only a low conversion was

observed after 24 h of heating in THF. Thus, the Cr(CO)3-complexed arene enhances the rate of HEW-
cyclization considerably
HO~ PN
o5 % 0 ©
~ —
N\ P—OEt 0 M
') = s
— Ny CH > )
e Y 1 RI_ YT FTTIIN ~,
] Narv 1 ir -~ O/v
~r reflux
AW . §

CONCLUSION

The Michael addition-intramolecular HEW-olefination sequence of 1,2- and 1,3-difunctionalized

carbonyl compounds and arene Cr(CO)3-substituted allenyl phosphonates represents a facile and selective
metal template directed one-pot synthesis of a number of arene Cr(COj)3-substituted heterocycles. The

electron withdrawing property of the Cr(CO)j tripod is necessary for reasonable reaction rates. In addition,

electron releasing substituents placed in meta- or in para-position to the allenyl substituent are compatible

p
chromenes, pyrrolizines and dihydrofurans can be accomplished in a straight forward manner. Further

f—
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methodological studies on functionalizations of these novel organometallic heterocycles and their application

to the synthesis of more complex heterocyclic systems are currently underway.

EXPERIMENTAL
General
All reactions involving tricarbonylchromium complexes were carried out in flame-dried Schlenk flasks under
nitrogen by using septum and syringe techniques. Solvents were dried and distilled according to standard
8
procedures. - Column chromatography: silica gel 60 (Merck, Darmstadt), mesh 70-230. TLC: silica gel plates

(60 Fpsqa Merck, Darmstadt), Melting points (uncorrected values): Reichert-Jun

chlorobenzene complexes 1 were prepared by literature methods.9 Bis(triphenylphosphane)palladium(II)

carbonyi compounds & and sodium hydride (97%) were purchased fr

»-0-.

m Merck, Aldrich or Fluka, and used

without further purification. The n -aryl propargylic alcohol complexes 3 were prepared in analogy to our
4 1 137 1

published protocol.” - "H, “C and " P NMR spectra: Bruker ARX 300, Varian VXR 400S [Dg]DMSO. - IR:

Perkin Elmer FT-IR spectrometer 1000. The samples were pressed into KBr pellets. - UV/Vis: Perkin Elmer

Models Lambda 16. - MS: Finnigan MAT 90 and MAT 95 Q. - Eiemental analyses were carried out in the

Microanalytical Laboratory of the Institut fiir Organische Chemie, Ludwig-Maximilians-Universitit Miinchen.
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chlorodiethoxyphosphane (4) to complexed aryl allenylphosphonates 5

To a degassed solution of 1 equivalent of 3 and 1.1 equivalents of triethylamine in 15 ml of THF, cooled to -

~J
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for 1 h the

@]

period of 5 min. The reaction mixture was stirred at -78 ° the mixture was allowed to come to

room temperature overnight. After the addition of 30 ml of water the mixture was extracted several times with

£

dichloromethane. The organic phases were dried ove
vacuo the residue was chromatographed on silica gel (diethyl ether/pentane (i:1), diethyi ether and methanol/
dichloromethane (1:10)). The intense yellow orange band was collected. Further purification for solid allenyl

phosphonates w

(7]

achieved by recrystallization

Tricarbonylf 176-[ 1-(diethoxyphosphoryl)-3-methylbuta-1,2-dien-1-yl]Jbenzene}chromium(0) (5a): Accor-

“_A. ._( C'.._.._‘
ding to the GP 2.00 g (6.75 i

~1 2. 1 N1 1 1 P A
Ul) od, 1.U1 I (/.1 1Hi1V1) V.

S
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furnished 2.24 g (80 %) of S5a as yellow crystals, m.p. 65-67 °C. - ]H NMR ([Dg]DMSO, 300 MHz): 8 = 1.22

H), 5.88 (d, /= 6.4 Hz, 2 H). - "C NMR ([Dg]DMSO, 75 MHz): 8 = 16.2 (CH3, Jp,c = 6.4 Hz), 19.2 (CHj3,

233.6 (Cquat.» CO). - > 'P NMR ([D6IDMSO0, 121 MHz) : § = 13.57. - MS (ED), m/z (%): 360 (M" - 2 CO, 16),

332 (M" - 3 CO, 100), 52 (Cr*, 6). - IR (KBr): v = 1965 cm™’, 1895, 1873, 1441, 1357, 1256, 1048, 1026,
970, 792, 748, 660, 630, 572, 533. - UV/Vis (DMSO): A__ (e) = 324 nm (37300). - C1gH{CrOgP (416.3)

caled. C 51.93, H 5.08; found C 51.85, H5.21.

T‘ricarbonyl{n6-[1-(diethoxyphosphoryl)—penta-I,Z-dien-I-yl]benzene}chromium(O) (5b): According to the

GP 0.40 g (1.35 mmol) of 3b, 0.20 ml (1.40 mmol)

0.38 g (68 %) of 5b as a yellow orange oil. - ]“H NMR ([Dg]DMSO, 300 MHz): 6 = 1.07 (t, J = 7.2 Hz, 6 H),

MHz): § = 13.2 (CH3), 16.2 (CH3, Jp ¢ = 6.6 Hz), 21.1 (CHy, Jp ¢ = 5.3 Hz), 62.7 (CHy, Jp,c = 6.0 Hz), 62.8

(CHy, Jp,c = 6.0 Hz), 93.9 (CH, Jp,c = 5.3 Hz), 94.2 (CH, Jp c = 4.0 Hz), 94.3 (CH, double intensity), 94.4

e T =4
\“quat., vP,C = =
+

109 2\ Q0Q Q -
174 X 70.0

11 Q T\ 27NQ
11.7 2L}, &IT.

(=)}

4 \ ~= 1 2y 1 T n
o j, ’L - LJ. 114}, 1 quat‘, ) ,L v

i7a)l |
\\-quat., VJP,C=
Hz), 233.8 (Cquar., CO). - MS (ED), m/z (%): 388 (M" - CO, 1), 360 (M" - 2 CO, 25), 332 (M - 3 CO, 100),

280 (M+ - Cr(CO)3, 2), 52 (Cr+, 6). - IR (KBr): v = 1963 cm-' 1883, 1457, 1368, 1252, 1048, 1024, 969,

O1 A IEY L£LE&EO £NM0O £T7L &2 1 TTU /U :q (MACMN. 1 foo\N — 2VA enen QNN M IY My D ATL AN anlad M
014, 197,050, 027, 570, 251. - UV/VIS IUMISU): A (B) = 325 TITTE {84UV). - L9130 TUE (710.5) Caicd. L
51.93, H 5.08; found C 52.21, H 5.09.
, 6 , . ,
Tricarbonyl{n -1-[1-(diethoxyphospheryl)-3-methylbuta-1,2-dien-1-yl]-2-methylbenzene}chromium(0)
(8aYe An~neds ing 0 tha MDD NKT 4 M) 1A mmaly Af Un N 24 ]l 71D 22 mmall Af d and DN 2VT7 m] (D AA mmal) Af
WLJe ACCOTUIIE WU T UX V.U/ £ (410 LHILIVE) UL O%, V.J% i \ e O uuu\.u; Vi & dliU V.J /7 1Bl (&WUU LLLLIVIJ UL
1

. . . 1

triethylamine furnished 0.73 g (79 %) of 5 a yellow orange oil. - 'H NMR ([Dg]DMSO, 300 MHz): 8 =

1.21 (m, 6 H), 1.80 (d, Jp g = 6.0 Hz, 6 H), 2.21 (s, 3 H), 4.02 (m, 4 H), 5.43 (t, J=6.2 Hz, | H), 549 (4, J =

6.3 Hz, 1 H), 5.84 (t, J = 6.3 Hz, 1

=

),5.93 (d, J = 6.3 Hz, 1 H). - °C NMR ([Dg]DMSO, 75 MHz): § = 16.3

(CH3, Jp,c = 6.0 Hz), 18.5 (CH3, Jp ¢ = 6.0 Hz), 19.2 (CH3), 19.3 (CH3, Jp,c = 6.0 Hz), 62.6 (CHy, Jp,c =
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6.6 Hz), 89.4 (CH), 90.2 (Cquat.. Jp,c = 191.7 Hz), 92.7 (CH), 97.5 (Cquat., Jp,c = 14.6 Hz), 97.8 (CH), 100.3
(CH) 1067 (Criooco Jorr =146 Hz) 1130(C.... IJn~=139 Hz) 2006 (( =53 Ha 2228
227, VR0 AS-quat., v, 2N REEy, BALYWV A\ quats v, 0 e RALJy SVSN AqQual v, U Ve RiLj, LJI.0

(Cquat» CO). - MS (ED), m/z (%): 430 (M", 1), 402 (M* - CO, 1), 374 (M" -2 CO, 8), 346 (M" - 3 CO, 100),
294 (M" - Cr(COY3, 2), 52 (Cr™, 10). - IR (KBr): v = 1959 cm ', 1878, 1444, 1367, 1245, 1050, 1025, 968,
851, 797, 752, 666, 627, 568, 535. - UV/Vis (DMSO): A___(€) = 324 nm (6100). - C1gHp3CrOgP (430.4)

calcd. C 53.02, H 5.38; found C 51.98, H 5.84.

Tricarbonyl{n6-1-[1-(diethoxyphospharyl)—3—methylbuta-1,2-dien-1-yl]-3-methylbenzene}chromium(0)
5d): According to the GP 0.53 g (2.01 mmol) of 3d, 0.31 ml (2.22 mmol) of 4 and 0.37 ml (2.66 mmol)

triethylamine furnished 0.60 g (69 %) of 5d as yellow orange crystals, m.p. 75-77 °C. - ]‘H NMR

H),555(,J=63Hz, 1 H),572(s, 1 H), 576 (d, J= 6.3 Hz, 1 H), 5.88 (pt, J = 6.5 Hz, 1 H). - 13C NMR

([Dg]DMSO, 75 MHz): & = 16.3 (CH, Jp,c = 6.0 Hz), 19.2 (CHs, Jp,c = 6.0 Hz), 19.3 (CH3, Jp ¢ = 6.0 Hz),
20.6

94.0 (CH, Jp,c = 8.0 Hz), 95.8 (CH), 102.3 (Cqyat, Jp,c = 13.9 Hz), 105.9 (Cqyar. Jr,c = 13.9 Hz), 110.7

(Cquat): 208.6 (Cquat, JP,C = 3.3 Hz), 234.3 (Cguar, CO). - °'P NMR ([DgIDMSO, 121 MHz) : § = 13.64. -

+ 1 A {lﬂ'+ YN Q 2AL lﬁ+
i /= vl " L Y -

\ 2AA { e}
, 0), 290 Uvi - 5
Cr(CO)3, 2), 52 (Cr+, 10). - IR (KBr): v = 1963 cm-l, 1882, 1444, 1238, 1054, 1028, 970, 667, 630, 576, 536.
- UV/Vis (DMSO): ;“max () = 324 nm (7100). - C19H3CrOgP (430.4) caled. C 53.02, H 5.38; found C

54.77,H 5.73.

iethoxyphosphoryl)-3-methylbuta-1,2-dien-1-yl]-4-methylbenzene}chromium(0)

&7 FIRCLIE YL -,

(5e): According to the GP 1.00 g (3.80 mmol) of 3, 0.59 ml (4.19 mmol) of 4 and 0.64 ml (4.61 mmol) of

95.6 (CH, Jp,c = 5.0 Hz), 101.5 (Cquat.. Jp,c = 14.6 Hz), 101.9 (Cquat.. Jp,c = 14.3 Hz), 110.6 (Cquar), 208.0
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(Cr*, 10). - IR (KBr): = 1961 cm’', 1881, 1248, 1033, 970, 667, 629, 534. - UV/Vis (DMSO): A__ (&) =

325 nm (7300). - C19H23CrO6P (430.4) caled. C 53.02, H 5.38; found C 52.70, H 5.54.

ol W)

Generai Procedure (GF) for the synthesis of the heterocycies 7
To a degassed suspension of 0.6 mmol of sodium hydride (97%) in 10 ml of THF a solution of 0.5 mmol of
the difunctional carbonyl compound in 2 ml of THF is added under nitrogen. After stirring for 2 min at r.t. 0.5

£TLIE S nddad o shan o2n ot TL
1 11 lb AUUCU WU U -

>
4
[e]
g
&
"c’
g
2.
=
- 3
@
&
£
g
z
=3

Tricarbonylf Tg6-(2-isopropylidene-ZH-chromen-3-yl)benzene]chmmium(0) (7a): According to the GP 200
mg (0.48 mmol) of 5a, 51 pi (0.48 mmol) of salicylic aldehyde and 14 mg (0.57 mmol) of sodium hydride
furnished 160 mg (87 %) of 7a as orange crystals, m.p. = 140-141 OC (diethyl ether/pentane). - lH NMR

([DgIDMSO, 300 MHz): 6 = 1.11 (s, 3 H), 1.34 (s, 3 H), 5.70 (t, / = 6.1 Hz, 1 H), 5.85 (pt, J = 6.4 Hz, 2 H),

6.00 (d, /= 6.4 Hz, 2 H), 6.89 (s, 1 H), 6.97 (m, 2 H), 7.24 (m, 2 H). - "C NMR ([Dg]DMSO, 75 MHz): 6 =

>

18.4 (CH3), 21.1 (CH
(Cquat). 122.5 (CH), 127.2 (CH), 128.8 (Cquat), 129.2 (CH), 130.4 (CH), 139.9 (Cquat). 154.1 (Cquar). 234.0

(Cquar, CO). - MS (ED), m/z (%): 384 (M”, 38), 328 (M" - 2 CO, 38), 300 (M" - 3 CO, 100), 248 (M" -

\
)
®)
—
*))

M

LN
[ %]

@)
[\S]
b
byt

-IR (KBr): Vv = 1962 cm-!, 1889, 1866. - UV/Vis (DMSO):

y 2 y 1O

\_/

A (e)=332nm

max

(9400). - C91H6Cr0O4 (384.4) calcd. C 65.62, H 4.19; found C 66.00, H 4.27.

Tricarbonylf 116-(3-isopropylidene-3H-benzo[f]chromen-2-yl)benzene]chromium(0) (7b): According to the
GP 200 mg (0.48 mmoi) of 3a, 82 mg (0.48 mmoi) of i-formyl 2-naphthol and 14 mg (0.57 mmol) of sodium

hydride furnished 80 mg (38 %) of 7b as orange crystals, m.p. = 197 - 200 °C (diethyl ether/pentane). - 'n

([DgIDMSO, 300 MHz): 6 = 1.39 (s, 3 H), 1.90 (s, 3 H), 5.71 (t, J = 6.2 Hz, 1 H), 5.90 (pt, J = 6.4 Hz, 2 H),

(=)
o~
=¥

Hz, 1 H), 743 (dd, J="7.2 Hz,

8 J 1
c.oz, 1 1), /.45

3

3

N

1 H), 7.57-7.63 (m, 2 H), 7.85-7

(m, 2 H), 8.25 (d, J = 8.4 Hz, 1 H). - °C NMR ([Dg]DMSO, 75 MHz): 8 = 18.0 (CH3), 21.0 (CH3), 94.4
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¥

(O 120
(L 1), 155

=
U

+

(Cquat.), 152.8 (Cquat.), 234.2 (Cquat.. CO). - MS (EI), m/z (%): 434 (M, 25), 378 (M" - 2 CO, 17), 350 (M*

-3 CO, 100), 298 (M - Cr(CO)3, 25), 52 (Cr ,3). - IR (KBr): ¥ = 1962 cm-1, 1873. - UV/Vis (DMSO):

kmdx (8) =299 nm (12500), 396 (6300). - C25H8CrO4 (434.4) calcd. C 69.12 H 4.17; found C 69.17, H 4.23.

T __L __-.ll'—-‘ £ 2 ____." i —~

ne-3H-pyrrolizin-2-yl)benzenejchromium(0) (7¢): According to the GP 300
mg (0.72 mmol) of 5a, 69 mg (0.72 mmol) of pyrrole-2-carbaldehyde and 21 mg (0.86 mmol) of sodium

:n rﬂ/ Ty

tals, m.p. = 155 - 158 °C (diethyl ether/pentane). - 'H
NMR ([Dg]DMSO, 300 MHz): 8 = 1.85 (s, 3 H), 2.06 (s, 3 H), 5.69 (t, /= 6.5 Hz, 2 H), 5.83 (t, /= 6.4 Hz, |
H), 6.00 (d, J = 6.5 Hz, 2 H), 6.08 (d, / = 3.4 Hz, 1 H), 6.25 (pt, /=29 Hz, 1 H), 6.69 (s, 1 H), 7.22 d, J =
2.6 Hz, 1 H). - C NMR ([Dg]DMSO, 75 MHz): 8 = 23.5 (CHj3), 23.6 (CH3), 92.3 (CH), 96.5 (CH), 99.1
(CH), 100.6 (CH), 110.2 (Cquat), 113.0 (CH), 119.3 (CH), 123.7 (Cquat.), 125.4 (CH), 131.5 (Cquar), 133.8

\1+ wat 1 AN Yl

=

-3 CO, 100), 221 (M" - Cr(CO)3, 27), 52 (Cr", 7). - IR (KBr): ¥ = 1963 em-1, 1890. - UV/Vis (DMSO):

A__ (€)= 314 nm (19000). - C{gH;5CrNO;3 (357.3) caled. C 63.86 H 4.23, N 3.92; found C 63.52, H 4.29, N

to the GP 200 mg (0.48 mmol) of 5a, 33 pul (0.48 mmol) of 2-hydroxy acetone and 14 mg (0.57 m:
sodium hydride furnished 90 mg (56 %) of 7d as (56 %), yellow crystals, m.p. = 145 - 148 °C

ether/pentane). - 1H NMR ([Dg]DMSO, 300 MHz): 8 = 1.32 (s, 3 H), 1.64 (s, 3 H), 2.01 (s, 3 H), 4.77 (s, 2
H), 5.69 (t, J=6.4 Hz, 2 H), 5.78 (d, / = 6.4 Hz, 2 H), 5.83 (t, /= 6.2 Hz, 1 H). - Be NMR ([DgIDMSO, 75
MHz): § = 11.9 (CH3), 19.2 (CHj3), 19.4 (CH3), 77.3 (CH»), 92.7 (CH), 96.2 (CH), 97.7 (Cquat). 98.6 (CH),
106.0 (Cquat.)» 125.1 (Cquat..), 142.3 (Cquat.) 154.2 (Cquat), 233.9 (Cguar., CO). - MS (EI), m/z (%): 336
M2
1969 cm-!, 1888, 1875. - UV/Vis (DMSO): ;”max (&) = 317 nm (11100). - C17H1CrO4 (336.3) calcd. C

60.71, H 4.79, found C 60.21, H 4.83.
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Tricarbonyl[1] -(2-isopropylidene-4-phenyi-2,5-dihydro-furan-3-yljbenzenejchromium(0) (7e): Accor-ding
to the GP 200 mg (0.48 mmol) of 5a, 65 mg (0.48 mmol) of a-hydroxy acetophenone and 14 mg (0.57 mmol)
of sodium hydride furnished 100 mg (52 %) of 7e as yellow crystals, m.p. = 136 - 139 °C (diethyl
ether/pentane). - 1H NMR ([DgIDMSO, 300 MHz): & = 1.27 (s, 3 H), 1.69 (s, 3 H), 5.13 (s, 2 H), 5.53 (m, 2

- H) 13 1 soaer ¢ - i

1

b A

), 5.82 (m, 3 H), 7.37 (m, 5 H). - ""C NMR ([Dg]DMSO, 75 MHz): 8 = 19.3 (CH3), 19.6 (CH3), 77.3 (CHp),
91.5 (CH), 95.8 (CH), 99.6 (CH), 100.4 (Cquat ), 105.7 (Cquat)» 126.6 (Cquar.)» 128.1 (CH), 128.8 (CH), 129.5

(CH), 131.6 (Cquat.)> 144.2 (Cquar)» 155.7 (Cquat), 232.9 (Cquat.. CO). - MS (ED), m/z (%): 398 (M", 12), 314

M* -3 CO, 100), 262 (M" - Cr(CO)3, 9), 52 (Cr*, 12). - IR (KBr): ¥ = 1969 em-1, 1908, 1891,1876, 1857.

-UV/Vis (DMSQO) 1_ (g) = 3!6 nm (]37(!)\ - ChaH: CrQOs (398 4) caled. C 66.33 H 4.55: found C 66 67
A 7 max ‘-’ A 7 ZL**] 0 4\ L) VU, v UULD O, Ll T, IVUIIG W UULUL
H4.70
I 1
Tricarbonyl[7) -(2-isopropylidene-4,5-diphenyl-2,5-dihydro-furan-3-yl)benzenejchromium(0) (76):

According to the GP 200 mg (0.48 mmol) of 5a, 102 mg (0.48 mmol) of benzoin and 14 mg (0.57 mmol) of

f _.,.:-L‘_l m\ & -~ -~

sodium hydride furnished 110 mg (48 %) of 7f as yellow crystals, m.p. = 130 - 132 °C (diethy] ether/pentane).

- H NMR ([Dg]DMSO, 300 MHz): 6 = 1.35 (s, 3 H), 1.72 (s, 3 H), 5.52 (m, J = 6.6 Hz, 2 m-H), 5.75 (m, J =

75 Hz, 1 o-H, 1 p-H), 6.05 (d, J = 6.6 Hz, | o-H), 6.31 (s, 1 H), 7.13-7.26 (m, 10 H). - 13C NMR

100.6 (CH), 101.1 (Cquat), 105.4 (Cquar), 127.3 (CH), 127.4 (CH), 127.8 (CH), 128.6 (CH), 129.9 (CH,

+

double intensity), 131.8 (Cquar., double intensity), 139.4 (Cquat.), 146.9 (Cquat.), 154.4 (Cquat.), 232.8 (Cguar..
nm

+
CO). - MS (ED, m/z (%): 474 (M,

o AN L\ 7

£

)
w

7

200
JIV

/-\
W

AV ux CO, U ), 338 (K‘

V = 1967 cm-1, 1896. - UV/Vis (DMSO): )"max (e) =317 nm (16100). - Hp7CrOy4 (474.5) calcd. C 70.88

H4.67;found C71.16, H4.77.

. T -.4-.1r_..6 15 TV JEg T SRR
L/L-ITIcaroonyi{ij -| z-(1-propyiaene

-2H-chromen-3-yljbenzenejchromium(0) (7g): According to the GP
400 mg (1.10 mmol) of 5b, 110 pul (1.10 mmol) of salicylic aldehyde and 31 mg (1.3 mmol) of sodium
hydride furnished 230 mg (54 %) of 7g as yellow crystals, m.p. = 102-104 OC (diethyl ether/pentane). - 'H

0.8

III
S
]
3%

IDMSO, 300 MHz): §

]
f\

=75Hz, 1 H), 096, J

Aijy

7.2 Hz, 2 H), 1.58 (dt, J

s AL)s

0.66 H), 2.18 (dt, J = 7.2, 7.5 Hz, 1.34 H), 4.75 (t, J = 7.2 Hz, 0.66 H), 5.09 (t, J = 7.8 Hz, 0.33 H), 5.74 (m, 2
H), 5.82 (m, 1 H), 5.96 (d, J = 6.3 Hz, 1.34 H), 6.04 (d, J = 6.3 Hz, 0.66 H), 6.64 (s, 0.66 H), 6.83 (s, 0.33 H),
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6.89-6.99 (m, J = 7.1 Hz, 2 H), 7.20-7.40 (m, J = 7.2 Hz, 2 H). - 1°C (IDg]DMSO, 75 MHz): § = 14.0
(CHz), 18.0 (CHy), 93.4 (CH), 96.5 (CH), 97.2 (CH), 109.3 (CH), 109.8 (Cgygr), 114.5 (CH), 120.6 (Cquar).

CO); additional signais for the E-isomer: 14.6 (CH3), 20.8 (CH>y), 93.7 (CH), 95.3 (CH) (CH), 111.9
(Cquat), 113.4 (CH), 114.5 (CH), 121.2 (Cgyat ), 122.6 (CH), 127.0 (Coyai), 127.4 (CH), 130.2 (CH), 130.8
Yyuat. s Y 73 1 A \—quai.s, 24+ N /0 \~quat./» * AN 2ajy 2Vl \Reddyy, 1JV.O

(CH), 145.2 (Cgyar)» 153.8 (Cquat), 233.8 (Cquar., CO). - MS (EI), m/z (%): 384 (M", 28), 328 (M" - 2 CO,
11), 300 (M" - 3 CO, 100), 248 (M™ - Cr(CO)3, 15), 52 (Cr', 32). - IR (KBr): v = 1969 cm-!, 1884. -
UV/Vis (DMSO): A___ (€) = 333 nm (9300). - C31H 6CrO4 (384.4) calcd. C 65.62, H 4.19; found C 65.78, H

4.02.

Tricarbonylf 116-1-(2-isopropylidene-2H-chromen-3-yl)-3-methylbenzene]chromium(0) (7i): According to

the GP 200 mg (0.46 mmol) of 5d, 48 ul (0.46 mmol) of salicylic aldehyde and 14 mg (0.57 mmol) of sodium
hydride furnished 170 mg (92 %) of 7i as yellow crystals, m.p. = 130-13 (diethyl ether/pentane). -

oy
I}
(o))
>
o
N
—
—
wn
O
[\
o~
(7
i
L

=
n
O
¥
—
3
‘:I:

1), 6.95-7.00 (m, 3 H), 7.24-7.29 (m, 2 H). - "C N

([Dg]DMSO, 75 MHz): & = 18.2 (CH3), 20.2 (CHj3), 21.1 (CH3), 92.2 (CH), 93.9 (CH), 95.3 (CH), 110.8
(Cquat) 114.5 (Cquar), 115.4 (Cquar), 122.1 (Cquat), 122.3 (CH), 127.1 (CH), 128.5 (Cgyat), 129.4 (CH),

130.2 (CH), 139.5 (Cquar ), 154.1 (Cquat.), 234.3 (Cquat.. CO). - MS (ED), m/z (%): 398 (M, 28), 342 (M" - 2

CO, 25), 314 M* - 3 CO, 100), 262 M" - CK(CO)3, 12), 52 (Cr”, 12). - IR (KBr): ¥ = 1960 cm-1, 1877. -

A
‘]
'
n
»

UV/Vis (DMSO): A___ (8) = 332 nm (9500). - C35H5CrO4 (398.4) caled. C 66.33, H 4.55; found C 66.58, H

Tricarbonyl[n6-1-(2-isopropylidene-ZH-chromen-3-yl)-4-methylbenzene]chromium(O) (7j): According to

~ ry

the GP 200 mg (0.46 mmol) of Se, 48 pl (0.46 mmol) of a-salicylic aldehyde and 14 mg (0.57 mmol) of
sodium hydride furnished 150 mg (82 %) of 7j as yellow crystals, m.p. = 130-133 OC (diethyl ether/pentane).
- 1H NMR ([Dg]DMSO, 300 MHz): 8 = 1.28 (s, 3 H), 1.79 (s, 3 H), 2.09 (s, 3 H), 5.66 (d, / = 6.6 Hz, 2 H),

60

Vv

~

d,J=66Hz 2 H), 621 G, 1 H), 691 (m, J = 63 Hz, 2 H), 7.16 (m

s Wy \21iy &

J=6.9Hz, 2 H). - "CNMR

(IDg]DMSO, 75 MHz): & = 18.5 (CH3), 20.1 (CH3), 21.3 (CH3), 94.2 (CH), 97.0 (CH), 109.4 (Cquar), 111.2
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36), 314 (M" - 3 CO, 100), 262 (M" - CH(CO)3, 6), 52 (Cr', 2). - IR (KBr): v = 1967 cm-1, 1956, 1877. -

UV/Vis (DMSO): &, (€) = 336 nm (9500). - Cz5H3CrO4 (398.4) caled. C 66.33, H 4.55; found C 66.31, H

Tricarbonyl] n6-1-(3—isopropylidene-3H-pyrrolizin-2-yl)-3-methylbenzene]chromium(0) (7k): According to
the GP 180 mg (0.41 mmol) of 5d, 39 mg (0.41 mmol) of pyrrole-2-carbaldehyde and 12 mg (0.50 mmol) of
sodium hydride furnished 100 mg (64 %) of 7k as yellow crystals, m.p. = 152 - 154 °C (diethyl

(CH), 9.0 (CH), 100.7 (CH), 109.0 (Cquat.)> 111.7 (Cquar), 113.1 (CH), 119.4 (CH), 123.8 (Cqyar). 1254
(CH), 131.4 (Cquat)» 133.8 (Cquat.)» 136.4 (Cquat), 234.4 (Cquar., CO). - MS (ED), m/z (%): 371 (M", 53), 315
M* -2CO, 24), 287 (M™ - 3 CO, 100), 235 (M" - Cr(CO)3, 7). - IR (KBr): ¥ = 1962 cm-1, 1881. - UV/Vis

(DMSO): A__

av
iaAa

(&) =315 nm (18200). - CooH7CrNO3 (371.4) caled. C 64.68 H 4.61, N 3.77; found C 64.61,

H 4.80, N 3.77.
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