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Abstract: A highly regioselective cyclohexadiene annulation to tHeGIN) bond of an enamine is achieved in two

steps involving the condensation of a 1-alkynylcarbene complexs{@SL(OEt)G=CPh1 (M = Cr, W) with an
enolizable carbonyl compound (2,4-pentanedione, 3-oxobutyric acid ester, 2-tetralones, and 1,3-cyclopentanedione)
to give a pyran-2-ylidene comple¥ 5, and17, which on subsequent reaction with cyclic enamiged, 13, and16,

generate a 5-amino-1,3-cyclohexadiene by elimination of MgCOhus, bicyclic ring skeletong and 10, steroid-

like molecules, 18, and19, and tetracyclic compoundsl, 12, and15 are obtained mostly in good chemical yields

and under mild conditions. Side reactions, such as base-induced self-condensatiomgive aryl pyran-2-ylidene
complexes20 become efficiently suppressed in hydrocarbon solvents.

Reactions of alkynylcarbene complexes (@@FC- overall [3+2] cycloaddition of compound to tertiary 1-ami-
(OEt)G=CPh1 (M = Cr, W) with carbon nucleophiles, e.g., nocycloalkenes (Scheme %3¢ The latter annulation process
enol ethers or enamine®® were found to provide a rich source  was shown to proceed via initial formation of 1-metalla-1,3,5-
of novel and synthetically useful routes to the generation of hexatriene8. With respect to the apparent pivotal role of
carbocyclic ring compounds. For example, it has been reported1-metalla-1,3,5-hexatrienes in this and also in related processes,
most recently that cyclopentadiene annulation products arewe are currently exploring different modes for the generation

obtained regioselectively and in high chemical yields by an of such compounds as well as a manifold of different reaction
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paths by which 1-metalla-1,3,5-hexatrienes can be transformed
into organic products. For example, cyclopentadiene com-
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§ X-ray structure analysis.
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pyran-2-ylidene complexes, and 1,2-dihydropyridin-2-ylidene
complexe® may be generated depending on the substitution
pattern and the reaction conditions employed.

An approach to 1-metalla-1,3,5-hexatrienes, other than by the
“enamine route”, is based on ring-opening reactions of pyran-
2-ylidene complexe8 (Scheme 2), e.g., through the addition
of aminest While attempting to extend this latter route to the
formation of 1-metalla-1,3,5,7-tetraenes by reacting enamines
(vinylogous amines) instead of amines with pyran-2-ylidene
complexes, a fragmentation of the pyran-2-ylidene ring was
found to occur. Addition of enamines to pyran-2-ylidene
complexes led to an overalis-annulation of a cyclohexadiene
unit to the G=C(N) bond of the enamine by disengagement of
M(CO)s (Scheme 1). This type of reaction has been reported
(with very little experimental detail) by Wulff et &lprior to
our studies.

The cyclohexadiene annulation reaction via pyran-2-ylidene
complexes is well suited for synthetical application, since it is
highly regioselective, proceeds under very mild conditions, and
affords good chemical yields if carried out under proper reaction
conditions. We wish to report on a successful syntheses of,
e.g., steroid-like molecules by a simple two-step procedures
involving (a) the addition of an 1-alkynylcarbene completo
an enolizable carbonyl component to generate a pyran-2-ylidene
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Scheme 1. Cyclopentadiene and Cyclohexadiene Annulation
to Enamines (M= Cr, W)
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Scheme 2. Pyran-2-ylidene Complexes by Condensation of
Alkynylcarbene Complexes with Carbonyl Compounds
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complex, which (b) is subsequently reacted with an enamine to
give the cyclohexadiene annulation product.

Pyran-2-ylidene Complexes. Among several routes
available for the generation of pyran-2-ylidene complex-
ege3b3c33k5816  the condensation of a 1-alkynylcarbene
complexlab with an enolizable carbonyl compound, e.g., 2,4-
pentanedione?), was selected for the generation of complexes
3.2 If carried out under carefully controlled conditions, in
pentane and in the presence of catalytic amounts sM,Ehis
reaction usually affords clean products in high yields that
separate crystalline complexes directly from the reaction
mixture® Furthermore, condensation df with carbonyl

components other than 1,3-diketones proved to be possible with C(13)-C(4)—C(5)

2-tetralone affording benzafllchromen-2-ylidene complexes
5 (Scheme 2).

The structural assignment of pyran-2-ylidene compleXes
and5 is based on spectroscopic data and on X-ray structure
analyses of compound3b® and 5¢ (Figure 1, Tables 43).
Compounds$ and5 are considered resonance hybrides between
pyran-2-ylidene and pyrylium ylide structures. The pyrylium
character of compoundc is indicated by the pattern of

Aumann et al.

C36 f
Z C34
C35

Figure 1. Molecular structure of pyran-2-ylidene complég

Table 1. Selected Bond Lengths (A) and Angles (deg) Sor

W—C(1) 2.182(9) C(5)C(10) 1.423(12)
C(1)-0 1.382(11) c(6YC(7) 1.371(13)
C(1)-C(2) 1.410(12) C(7yC(8) 1.375(15)
c(2)-C(3) 1.391(12) C(8YC(9) 1.386(15)
C(3)-C(4) 1.430(12) C(9)¥C(10) 1.358(13)
C(3)-C(31) 1.464(12) C(16)C(11) 1.516(13)
C(4)-C(13) 1.381(12) c(1HCc(12) 1.534(14)
C(4)-C(5) 1.465(12) C(12yC(13) 1.482(12)
C(5)-C(6) 1.401(12) C(13)0 1.343(11)

C(23-W—C(1)  177.6(4) C(6)C(5)-C(4) 123.4(8)

C(22-W—C(1) 90.3(3) C(10¥C(5)-C(4) 119.2(8)

C(25)-W—C(1) 89.0(3) C(7)>C(6)-C(5) 121.2(9)

C(24-W—C(1) 87.7(3) C(6YC(7)-C(8) 121.3(9)

C(21)-W—C(1) 89.5(3) C(7)>C(8)-C(9) 117.0

0—C(1)-C(2) 113.2(7)  C(10}C(9)-C(8) 122.8(9)

O-C(1)-W 117.7(6)  C(9%-C(10)-C(5) 119.5(9)

C(2)-C(1)-W 129.1(6) C(9%-C(10)-C(11)  121.9(8)

C(3)-C(2)-C(1)  124.8(8) C(5rC(10)-C(11)  118.6(8)

C(2-C(3)-C(4)  118.0(8) C(10yC(11)}-C(12) 109.1(8)

C(2)-C(3)-C(31) 117.8(7) C(13)C(12)}-C(11) 109.7(8)

C(4)-C(3)-C(31) 124.3(8) ©-C(13)-C(4) 122.8(8)

C(13)-C(4)-C(3) 116.5(8) O-C(13)-C(12) 114.8(8)

117.0(8) C(4YC(13)-C(12)  122.4(8)

C(3)-C(4)-C(5)  126.4(8) C(13y0—C(1) 124.4(7)

C(6)-C(5)-C(10) 117.3(8)

1.391(12), C(3yC(4) 1.430(12), C(4yC(13) 1.381(12),
C(13)-0 1.343(11)] and is similar to that found for pentacar-
bonyl(5-acetyl-6-methyl-4-phenylFE-pyran-2-ylidene)tung-
sten Bb).8 Furthermore, the distance ¥WC1 2.182(9) A proves
to be significantly longer than the distance=%&, e.g., in

(essentially) non-alternating bond distances between the ring(COxW=C(OMe)Ph (2.05 AL’ Further indication of the

atoms [C(1}-O 1.382(11) A, C(1)-C(2) 1.410(12), C(2}C(3)
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pyrylium character obc is based upon the strong deshielding

of NMR signals of C13 ¢ 178.8}8 and 2H ¢ 8.04) and a

significant upfield shift of C1 ¢ 250.6) compared to the shift

of the carbene carbon atom of (G@J=C(OEt)Ph ¢ 319.6)°
1,3-Cyclohexadiene Annulation to 1-Aminocyclopentenes

and Formation of Steroid-Like Molecules. Addition of an

enamine §, 9, or 13) to a pyran-2-ylidene complex(or 5) in

a hydrocarbon solvent leads to the formation of a cyclohexadiene

annulation product, which is accumulated in solution, while

(17) Mills, O. S.; Redhouse, A. IAngew Chem 1965 77, 1142;Angew
Chem, Int. Ed. Engl. 1965 4, 1082.

(18) For numbering of atoms see Figures 1 and 2, respectively.
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Steroid-Like Ring Skeletons

Table 2. Details of X-ray Crystal Structure Analyses f8b and5c

formula GgH3i1NO Co4H1406W
a(A) 8.987(1) 9.188(1)
b (A) 9.876(1) 12.244(4)
c(A) 13.434(1) 12.707(2)
a (deg) 81.39(1) 63.23(2)
B (deg) 75.84(1) 72.61(1)
y (deg) 71.32(1) 69.03(2)
vol (A3) 1091.9(2) 1175.4(4)

diffractometer

data coll temp (K) 223 223
A (A 1.54178 0.71073
space group P1 (No. 2) P1(No. 2)
z 2 2
u(cmY) 5.52 49.55
empirical abs corr 94:699.9% 83.8-99.8%
Omax (deg) 74.28 26.28
no. of data collected 4750 4992
no. of unique data 4452 4769
Rmerge 0.030 0.076
no. of data obsdx20(l)) 3941 3878
no. of refined params 273 290
R1 [=20(])] 0.046 0.055
WR2 [>20(])] 0.127 0.139
Flack param

goodness of fit 1.028 1.027

programs used

Enraf-Nonius CAD4 Enraf-Nonius MACH Il

MolEN, SHELXS-86 and SHELXL-93

Table 3. Atomic Coordinates and Equivalent Isotropic

Displacement Parameters3&or 5¢

X y z Ueaq)
w 0.1391(1) 0.2309(1) 0.4223(1)  0.028(1)
C(21) -0.0984(12)  0.2675(9) 0.4250(8)  0.034(2)
0(21) -0.2273(9) 0.2885(9) 0.4251(8)  0.058(2)
C(22)  03757(13)  0.1900(10)  0.4226(10) 0.043(2)
0(22)  05064(10)  0.1647(11)  0.4255(10) 0.078(3)
C(23)  0.0999(12)  0.3177(9) 05342(9)  0.036(2)
0(23)  0.0762(10)  0.3638(8) 0.6012(7)  0.052(2)
C(24)  0.1246(10)  0.0608(9) 0.5606(8)  0.030(2)
0(24)  0.1146(9) —0.0321(7) 0.6341(6)  0.046(2)
C(25)  01330(14)  0.3996(10)  0.2779(9)  0.043(2)
0(25)  0.1167(14)  0.4938(8) 0.2008(8)  0.069(3)
C(1)  01919(11)  01359(8)  0.3003(8)  0.033(2)
c) 0.2699(11)  0.0084(8) 03172(8)  0.028(2)
C(3)  02889(10) —0.0456(8)  0.2367(8)  0.028(2)
c(4) 0.2410(10)  0.0363(8) 0.1230(8)  0.027(2)
C(5)  02687(10) 00016(8)  00209(8)  0.028(2)
c(6) 0.3929(10) —0.0988(9) 0.0027(8)  0.032(2)
c(7) 0.4141(12) —0.1273(10) —0.0945(9)  0.041(2)
c(8) 0.3174(13) —0.0558(11) —0.1796(9)  0.043(2)
c(9) 0.1954(13)  0.0447(10) —0.1630(9)  0.040(2)
C(10)  01700(11)  0.0762(9) —0.0681(8)  0.031(2)
C(11)  00406(13)  0.1901(9) —0.0545(9)  0.043(2)
C(12)  01016(14)  0.2548(9) —0.0037(9)  0.042(2)
C(13)  0.1634(11)  0.1607(9)  0.1076(8)  0.032(2)
C(31)  0.3528(10) —0.1832(9) 0.2751(8)  0.029(2)
C(32)  0.2664(11) —0.2557(9) 02762(8)  0.033(2)
C(33)  03209(13) —0.3845(10)  0.3158(10) 0.043(2)
C(34)  0.4754(15) —0.4444(9) 03505(11) 0.051(3)
C(35)  05600(14) —03714(10)  0.3452(11) 0.053(3)
C(36)  0.5046(11) —0.2423(10)  0.3068(9)  0.040(2)
0 0.1412(8) 0.2065(6) 0.1910(6)  0.033(1)
C(40)  04992(19)  0.5083(30) —0.0625(12) 0.198(8)
C(41)  03427(31)  0.5928(20) —0.1028(26)  0.198(8)
C(42)  02490(29)  0.5140(29) —0.1045(29) 0.198(8)

aU(eq) is defined as one-third of the trace of the orthogonalizgd
tensor.

M(CO)s is precipitated from the reaction mixture (Scheme 3).
Reaction of 1-aminocyclopenteBgroceeds faster (530 min

at 20°C) than that of 1-aminocyclohexe845—20 h at 20°C)

and much faster than that of 1-aminocyclohept&Béca. 18 h

at 90°C). Furthermore, a pyran-2-ylidene compl@xwhich

is activated by an electron-withdrawing acetyl group at C5, is
more reactive toward the addition of an enamine than a benzo-

J. Am. Chem. Soc., Vol. 118, No. 44, 19855

Scheme 3. Condensation of Pyran-2-ylidene Complexes
with 1-Aminocyclopenten®
()
7
f

Ph_ o M(C0)s { N \ oh
R Se) + é — R
° 3 6 o

-M(CO0)s
(CO)s : j
Ph M)
R 1
o B

7 R 1% 8 R 8%
a Me 92 a H 90
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[dlchromen-2-ylidene comple& An explanation of the reac-
tion course of the cyclohexadiene annulation is based on the
fact that the addition of primary amines to pyran-2-ylidene
(pyrylium ylide) complex3b was shown to result in initial
formation of a zwitterionic adduct to C6 of the pyran-2-ylidene
ring® Hence, addition of an enaming@ to compound3 is
expected to afford a zwitterionic specigswhich provides for

an optimal delocalization of negative charge. It is assumed that
a bicyclo[4.3.0]heptadien@ is obtained fromA by retrocy-
cloaddition of M(CO} (M = Cr, W) (Scheme 3). The marked
influence of the enamine ring size on the reaction rate is in line
with an assumption that a six-membered intermedBtés
formed in the rate-determining step.

The elegance of the cyclohexadiene annulation via pyran-2-
ylidene complexes is demonstrated by the generation of amino
steroid-like ring skeleton® e.g., compound, in high chemical
yields simply by the addition of an enamiBeto a benzafl]-
chromen-2-ylidene complex Although compound3 and8
contain a 1-aminocyclo-2,4-hexadiene unit, they are quite stable
under ambient conditions and can be isolated by chromatography
on silica gel without decomposition. Elimination of pyrrolidine
is slow, probably due to an unfavorable transition state config-
uration resulting from the non-planar cis arrangement of the
C—N and the C-H bond in the (distorted and essentially rigid)
five-membered ring system. From the X-ray analysis8bf
(Figure 2, Tables 2, 4, and 5) the dihedral angle@1.3-C14—
14H was determined to be34.7.18 The pyrrolidine moiety
of 8ab was found to be thermally eliminated when subjected
to GC—MS studies at 200C.

1,3-Cyclohexadiene Annulation to 1-Aminocyclohexenes.
Reaction of pyran-2-ylidene complex8swith 1-aminocyclo-
hexene9 results in the formation of a hexahydronaphthalene
10, while benzofllchromen-2-ylidene complexés afford an
aminooctahydrochryserEl (Scheme 4). Compounds) and
11 are stable in gDg at 70°C for at least for 3 days with the
cyclohexadiene annulation to the six-membered ring enamine
9 being slower than to the five-membered ring enamine
However, and in contrast, cis elimination of pyrrolidine from

(20) Pancrazi, A.; Khuong-Huu, Qetrahedronl974 30, 2337-2343.
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Table 5. Atomic Coordinates and Equivalent Isotropic
Displacement Parameters 3&or 8b?

%.( X y z Ueaq)
el Ve c21/ D~ C(L)  0.7408(2) —0.2608(1) 0.2600(1)  0.033(1)
crs pX ) G c() 0.6556(2) —0.1157(2)  0.2535(1)  0.037(1)
iz )\(@ N C@3) 0.5775(2) —0.0600(1)  0.1727(1)  0.038(1)
o Qa  of <« }dﬁ;l\d It O Cg4g 0.5832223 70.1495523 0100221; o.osgglg
3 ci 0.6682(2) —0.2930(1)  0.1064(1)  0.033(1
o/f Yo Mcnél? o \@\A—O C(6) 0.6737(2) —0.3900(2)  0.0283(1)  0.039(1)
f< M cu c(7) 0.6631(2) —0.5346(1)  0.0815(1)  0.036(1)
' afle i’\ O A c(8) 0.7866(2) —0.5951(1)  0.1473(1)  0.031(1)
S o o W10 c(9) 0.8353(1) —0.5080(1)  0.1928(1)  0.030(1)
L { Y ~o C(10) 0.7514(1) —0.3519(1)  0.1867(1)  0.030(1)
At LD}A/Q%\D c(11) 0.9622(1) —0.5748(1)  0.2535(1)  0.031(1)
e C(12) 0.9943(2) —0.7147(1)  0.2852(1)  0.036(1)
O C(13) 0.9082(2) —0.8121(1)  0.2631(1)  0.035(1)
Figure 2. Molecular structure of amino steroib. C(14) ~ 0.8504(2) —0.7548(1)  0.1617(1)  0.035(1)
C(15) 0.9955(2) —0.8182(2)  0.0746(1)  0.052(1)
Table 4. Selected Bond Lengths (A) and Angles (deg) 8br C(16) 1.1118(2) —0.9379(2)  0.1249(2)  0.070(1)
corsi  imme  camcmy  Lmmm S QIO oG onaly oo
gggig@ iggig)) 5&32;\3(13) ffgg(%) c(18) 0.8208(2) —0.9035(2)  0.4441(1)  0.054(1)
Gl 1R O3t i3 me0 ommp sua ome
C(4)-C(5) 1379(2)  C(13yC(17) 1.543(2) C(21)  0.6504(2) -0.6965(2) 0.3830(1)  0.039(1)
C(5)-C(10) 1.411(2)  C(14)C(15) 1.552(2) 0 0.4935(2) 0.0816(1)  0.1562(1)  0.056(1)
C(5)-C(6) 1505(2)  C(15yC(16) 1.504(3) C(22)  0.4407(2) 0.1670(2)  0.2406(1)  0.044(1)
gggg:gg; igég% EL((I%S)(N) i-iég% C(111)  1.0666(1) —0.4935(1)  0.2711(1)  0.032(1)
C(8)-C(9) 1355(2)  N-C(21) 1.467(2) Cl1n 122050 _oarrsz) oarnD)  0omad
C(8)-C(14) 1.496(2)  C(18yC(19) 1.519(3) c§114§ 1'2856522 —0'36028 0'2963523 o'052§1§
C(9)-C(10) 1.483(2)  C(19)C(20) 1.533(3) C(115) 1.2338(2) -0.3377(2) 0.2050(1)  0.044(1)
g%?)l_f&ﬂ) i:gig% 8((2:((3%%(21) iﬁg% C(116)  1.1243(2) —0.4023(1) 0.1926(1)  0.035(1)
C(2)-C(1)-C(10) 121.95(12) C(9)C(11)-C(111) 121.34(11) aU(eq) is defined as one-third of the trace of the orthogonalized
C(3)-C(2)-C(1) 119.24(12) C(1HC(12)-C(13) 123.89(12)  tensor.
0-C(3)-C(2 124.80(13) N-C(13)-C(12)  112.91(11 . .
O—CEBg—C% 115.38%12% MCElB)):CEMg 111'49&0; Scheme 4. Condensation of Pyran-2-ylidene Complexes

with 1-Aminocyclohexen® (M = Cr, W)

C(2)-C(3)-C(4)
C(S)-C(4)-C(3)
C(4)-C(5)-C(10)
C(4)-C(5)-C(6)
C(10)-C(5)-C(6)
C(5)-C(6)-C(7)
C(8)-C(7)-C(6)
C(9)-C(8)-C(14)
C(9)-C(8)-C(7)
C(14)-C(8)-C(7)

119.80(12) C(12)C(13)-C(14) 108.75(11)
120.96(12) N-C(13)-C(17)  110.26(11)
120.36(12) C(12)C(13)-C(17) 110.60(11)
120.98(12) C(14)C(13)-C(17) 102.33(12)
118.66(12) C(8yC(14)-C(13) 114.74(11)
109.80(11) C(8yC(14)-C(15) 112.57(12)
110.78(11) C(13)C(14)-C(15) 105.61(11)
121.73(12) C(16)C(15)-C(14) 106.69(14)
121.07(12) C(15)C(16)-C(17) 106.92(14)
117.19(11) C(16)C(17)-C(13) 104.80(13)

N
Z /M(CO oh
x° R |:
0o 10

()

C(8)-C(9)-C(10)  118.70(11) C(18)N—C(21)  103.48(12) W(co) on N
C(8)-C(9)-C(11)  118.22(11) C(18)N—C(13) 115.45(11) s O‘
C(10-C(9)-C(11) 122.91(11) C(2BN—C(13)  116.69(11)

C(1)-C(10)-C(5) 117.66(12) N-C(18)-C(19)  103.30(13) O‘
C(1)-C(10)-C(9)  123.75(11) C(18)C(19)-C(20) 104.49(13) 1

C(5)-C(10)-C(9)
C(12)-C(11)-C(9)

C(12)-C(11)-C(111) 118.70(11) C(3)0—C(22)

118.45(11) C(2DC(20)-C(19) 104.69(13)
119.67(12) N-C(21)-C(20)  103.63(12)
117.52(12)

11 on contact with silica gel to afford an aromatic compound

12 proceeds faster than wit (Scheme 3).

1,3-Cyclohexadiene Annulation to 1-Aminocycloheptenes.

- CyHoN l

Ph.

. . . 0] % 11 (90 %
The reaction of 1-amino cyclohepteb@with benzofllchromen- ooR o S
2-ylidene complexais sluggish and requires heating to 9 a Me 87 12(0-90%)
b OMe 95

‘O

12

(Scheme 5). Although a singulet@6.78 was observed in the

H NMR spectrum of the crude reaction mixture, which dehydronaphthalen&6 (Scheme 6). Compoundk7ab are

indicated that the cyclohexadiene annulation prodisthad obtained by condensation of 1,3-cyclopentandione with alkyn-

been formed, this could not be isolated by chromatography sinceylcarbene complexeka,b with the subsequent formation of the

it readily underwent aromatization on silica gel to give steroid-like ring skeletori8 proceeding in a smooth reaction.

compoundl5 by elimination of morpholine. These compounds prove to be quite stable in solution at ambient
Alternate Route to Steroid—Like Ring Skeletons. A temperature, but elimination of pyrrolidine to give compound

further approach to the formation of steroid-like ring skeletons 19 occurs rapidly if isolation is attempted by chromatography

via the cyclohexadiene annulation procedure, which is comple- on silica gel.

mentary to that shown in Scheme 3, is achieved by condensation 1,3-Cyclohexadiene Annulation to Enoles.The 1,3-cyclo-

of a cyclopentano pyran-2-ylidene compl&® with 1-amino- hexadiene annulation to enamines can be extended also to
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Scheme 5. Condensation of Pyran-2-ylidene Complexes Scheme 8. Enaminolysis of Pyran-2-ylidene Comple&ob

with 1-Aminocycloheptend 3 . Ph
W [ O -804

R
Ph . SC(C0)s [Nj Ph 200 pp, Q Ph 21
0 . @—- ) .
} 1)
13

Scheme 9. H/D Exchange in Pyran-2-ylidene Compl8&k

14
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3b Ph
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Ph

Ph
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CDHs.x
(6-CDHs.J-3b °1 [COCD,Hy,J-3b PP

are obtained in up to 8285% yields, if pyran-2-ylidene
complexes3 are treated with BN in acetone as solvent. These
compounds are also generated in good yield if an ether solution
of a pyran-2-ylidene comple8a,b is treated with aqueous
NaOH in presence of [EN-CH,Ph]Br as a PT catalyst. In this
case, brick-red colored crystals separate and accumulate in the

Scheme 7. Base-Induced Self-Condensation of ether phase together with M(C§)However, formation oR0
Pyran-2-ylidene Complexes can be strongly retarded if pyran-2-ylidene compleQeare
® prepared fronl and2 (Scheme 2) in &dydrocarbon salent, in

o o EZ"’: oH 0 EtaNH which they dissolve only sparingly. Since pyran-2-ylidene

(CO)sM N (== |cosu =0° complexes3 are precipitated under these conditions, they
— = become sufficiently protected from undergoing self-condensation

: Fh ¢ " to give 20. The reaction path leading to generation 26
.3 j (Scheme 7) is based on our experience from studies of the
(colsM, aminolysis of3.8 Accordingly, it is assumed that addition of
o Fh . o Ph H,O and EtN to compound3 leads to a (reversible) ring
(COYsM \ ~— |(co)sM N opening with the formation of an enola@® Addition of C to
o 0 a further molecule of pyran-2-ylidene compl8&xwould then
20 Ph D

afford compoun@0 via retrocycloaddition of M(CQ)from an
enoles. An interesting application of a 1,3-cyclohexadiene intermediateD.

annulation to an enol is represented by the base-induced self- The structure o0 is based upon spectroscopic evidence as
condensation of pyran-2-ylidene complegq$Scheme 7). This  well as on the reactivity 020 toward enaminé. Addition of
latter process must be noted in the context of our present studiesg to the tungsten comple0b affords the cyclohexadiene
since it may (unwantedly) even become the main reaction if annulation compoungl as the only detectable organic product
generation of pyran-2-ylidene complexes is attempted in polar (Scheme 8).

solvents, like THF or acetone. As has been mentioned above, In context with our investigation of the base-induced self-
base-induced condensation of ketones with alkynylcarbene condensation of complexé&s which we assume is initiated by
complexesla,b (Scheme 2) usually provides high chemical nucleophilic attack of OH at C6 of the pyran-2-ylidene ring
yields of pyran-2-ylidene complexe8. Importantly, this and subsequent ring opening to an intermed&{&cheme 7),
transformation must be carried out under carefully controlled we have envisaged deprotonation3és an alternate route to
reaction conditions in pentane since the product complexes arethe formation of20. It can be demonstrated by4 NMR
only sparingly soluble in this solveft.However, if the same  experiments that both methyl groups of compo@ihdindergo
processes are undertaken in homogeneous solution, two sidéHd/D exchange in [[glacetone in presence of 48, which is
reactions may cause a severe drop in chemical yield. Thesefaster than the self-condensation mentioned above (completed
are (a) the base-induced self-condensation of a pyran-2-ylidenewithin 15 h at 20°C) (Scheme 9). Furthermore, it can be
complex 3 (Scheme 7) and (b) the possible base-induced deduced fromH NMR spectra taken continuously that incor-

condensation of a pyran-2-ylidene compgwith the carbonyl poration of a deuterium atom into the 6-gtb 2.67) group is

component (Scheme 10). We herein wish to present examplesca. two times faster than incorporation into the CO;@#1.92)

of these possible side reactions. group. This is to be expected since the negative charge is better
Self-Condensation of Pyran-2-ylidene ComplexesPyran- stabilized by delocalization through the conjugatedystem

2-ylidene complexe8a,bare not stable in solution in presence in anion E than inF. Although it cannot be fully excluded
of a base and readily undergo self-condensation to form (cherry-that it is the enolate anioh that adds t® in the first step of
red) biphenyl derivative20a,b(Scheme 7). Compoun@®a,b the self-condensation reaction, it appears to us that this reaction
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Scheme 10. Condensation of Pyran-2-ylidene Complesges
with Benzaldehyde

EtsN
+ Ph-CHO —— (CO)sW
Me3SiCl

22b

Ph

Aumann et al.

pentane with efficient stirring at 20C until a dark (homogeneous)
solution is obtained (after-35 min), from which violet crystals o8c
begin to precipitate within 10 min at 20C. After 2 h at 20°C,
crystallization is continued at15 °C for 12 h to give (additional)
compound3c (480 mg, 87%R: = 0.5 diethyl ether/pentane 1:1}H
NMR (CDClg): ¢ 8.05 (1 H, s, 3-H), 7.50 (3 H, np- andm-H, Ph),
7.37 (2 H, m,0-H, Ph), 3.62 (3 H, s, C&CHz), 2.67 (3 H, s, 6-Ch).
13C NMR (CDCk): 6 258.7 (W=C), 204.3 und 198.3 [1:4rans and
cis-CO, W(CO}], 175.3 (Cq, C6), 165.6 (Cq;O.CHs), 143.9 (Cq,

path might be unfavorable for steric reasons. Furthermore, it C4), 141.4 (CH, C3), 135.7 (C&C, Ph); 130.6, 129.1, and 127.3 (CH
could be suggested that in the case of pyran-2-ylidene complexeach, Ph), 120.3 (Cq, C5), 53.0 (&H3), 19.9 (CQCH3). IR (diffuse

3b the 6-CH group would be more prone to undergo condensa-
tion reactions than the COGHjroup.

Thus, condensation of the pyran-2-ylidene com@bxwith
benzaldehyde in presence ogNiMe;SiCl affords produc22b
(Scheme 10). Proof for the structure of compo@g2t is based
on the signals C6 at 168.2 @bh: 173.9), 6€0CH; 0 199.3
(3b: 204.5), 6-C@H; 6 31.7 @b: 31.3) in thel3C NMR
spectrum as well as on the(C=0)] band at 1699.0 cri (3b:

1702.4) in the IR spectrum which, as shown, are similar to those

of 3b. It is worth noting that had the condensation of
benzaldehyde occurred with the COgdtoup, the spectroscopic
values above would have been considerably different.

Experimental Section

All operations were carried out under an atmosphere of argon.
Solvents were dried and distilled prior to ust#d (300 MHz) and'3C
(75.5 MHz) NMR spectra were recorded on a Bruker ARX 300
instrument. 13C NMR multiplicities were determined by DEPT, NOE,
and DR spin-decoupling. IR spectra were recorded on a Biorad Digilab
Division FTS-45 FT-IR spectrophotometer. GC/IR spectra were taken
on a Shimadzu gas chromatograph GC-14A coupled to a Biorad Digilal
Division GC/C32. Elemental analyses were determined on a Perkin
Elmer 240 elemental analyzer. Analytical TLC plates, Merck DC-
Alufolien Kieselgel 6@.40 were viewed by UV light (254 nm), by

exposure to iodine vapor or were stained by a 5% aqueous acidic

ammonium molybdate solutionR; values refer to TLC tests. Chro-
matographic purifications were performed on Merck Kieselgel 100.
Pentacarbonyl(5-acetyl-6-methyl-4-phenyl-Bl-pyran-2-ylidene)-
chromium (3a). To pentacarbonyl(1-ethoxy-3-phenyl-2-propyne-1-
ylidene)chromium1a) (350 mg, 1.00 mmol) in a 5-mL screwtop vessel
is added a solution of pentane-2,4-didh¢100 mg, 1.00 mmol) and
triethylamine (50 mg, 0.50 mmol) in 4 mL of pentane with efficient
stirring at 20°C until a dark (homogeneous) solution is obtained (after
3—5 min), from which violet crystals 08a begin to precipitate within
10 min at 20°C. After 2 h at 20°C, crystallization is continued at
—15°C for 12 h to give (additional) compourgh (368 mg, 91% R
= 0.5 pentane/dichloromethane 4:1, violet needles from diethyl ether).
1H NMR (Cg¢Dg): 6 8.00 (1 H, s, 3-H), 6.90 (5 H, m, Ph), 1.90 (3 H,
s, 6-CH), 1.29 (3 H, s, OCCH). *3C NMR (C¢Dg): 6 283.4 (Cr=C),
224.7 and 118.afans andcis-CO, Cr(CO}], 199.4 (Cq, G=0), 175.9
(Cq, C6), 140.9 (Cq, C4), 139.3 (CH, C3), 135.7 (€6, Ph); 131.4,
130.0, and 128.5 (CH each, Ph), 127.6 (Cq, C5), 31.3 (6}Ct9.3
(OCCHa). IR (diffusion reflection), cm®: 2052.9, 1979.7, 1915.%
(C=0)], 1701.4 p(C=0)]; IR (hexane): 2055.4 (30), 1983.1 (5),
1939.2 (100) §(C=0)]. MS (70 eV),m/e (%): 404 (20) [M], 376
(10), 348 (20), 320 (20), 292 (30), 264 (50) M- 5CO], 52 (100).
Anal. Calcd for GeH1,CrO; (404.3): C, 56.45; H, 2.99. Found: C,
56.39; H, 2.76.
Pentacarbonyl(5-carbomethoxy-6-methyl-4-phenyl-B-pyran-2-
ylidene)tungsten (3c).To pentacarbonyl(1-ethoxy-3-phenyl-2-propyne-

1-ylidene)tungstenilp) (482 mg, 1.00 mmol) in a 5-mL screwtop vessel
is added a solution of methyl 3-oxobutyric acid methyl esz®) (100
mg, 1.00 mmol) and triethylamine (50 mg, 0.50 mmol) in 4 mL of

reflection), cnt: 2062.1, 1973.7, 1902.6(C=0)], 1725.6 §(C=0)],
1599.3. MS (70 eV)n/z(%): 552 [M'] (20), 412 [M" — 5CQO] (20),
228 [ligand] (20), 165 (100). HRMS for @H1,0sW (552.2): m/e
549.99955 (calcd. 550.00147).
Pentacarbonyl(4-phenyl-9,10-dihydro-H-benzo[dlchromen-2-
ylidene)chromium (5a). To pentacarbonyl(1-ethoxy-3-phenyl-2-pro-

3
2
Ph.a

5
GE\ X0
7 NF 10

8 9

M(CO)s

pyn-1-ylidene)chromium1@) (385 mg, 1.10 mmol) in 4 mL of dry
dichloromethane in a 5-mL screwtop vessel is added 2-tetralége (
(146 mg, 1.00 mmol) and triethylamine (50 mg, 0.50 mmol). According
to TLC (pentane/dichloromethane 6:1) after 30 min at°2) the
reaction is approximately 50% completed. Solvent is removed after 4
h at 20°C by passing a stream of argon through the solution. The
residue is dissolved in 2 mL of toluene and separated by chromatog-
raphy (column 15x 2 cm) on silica gel. Elution with pentane/

p dichloromethane (4:1) affords a violet fraction % (422 mg, 88 %,

R = 0.5 diethyl ether/pentane 1:6, red-brown crystals from dichlo-
romethane/pentane 1:10, mp 142). 'H NMR (CsD¢): 0 8.31 (1 H,
s, 3-H), 7.07 (5 H, m, 4-Ph), 7.03 (1 H, t, 6-H), 7.00 (1 H, d, 5-H),
6.82 (L H, t, 7-H), 6.72 (1 H, d, 8-H), 2.55 (2 H, t, $}2.44 (2 H,
t, 10-H). 3C NMR (GsDg): 6 276.5 (C=C), 224.1 and 218.6 [1:4,
trans andcis-CO, Cr(CQO}], 179.7 (Cq, C10a), 142.1 (Cq, C4), 141.4
(CH, C3); 136.9, 135.5, and 130.1 (Cq eaielt, Ph, C4b, C8a); 130.4,
128.8, 128.5, and 126.5 (CH each,-688); 129.5, 129.0, and 128.5
(2:2:1, CH each, Ph), 120.3 (Cq, C4a), 28.3 and 27.1,(€&th, C9
and C10). IR (hexane), cth (%): 2052.8 (30), 1977.9 (5), 1941.0
(100). MS (70 eV)mle(%): 450 (20) [M], 422 (10), 394 (10), 366
(20), 338 (20), 310 (100) [M — 5CO]. Anal. Calcd for G4H14CrOs
(450.4): C, 64.01; H, 3.13. Found: C, 64.22; H, 3.40.
Pentacarbonyl(7-methoxy4-phenyl-9,10-dihydro-2H-benzo[d]-
chromen-2-ylidene)chromium (5b). Pentacarbonyl(1-ethoxy-3-phen-
yl-2-propyn-1-ylidene)chromiuml@) (385 mg, 1.10 mmol) is reacted
as described above with 6-methoxy-2-tetralodb) ((176 mg, 1.00
mmol) for 12-20 h at 20°C to give 5b (365 mg, 76 %R = 0.5
pentane/dichloromethane 4:1, violet crystals from dichloromethane/
pentane 1:10).!H NMR (C¢Dg): ¢ 8.08 (1 H, s, 3-H), 7.05 (5 H, m,
4-Ph), 6.42 (1 H, d¥J = 2.5 Hz, 8-H), 6.38 (1 H, d®J = 9 Hz, 5-H),
6.08 (1 H, dd}J=2.5Hz,3 =9, 6-H), 3.10 (3 H, s, OC}), 2.32 (2
H, t, 9-H,), 2.13 (2 H, t, 10-H). 3C NMR (C¢Dg): 6 273.6 (CF=C),
224.3, and 218.7 [1:4rans andcis-CO, Cr(COj], 179.2 (Cq, C10a),
159.8 (Cq, C7), 142.3 (Cq, C4), 141.3 (CH, C3); 137.4 and 137.2 (Cq
each,j-C Ph and C8a), 121.1 and 120.7 (Cq each, C4a and C4b); 130.0
(CH, C5); 129.9, 129.2, and 128.6 (2:2:1, CH each, Ph); 114.1 and
111.4 (CH each, C6 and C8), 54.8 (OgH28.4 and 27.5 (Ckeach,
C9 and C10). IR (hexane), crh(%): 2052.8 (30), 1975.5 (5), 1935.8
(100). MS (70 eV)m/e(%): 481 (30) [M" + 1], 480 (30) [Mf], 452
(10), 424 (15), 396 (20), 368 (20), 340 (40), 288 (40) [ligbnd2
(100). Anal. Calcd for @HisCrO; (480.4): C, 62.51; H, 3.36.
Found: C, 62.31; H, 3.30.
Pentacarbonyl(4-phenyl-9,10-dihydro-#-benzofd]chromen-2-
ylidene)tungsten (5c). Pentacarbonyl(1-ethoxy-3-phenyl-2-propyn-1-
ylidene)tungsten1p) (530 mg, 1.10 mmol) is reacted as described
above with 2-tetraloned@) (146 mg, 1.00 mmol) for 1220 h at 20
°C to give5c (372 mg, 64 %R: = 0.5 pentane/dichloromethane 4:1,
red lustrous plates from dichloromethane/pentane (1:4)1&°C, mp
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137-138°C). H NMR (CsDg): 0 8.04 (1 H, s, 3-H), 7.05 (1 H, m,
4-Ph), 6.94 (4 H, m, 4-Ph), 6.81 (1 H, t, 6-H), 6.76 (1 H, t, 5-H), 6.55
(1 H,t, 7-H), 6.47 (1 H, d, 8-H), 2.22 (4 H, m, 9;knd 10-H). 13C
NMR (CeDg): 6 250.6 (W=C), 204.3 and 199.4 [1:4rans andcis-
CO, W(CQ}], 178.8 (Cqg, C10a), 145.3 (Cq, C4), 143.6 (CH, C3);
136.9, 135.5, and 129.0 (Cq eadH; Ph, C4b, C8a); 130.2, 127.7,
127.3, and 126.3 (CH each, €&8); 129.2, 128.4, and 128.1 (2:2:1,
CH each, Ph); 121.1 (Cq, C4a), 28.4 and 27.0{€&th, C9 and C10).
IR (hexane), cm! (%): 2060.3 (25), 1972.2 (5), 1940.4 (100). MS
(70 eV), m/e (%): 582 (25) [M], 581 (15) [M" — 1], 554 (5), 526
(25), 498 (30), 470 (20), 442 (25) [M— 5CO], 270 (90), 268 (100);
HRMS (Ref= 592.96332) for GuH140sW: m/e 582.03216 (calcd.
582.02999).
Pentacarbonyl(7-methoxy-4-phenyl-9,10-dihydro-B-benzo[d]-
chromen-2-ylidene)tungsten (5d).Pentacarbonyl(1-ethoxy-3-phenyl-
2-propyn-1-ylidene)tungsterilf) (530 mg, 1.10 mmol) is reacted as
described above with 6-methoxy-2-tetralod®)((176 mg, 1.00 mmol)
for 12—20 h at 20°C to give 5d (496 mg, 81%,R = 0.5 pentane/
dichloromethane 4:1, red/violet lustrous plates and cubes from dichlo-
romethane/pentane (1:4) at78 °C, mp 141142 °C). 'H NMR
(CsDg): 08.05(1H,s, 3-H), 7.04 (1 H, m, 4-Ph), 6.96 (4 H, m, 4-Ph),
6.41 (1 H, d*J = 3.8 Hz, 8-H), 6.39 (1 H, d3J = 8.8 Hz, 5-H), 6.07
(1 H, dd,*J = 2.9 Hz,3] = 8.8 Hz, 6-H), 3.16 (3 H, s, OMe), 2.23 (2
H, 1, 9-Hp), 2.11 (2 H, t, 10-H). 3C NMR (CsD): 6 248.9 (W=C),
204.3 and 199.5 [1:4rans andcis-CO, W(CO}], 178.1 (Cq, C10a),
159.9 (Cq, C7), 145.1 (Cq, C4), 143.5 (CH, C3); 137.4 and 137.2 (Cq
each,i-C Ph and C8a), 130.0 (CH, C5); 129.8, 129.2, and 128.4 (2:

2:1, CH each, Ph), 121.4 and 121.2 (Cq each, C4a and C4b); 114.1

and 111.4 (CH each, C6 and C8), 54.8 (Of28.5, and 27.4 (CH
each, C9 and C10). IR (hexane), th{%): 2059.9 (25), 1975.0 (5),
1936.5 (100). MS (70 eV)m/e (%): 613 (60) [MF + 1], 612 (60)
[M+], 556 (50), 528 (75), 500 (50), 472 (100) M- 5CO]; HRMS
(Ref=604.96332) for GsH160-W: m/e612.04017 (calcd. 612.04102).
Anal. Calcd for GsH160;W (612.3): C, 49.04; H, 2.63. Found: C,
48.83; H, 2.64.
4-Acetyl-5-methyl-3-phenyl-1-pyrrolidinobicyclo[4.3.0]nona-2,4-
diene (7a).To pentacarbonyl(5-acetyl-6-methyl-4-phenyd-pyran-2-

ylidene)tungsten3pb) (268 mg, 0.50 mmol) in 1 mL of §De, with
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4-Carbomethoxy-5-methyl-3-phenyl-1-pyrrolidinobicyclo[4.3.0]-
nona-2,4-diene (7b). Pentacarbonyl(5-carbomethoxy-6-methyl-4-phen-
yl-2H-pyran-2-ylidene)tungstéh(3c) (274 mg, 0.50 mmol) in 1 mL
of CgDs is reacted as described above with 1-pyrrolidinocyclopentene
(6) (68.5 mg, 0.50 mmol). The reaction is complete within 5 min at
20 °C and affords7b (143 mg, 85 %R = 0.5 in acetone/water 10:1,
detected on silica gel after exposure to iodine vapor, colorless crystals.
H NMR (CeDg): 6 7.40 and 7.187.05 (2:3 H, Ph), 5.47 (1 H, s,
2-H), 3.14 (3 H, s, OMe), 2.68 and 2.58 (2 H each, m each, NCH
each, pyrrolidine), 2.28 (1 H, ddJ = 8.1 and 8.8 Hz, 6-H); 2.16
2.06 (2 H, m, 7-H), 2.02 (3 H, s, 5-Ch), 1.79 and 1.561.36 (1:3, m
each, 9-H and 8-H), 1.60 (4 H, m, NCH-CH,-CH_, pyrrolidine).13C
NMR (CeDe): 6 169.3 (CQMe); 145.4, 142.4, 138.7, and 125.1 (Cq
each, C3, C4, C5, andC Ph); 128.4, 127.1, 127.0, and 125.4 (2:1:2:
1, CH each, C-2 and Ph), 63.9 (Cq, C1), 51.0 (CH, C6), 50.7 (§CH
46.9 and 24.0 (2 CHeach, pyrrolidine); 41.7, 34.1, and 23.6 (CH
each, C7C9), 20.3 (5-CH). IR (diffuse reflection), cm: 1719.6
[v(C=0)]. MS (70 eV),m/e(%): 337 (20) [M'], 322 (10) [M" —
CHg], 294 (10) [M* — CO:Me], 278 (10), 266 (15), 235 (20), 149
(30), 86 (85), 84 (100); HRMS (Ref 339.97927) for GH,7/NO;:
m/e 337.20332 (calcd.337.20418).

4-Phenyl-2-pyrrolidino-1,2,9,10-tetrahydro-1,2-cyclopentano-
phenanthrene (8a).Pentacarbonyl(4-phenyl-9,10-dihydrétbenzo-

[d]chromen-2-ylidene)chromiunbg) (225 mg, 0.50 mmol) in 1 mL

of CsDs and hexamethylbenzene as an internal standard is reacted with
1-pyrrolidinocyclopentenes] (68.5 mg, 0.50 mmol) as described above
for 5 h at 20°C. According to'H NMR spectra, compoun8a is
formed as the only detectable product. Chromatography gives colorless
8a (330 mg, 90 %R = 0.5 in acetone/water 10:1, detected on silica
gel after exposure to iodine vapors, colorless crystals from dichlo-
romethane/pentane 1:20 atl5 °C, mp 153 °C). Reaction of
pentacarbonyl(4-phenyl-9,10-dihydrétbenzofflchromen-2-ylidene)-
tungsten %c) with 6 for 6 h at 20°C affords8a in 99%. 'H NMR
(CeDe): 6 7.38 and 7.05 (2:3 H, Ph); 7.02, 6.88, 6.78, and 6.72 (1 H
each, d, t, d, t, 5-H8-H), 5.65 (1 H, s, 3-H); 2.80, 2.55, 2.15, and
2.10 (1 H each, m each, 9;tand 10-H), 2.59 and 1.56 (4 H each, m

hexamethylbenzene as an internal standard, is added 1-pyrrolidinocy-each, pyrrolidine), 2.35 (1 H, dd) = 8.5 and 8.5 Hz, 1-H); 2.18 and

clopentene) (68.5 mg, 0.50 mmol). The initially dark-red solution
gradually becomes orange. According to TLC, the starting material is
consumed completely after 30 min at 20. The'H NMR spectrum

of the solution indicates that compourfe has been formed as the
only detectable product. Chromatography on silica gel with dichlo-
romethane affords colorless Cr(GCand small amounts of colored
products, which are discarded. Elution with acetone/water 10:1 gives
colorless7a (295 mg, 92 %R = 0.5 in acetone/water 10:1, detected
on silica gel after exposure to iodine vapors, colorless crystals from
diethyl ether/pentane at15 °C). Similar results are obtained on
reaction of pentacarbonyl(5-acetyl-6-methyl-4-phenH2yran-2-
ylidene)chromium&a) (210 mg, 0.50 mmol) with 1-pyrrolidinocyclo-
pentene §) (68.5 mg, 0.50 mmol).*H NMR (C¢Dg): ¢ 7.29, 7.05,
and 7.02 (2:1:2 H, Ph), 5.40 (1 H, s, 2-H), 2.60 and 1.59 (4:4 H, m
each, pyrrolidine), 2.27 (1 H, ddJ = 8.3 and 8.3 Hz, 6-H); 2.12 and
2.03 (1:1 H, m each, 74, 1.89 (3 H, s, COCH); 1.75, 1.45, and
1.35 (1:1:2, m each, 94+and 8-H), 1.68 (5-CH). 3C NMR (GsDg):

0 203.3 COMe); 142.0, 141.8, 138.2, and 133.6 (Cq each, C3, C4,
C5, andi-C Ph); 129.1, 127.9, 127.8, and 126.7 (2:1:2:1, CH each,
C-2 and Ph), 63.8 (CH, C6), 51.1 (Cq, C1), 47.2, and 24.4 (2 CH
each, pyrrolidine); 42.1, 34.7, and 23.8 (Ckhch, C7— C9), 31.4
(COCHj3), 20.2 (5-CH). IR (diffuse reflection), cm': 1690.7 p-
(C=0)]. MS (70 eV),m/e(%): 321 (5) [M"], 306 (5), 278 (50) [M

— COMe], 250 (20), 235 (100) [M — HNC4Hg], 217 (20). Anal.
Calcd for G,H,/NO (321.5): C, 82.20; H, 8.47; N, 4.36. Found: C,
82.42; H, 8.64; N, 4.53.

2.03 (1 H each, m each;-bl,), 1.88, 1.64, and 1.48 (1:1:2 H, m each,
4'-H, and 3-H,). 13C NMR (CsDe): O 144.8, 142.8, 140.7, 136.6,
134.1, and 125.7 (Cq each, C4, C4a, C4b, 8a, 10aj-&ngh); 129.2,
128.7, and 128.3 (2:2:1, CH each, Ph); 127.6, 127.4, 127.2, 126.2, and
125.9 (1:1:1:1:1, CH each, &8 and C3), 63.4 (Cq, C2), 50.4 (CH,
C1), 47.3 and 23.9 (2 CHeach, pyrrolidine); 50.0, 42.0, 34.4, 29.6,
and 29.4 (CHeach, C9, C10, C3C5). MS (70 eV),m/e(%): 367
(45) [M"], 296 (100) [Mf — HNC,Hg], 267 (80), 252 (80). Anal. Calcd
for CoH2N (367.5): C, 88.24; H, 7.95; N, 3.81. Found: C, 88.36;
H, 8.19; N, 3.86.
4-Phenyl-2-pyrrolidino-7-methoxy-1,2,9,10-tetrahydro-1,2-cyclo-
pentanophenanthrene (8b). Pentacarbonyl(7-methoxy-4-phenyl-9,
10-dihydro-H-benzofljchromen-2-ylidene)chromiumbb) (240 mg,
0.50 mmol) in 1 mL of GDs, with hexamethylbenzene as an internal
standard, is reacted with 1-pyrrolidinocyclopented)e(68.5 mg, 0.50
mmol) as described above for 20 h at 2D. According to the'H
NMR spectrum, compoun@b has been formed as the only detectable
product. Chromatography gives colorlé$s(369 mg, 93 %R: = 0.5
in acetone/water 10:1, detected on silica gel after exposure to iodine
vapors, colorless crystals from dichloromethane/pentane 1:2at
°C, mp 147-148°C). Reaction of pentacarbonyl (7-methoxy-4-phenyl-
9,10-dihydro-H-benzofllchromen-2-ylidene)tungstebd) with 6 for
12 h at 20°C affords8b as the only detectable organic produét
NMR (CeDg): 6 7.32 and 7.07 (2:3 H, Ph); 6.78, 6.68, and 6.29 (1 H
each, d, d, dd{J = 1.5 Hz,3) = 8.5,3] = 8.5, and"J = 1.5; 5-H, 6-H,
and 8-H), 5.66 (1 H, s, 3-H), 3.24 (3 H, s, OMe); 2.78, 2.50, 2.20, and
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2.12 (1 H each, m each, 9-tand 10-H), 2.61 and 1.56 (4 H each, m
each, pyrrolidine), 2.36 (1 H, ddJ = 8.5 and 8.5 Hz, 1-H); 2.18 and O
2.05 (1 H each, m each;-Bl,); 1.90, 1.65, and 1.54 (1:1:2 H, m each, phoa2 N 1
4'-H, and 3-H,). ¥%C NMR (CsDe): 6 157.9 (Cq, C-7); 143.1, 142.2, 2
140.1, 138.4, 127.1, and 125.3 (Cq each, C4, C4a, C4b, 8a, 10a, and 9 X 3
i-C Ph); 128.8, 128.7, and 128.4 (1:2:2, CH each, Ph); 128.5, 127.2, (

114.4, and 110.8 (1:1:1:1, CH each; C5, C6, C8, and C3), 63.3 (Cq,
C2), 54.6 (CH, C1), 47.3 and 23.9 (2 gldach, pyrrolidine); 50.0,

40.1, 34'%' 30'0' and 29.3 (Gkeach, C9, C10, C3CS). MS (70 formed as the only detectable product. Chromatography gives colorless
eV), m/e(%): 397 (45) [M'], 354 (30), 326 (100) [M — HNC,Hg]. 11 (343 mg, 90%R: = 0.5 in acetone/water 10:1, detected on silica

Anal. Calcd for GgHauNO (397.6): C, 84.59; H, 7.86; N, 3.52.  go| after exposure to iodine vapor, colorless crystals from dichlo-

Found: C, 84.66; H, 7.84/N, 3.42. romethane/pentane 1:5 atl5 °C). Heating of11in C¢Dg at 70°C
_4-Acetyl-5-methyl-3-phenyl-1-pyrrolidinobicyclo[4.4.0]deca-2,4- for ca. 3 days failed to form2 by elimination of pyrrolidine; however,
diene (10a).Pentacarbonyl(5-acetyl-6-methyl-4-phenyi-pyran-2- this readily occurred upon chromatographic isolation 1df and

subsequent standing at 2Q for ca. 1 day in @Ds.
11. *H NMR (C¢Dg): 6 7.25 and 7.06 (2:3 H, Ph); 7.02, 6.86, and
6.73 (1:1:2 H, d, m, m, 7-H10-H), 5.72 (1 H, s, 12-H); 2.72, 2.59,

ph. 21 2.25, and 1.98 (1 H each, m each, 54td 6-H), 2.60 and 1.44 (4 H
° each, m each, pyrrolidine), 2.15 (1 H, dd,= 12.5 and 4.0 Hz, 4a-

\’ 2 A 8 H); 2.18 and 1.85 (1 H each, m each, 4H..64 (2 H, m each, 3-}),
o ! 1.22-1.00 (4H, m, 2-Hand 1-H). 3C NMR (C¢De): 6 145.7, 142.5,

140.2, 136.6, 134.1, and 127.1 (Cq each, C5a, C6a, C10a, 10b, 11,
andi-C Ph); 130.3 (CH, C12); 128.9, 128.1, and 127.6 (2:2:1, CH each,
Ph); 127.3, 127.2, 126.2, and 125.9 (1:1:1:1, CH each;CID), 56.4

(Cq, C12a), 46.4 and 24.0 (2 Gldach, pyrrolidine), 46.0 (CH, C4a);
47.4, 35.0, 28.3, 25.0, and 23.2 (gehch, C5, C6, CEC4). MS (70

eV), m/e(%): 367 (45) [M'], 296 (100) [M" — HNC,Hg], 267 (80),

252 (80). Anal. Calcd for GHxN (381.6): C, 88.14; H, 8.19; N,
3.67. Found: C, 88.32; H, 8.35; N 3.75.

12. 'H NMR (CgDg): 6 7.33,6.93 and 6.77 (2:1:1H, m, q, g, 7~H
10-H), 7.12 (5 H, Ph), 7.02 (1 H, s, 12-H), 2.67 (4 H, m, 5&hd
6-Hy), 2.59 and 2.46 (1:3 H, m each, Irldnd 4-H), 1.62 (4 H, m,

2-H; and 3-H). 3C NMR (GiD¢): 0 144.4,139.0, 135.2, 128.6, 128.4,
128.1, 127.9, and 127.8 (Cq each, C4a, C5a, C6a, C10a, C10b, C11,
C12a, and-C Ph); 131.2 (CH, C12); 130.1, 128.7, and 128.3 (2:2:1,
CH each, Ph); 129.9, 127.3, 126.6, and 125.7 (1:1:1:1, CH each, C7
C10); 30.4, 29.9, 27.1, 25.8, 23.9, and 23.1 §@dch, C5, C6, Ct
C4). MS (70 eV)m/e(%): 312 (40) [M" + 2], 310 (75) [M"], 296
(15), 282 (25), 270 (60), 253 (65), 241 (80), 239 (45), 119 (100); HRMS
(Ref = 304.98246) for GH,2: m/e310.17142 (calcd.310.17215).
5-Phenyl-8,9,10,11,12,13-hexahydroHtcycloheptaa]phenan-
threne (15). Pentacarbonyl(4-phenyl-9,10-dihydrb-benzofllchromen-
2-ylidene)chromium%a) (225 mg, 0.50 mmol) in 1 mL of §De, with
hexamethylbenzene as an internal standard, is reacted with 1-morpholi-
nocycloheptenel) (93.5 mg, 0.50 mmol) as described above for 18
h at 90°C. Chromatography gives colorle$s (57 mg, 35 %R =
0.5 in pentane, detected on silica gel after exposure to iodine vapors,
colorless crystals from pentane afl5 °C, mp 145°C). 'H NMR
(CsDg): 0 7.30, 7.18, 6.85, and 6.70 (2:6:1:1 H, m each); 2.80, 1.81,
and 1.53 (8:2:4 H, m each)}:3C NMR (CsDs): 6 144.3, 143.0, 139.8,
139.0, 138.0, 137.9, 135.4, and 131.9 (Cq each); 131.0 and 130.7 (2
C), 130.2 and 128.7 (2 C), 127.2, 126.6, 126.4, and 125.8 (CH each);
36.6, 32.6, 30.3, 29.8, 28.7, 27.6, and 27.1 {@Hch). MS (70 eV),
mle(%): 324 (100) [M], 281 (10), 267 (30), 254 (20). Anal. Calcd
for CaqHz4 (324.5): C, 92.54; H, 7.46. Found: C, 92.43; H, 7.81.
3-Phenyl-4a-pyrrolidino-4a,9,10,10a-tetrahydro-1,2-(3-oxocyclo-
penteno)phenanthrene (18) and 3-Phenyl-9,10-dihydro-1,2-(3-oxo-
cyclopenteno)phenanthrene (19)To pentacarbonyl(9-oxo-4-phenyl-

ylidene)tungsten3p) (268 mg, 0.50 mmol) in 1 mL of §Ds and
hexamethylbenzene as an internal standard is reacted with 1-pyrroli-
dinocyclohexeneq) (75.5 mg, 0.50 mmol) fol h at 20°C as described
above to give colorles$0a (291 mg, 87 %R = 0.5 in acetone/water
10:1, detected on silica gel after exposure to iodine vapors, colorless
crystals). *H NMR (CsD¢): 6 7.28, 7.05, and 7.03 (2:1:2 H, Ph), 5.42
(1 H, s, 2-H), 2.59 and 1.55 (4 H each, m each, pyrrolidine), 1.99 (1
H, dd,3] = 6.5 and 6.5 Hz, 6-H); 1.90 and 1.86 (1 H each, m each,
7-Hy), 1.94 (3 H, s, COCBh); 1.55-1.35 and 1.26:0.90 (4:2, m each,
8-H,, 9-Hs, and 10-H), 1.67 (5-CH). 3C NMR (Ce¢De): o 202.9
(COMe); 144.7, 141.7, 138.7, and 134.4 (Cq each, C3, C4, C5, and
i-C Ph); 128.8, 127.6, 127.2, and 127.1 (2:1:2:1, CH each, C-2 and
Ph), 56.1 (Cq, C1), 48.5 (CH, C6), 46.0 and 24.5 (2,G#ch,
pyrrolidine); 41.8, 33.8, 28.8, and 25.8 (gldach, C#C10), 31.2
(COCHg3), 19.4 (5-CH). IR (diffuse reflection), cm': 1689.2 p-
(C=0)]. MS (70 eV),m/e(%): 336 (5) [M"], 320 (5), 293 (40) [M
— COMe], 265 (100) [M" — HNC4Hg]. Anal. Calcd for GsH2eNO
(335.5): C, 82.34; H, 8.71; N, 4.18. Found: C, 82.43; H, 8.87; N,
4.32.

4-Carboethoxy-5-methyl-3-phenyl-1-pyrrolidinobicyclo[4.4.0]-
deca-2,4-diene (10b).Pentacarbonyl(5-carbethoxy-6-methyl-4-phenyl-
2H-pyran-2-ylidene)tungster8€)?* (276 mg, 0.50 mmol) in 1 mL of
CsDe, with hexamethylbenzene as an internal standard, is reacted with
1-pyrrolidinocyclohexened) (75.5 mg, 0.50 mmol) as described above
to give colorlesslOb (333 mg, 95 %R = 0.5 in acetone/water 10:1,
detected on silica gel after exposure to iodine vapor, colorless crystals).
H NMR (CeDg): ¢ 7.38 and 7.187.05 (2:3 H, Ph), 545 (1 H, s,
2-H), 3.12 (3 H, s, OCH), 2.72 and 2.62 (2 H each, m each, NCH
each, pyrrolidine), 2.08 (3 H, s, 5-GH 1.99 (1 H, dd2J = 3.8 and
4.3 Hz, 6-H); 1.86 and 1.76 (1 H each, m each, zJ;H.58 (4 H, m,
NCH,-CH,-CH,, pyrrolidine); 1.50, 1.40, and 1.361.12 (2:1:3 H, m
each, 8-H, 9-H,, and 10-H). *C NMR (CsDg¢): 6 169.0 (CQMe);
148.4, 142.3, 139.5, and 125.7 (Cq each, C3, C4, C5,idandh);
128.4, 127.1, 126.8, and 126.5 (2:1:2:1, CH each, C-2 and Ph), 56.6
(Cq, C1), 50.7 (OCH), 48.0 (CH, C6), 46.2 and 24.0 (2 Gleach,
pyrrolidine); 34.9, 28.9, 24.5, and 23.2 (gkach, C#+C10), 19.4 (5-
CHy). IR (diffuse reflection), cm®: 1717.4 p(C=0)]. MS (70 eV),
m/e (%): 352 (10) [M" + 1], 351 (35) [M], 336 (15) [M" — CHj],
308 (15), 294 (25), 292 (25) [M— CO:Me], 280 (50), 249 (70), 86
(72), 86 (100); HRMS (Ref= 342.97927) for GH,oNO.: m/e
351.21899 (calcd. 351.21983).

11-Phenyl-12a-pyrrolidino-1,2,3,4,4a,12a,5,6-octahydrochrys-
ene (11) and 11-Phenyl-1,2,3,4,5,6-hexahydrochrysene (1Rgn-
tacarbonyl(4-phenyl-9,10-dihydrd-2benzofllchromen-2-ylidene)chro- . .
mium (5&31/) ((255 mé, 0.50 mrzol) in 1 mL{j(]Jf De, with k):examgthyl- 5.6-cyclopenteno -pyran-2-ylidene)chromiumi{g) (201 mg, 0.50
benzene as an internal standard, is reacted with 1-pyrrolidinocyclo- mmol) |n_1 mL of QD& with he_xamethylbenzene as an internal
hexene @) (75.5 mg, 0.50 mmol) as described above for 25 h at 20 standard, is reacted with 1-pyrrolidino-3,4-dihydronaphthal&6ge((00

°C. According to the'H NMR spectrum, compoundl has been ~ MY 0.50 mmol) as described above. According to tHeNMR
spectrum compound8 has been formed as the only detectable product.

(21) Roths, K. Dissertation, Mster, 1996. Chromatography on silica gel affords colorlekg
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18. H NMR (600 MHz, GDg): 6 8.09 (1 H, d3J = 8.0 Hz, 5-H),
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each, 2 Ph); 131.3, 130.9, 129.7, 129.3, 129.1, 129.0, 128.9, and 128.5

7.43, 7.24, and 7.20 (2:2:1 H, Ph), 7.12 and 7.10 (1 H each, t each, (1:1:1:2:2:2:2:1, CH each, 2 Ph and'C24), 126.1 (Cq, C5), 31.8

6-H and 7-H), 7.06 (1 H, B = 7.7 Hz, 8-H), 5.42 (1 H, s, 4-H), 3.61
(1 H, m, 10a-H), 3.15 and 2.57 (2 H each, 2 NGtyrrolidine); 2.92,
2.79, 2.62, and 2.58 (1 H each, m each, fardd 10-H), 1.96 (2 H,
m, 4-H), 1.63 and 1.60 (2 H each, 2 N-GI€H,, pyrrolidine), 1.32
(2 H, m, 8-Hy). *C NMR (GsDg): ¢ 208.5 (Cqg, G=0), 167.4 (Cq,

C1), 140.5, 138.8, 137.5, 134.4, and 133.9 (Cq each, C2, C3, C4b, 8a,

(6-CHs), 20.8 (B-CHj3), 19.5 (OCCHa). IR (diffuse reflection), cm:
2059.5, 1975.3, 1912.3/(C=0)], 1697.4 p(C=0)]. MS (70 eV),
8N, m/e(%): 702 (20) [M], 674 (10), 618 (50), 590 (30), 562 (80)
[M* — 5CQ], 352 (100) [W(CQJ. Anal. Calcd for GH,O:W
(702.4): C, 54.72; H, 3.16. Found: C, 54.51; H, 3.06.

4-(6'-Acetyl-5'-methylbiphenyl-3'-yl)-5-methyl-3-phenyl-1-pyr-

andi-C Ph); 128.4, 128.3, and 127.9 (2:2:1, CH each, Ph); 127.6, 127.4, rolidinobicyclo[4.3.0Jnona-2,4-diene (21)To pentacarbonyl[5-(6

126.7, and 125.6 (1:1:1:1, CH each,-958), 100.8 (CH, C4), 74.3
(CH, C10a), 70.0 (Cq, broad, C4a), 47.2 (2 Nf3H41.8 and 26.9 (CH
each, C9 and C10), 29.9 (GHC4), 24.7 (NCH-CH»-CHy), 23.4 (CH,
C5). MS (70 eV),m/e(%): 381 (15) [M'], 310 (100) [M" — C4Hg-
NH], 309 (80), 281 (40), 265 (60), 252 (60). Anal. Calcd forid~
NO (381.5): C, 85.00; H, 7.13; N, 3.67. Found: C, 85.10; H, 7.24;
N, 3.82.

19. H NMR (CgsDg): 6 7.84, 7.35 and 7.25 (2:2:1 H, Ph), 7.64 (1
H, s, 4-H), 7.50 and 7.10 (1:3 H, m each, H8-8), 2.60 and 2.40 (2
H each, m each,'d; and 3-H,), 2.23 (4 H, s, 9-Hand 10-H). 3C
NMR (C¢Dg): 6 203.6 (Cq, G=0), 154.1 (Cq, C1), 140.2, 139.2, 139.1,

acetyl-3-methylbiphenyl-3yl)-6-methyl-4-phenyl-Bi-pyran-2-ylidene]-
tungsten 20b) (336 mg, 1.00 mmol) in 1 mL of £De with
hexamethylbenzene as an internal standard, is reacted with 1-pyrroli-

137.9, 134.0, 133.2, and 132.7 (Cq each, C2, C3, C4a, C4b, 8a, 10agdinocyclopentene 6) (68.5 mg, 0.50 mmol) as described above.
andi-C Ph); 130.4, 129.1, and 128.4 (2:1:2, CH each, Ph); 128.8, 128.2, according to the!H NMR spectrum, compoundl has been formed

127.9, 126.1, and 125.9 (1:1:1:1:1, CH each;-G58 and C4), 36.9,
28.6, 23.8, and 23.6 (GHeach, C9, C10, C4nd C5). MS (70 eV),
m/e(%): 311 (60) [M" = 1], 310 (100) [M], 309 (80) [M" — 1], 281
(40), 265 (60), 252 (60). Anal. Calcd for4:40 (310.4): C, 89.00;
H, 5.85. Found: C, 89.35; H, 5.96.
Pentacarbonyl[5-(6-acetyl-5-methylbiphenyl-3'-yl)-6-methyl-4-
phenyl-2H-pyran-2-ylidene]chromium (20a). To pentacarbonyl(5-

acetyl-6-methyl-4-phenyl3-pyran-2-ylidene)chromiunBg) (404 mg,
1.00 mmol) in acetone (3 mL) in a 5-mL screwtop vessel is added
triethylamine (50 mg, 0.50 mmol). A TLC after 15 h at 2D indicates
complete consumption of starting material, while Cr¢Cénhd a cherry-
red compoun@0aare produced. Chromatography on silica gel affords
20a(242 mg, 85 %R = 0.5 dichloromethane/pentane 1:1, red crystals
from diethyl ether/pentane)*H NMR (CDCls): 6 8.06 (1 H, s, 3-H),
7.30 (6 H, m,0- andm-H each, 2 Ph), 7.10 and 7.03 (2 H each, m
each,0-H each, 2 Ph), 6.89 and 6.74 (1 H each,'sfiand 4-H), 2.61

(3 H,s, 6-CH), 2.21 (3 H, s, 6CHs), 1.82 (3 H, s, OCCH. °C
NMR (CDCl): 6 279.5 (C=C), 224.0 and 217.8&1fans andcis-CO,
Cr(COy)], 206.8 (Cq, @CHjs), 175.7 (Cq, C6), 143.8 (Cq, C4), 141.1
(Cq, CI), 139.3 (CH, C3); 139.2, 139.1, and 133.8 (Cq each, C3
C5, and C6); 135.5 and 134.6 (Cq eadh(C each, 2 Ph); 130.9, 129.6,

as the only detectable product. Chromatography gives coloBgss
(438 mg, 90 %R = 0.5 in acetone/water 10:1, detected on silica gel
after exposure to iodine vapors, colorless crystals from dichloromethane/
pentane 1:20 at15°C). *H NMR (C¢Dg): 6 7.20-6.90 (12 H, 2 Ph
and 2-H, 4-H), 5.56 (1H, s, 3-H), 2.70 and 1.60 (4 H each, m each,
pyrrolidine), 2.40 (1 H, dd3J = 9 and 9 Hz, 8-H); 2.23 and 1.90 (1:1
H, m each, 7-H); 2.20, 1.80, and 1.65 (3 H each, s each,;@#Hch);
1.80, 1.40, and 1.25 (1:1:2, m each, 8-Bhd 9-H). 3C NMR
(CsDg): 6 203.9 (CqOCCHg); 142.8, 141.8,141.2,141.1, 139.7, 138.6,
138.3, 133.2, and 131.9 (Cq each, C3, C4, C5, CB, C5, C6, and
2i-C Ph); 130.0, 129.2, 129.1, 129.0, 128.6, 126.4, and 125.8 (1:2:2:
1:2: 2:1:1, CH each, 2 Ph and CZ4), 63.4 (Cq, C1), 51.6 (CH, C8),
46.9 and 24.1 (2 CHeach, pyrrolidine); 51.2, 41.9, and 35.3 (€H
each, C#C9); 23.7, 20.9, 19.6 (CHeach). MS (70 eV)mle (%):
487 (45) [M*], 416 (100) [M" — HNC,Hg], 402 (60). Anal. Calcd
for CssH3/NO (487.7): C, 86.20; H, 7.65; N, 2.87. Found: C, 86.43;
H, 7.79; N, 3.02.
Pentacarbonyl[5-acetyl-4-phenyl-6-(2-phenylethenyl}2-ylidene]-
tungsten (22b). Pentacarbonyl(5-acetyl-6-methyl-4-phenyd-pyran-
2-ylidene)tungsten3p) (268 mg, 0.50 mmol), triethylamine (303 mg,
3.00 mmol), chlorotrimethylsilane (163 mg, 1.50 mmol), and benzal-
dehyde (53 mg, 0.50 mmol) in 3 mL of dry diethyl ether in a 5-mL
screwtop vessel, is stime3 d at 55°C to give a dark-blue solution.
Chromatography on silica gel with pentane/dichloromethane (3:1)
affords22b (60 mg, 19 %R = 0.4 in pentane/dichloromethane (3:1),
mp 143°C). H NMR (CgDg): 6 8.20 and 6.90 (1 H each, d each,
AB-system,3J = 16 Hz, CH=CHPh), 7.88 (1 H, s, 3-H), 7.33 and

129.2,129.1, 128.6,128.5, 128.4, and 128.1 (1:1:1:2:2:2:2:1, CH each,7.05-6.95 (2:8 H, m each, 2 Ph), 1.23 (3 H, s, COH3C NMR

2 Ph and C2 C4), 125.3 (Cq, C5), 31.8 (6-C4ji 20.2 (6-CHs), 19.5
(OCCHjy). IR (diffuse reflection), cm% 2052.5, 1977.1, 1917.2/{
(C=0)], 1697.1 p(C=0)]; IR (hexane): 2053.5 (30), 1977.8 (5),
1937.8 (100) §(C=0)]. MS (70 eV),m/e(%): 570 (20) [M], 514
(10), 486 (20), 458 (60), 430 (100) [M— 5CQO]. Anal. Calcd for
C3H2Cr0; (570.5): C, 67.37; H, 3.89. Found: C, 67.51; H, 3.96.
Pentacarbonyl[5-(8-acetyl-5-methylbiphenyl-3'-yl)-6-methyl-4-
phenyl-2H-pyran-2-ylidene]tungsten (20b). To pentacarbonyl(5-
acetyl-6-methyl-4-phenyl42-pyran-2-ylidene)tungster8k) (536 mg,
1.00 mmol) in acetone (3 mL) in a 5-mL screwtop vessel is added
triethylamine (50 mg, 0.50 mmol). A TLC after 15 h at ZD indicates
complete consumption of starting material, while WEénd a cherry-
red compoun®0b are formed. Chromatography on silica gel affords
20b (288 mg, 82 %R: = 0.5 dichloromethane/pentane 1:1, red crystals
from diethyl ether/pentane)*H NMR (CDCl3): 6 8.09 (1 H, s, 3-H),
7.35 (6 H, m,0- andm-H each, 2 Ph), 7.12 and 7.08 (2 H each,
each,o-H each, 2 Ph), 6.97 and 6.81 (1 H each, AX-systéh¥ 1.7
Hz, 2-H and 4-H), 2.61 (3 H, s, 6-Ch), 2.26 (3 H, s, 6CHj3), 1.89
(3 H, s, OCCH). 3C NMR (CDCk): 4 255.4 (W=C), 206.7 (Cq,
OCCHg), 204.4 and 198.7tfans and cissCO, W(CO}], 174.6 (Cq,
C6), 147.0 (Cq, C4), 141.6 (CH, C3), 141.2 (Cq,\c139.2, 139.1,
and 133.8 (Cq each, G5, and C6); 135.6 and 134.6 (Cq eachC

m

(CsDg): 0 256.2 (W=C), 204.1 and 199.31fans andcis-CO, W(CO}],
199.2 (Cq, G=0), 168.1 (Cq, C6), 143.3 (Cq, C4), 142.1 (EBHPh),
141.0 (CH, C3), 135.7 and 135.1 (Cq eatlt; each, 2 Ph); 131.3,
131.2, 129.9, 129.7, 129.1, and 128.4 (1:1:2:2:2:2, CH each, 2 Ph),
127.1 (Cq, C5), 116.5QH=CHPh), 31.3 (CGH). IR (diffuse
reflection), cnm’: 2057.9, 1973.9, 1918.@(C=0)], 1699.0 p(C=0)];

IR (hexane): 2060.0 (30), 1973.1 (5), 1936.4 (10Q)CEO)]. MS

(70 eV), 8, m/e(%): 624 (60) [M], 596 (20), 540 (60), 545 (50)
[M* — 5CO], 268 (100). Anal. Calcd for &H:s0;W (624.3): C,
50.03; H, 2.58. Found: C, 50.22; H, 2.62.
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