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carbon suboxide and PMePh2 do not react (1:1 stoichiometry) 
in the absence of the metal (1H and 31P NMR; IR). Attempts 
to intercept the ketenylidene by using phosphine traps have not 
been successful. Triphenylphosphoranylideneketene ( O = C = 
C=PPh3) is a stable molecule11 and is known to form a moderately 
stable complex in (CO)5WjV-C(CO)PPh3).

12 2, however, is the 
first example of a complex containing an rj2, 4-e donor ligand of 
this type and is closely related to known group 6 complexes 
containing ^-ketenyl ligands, M(CCV-C(O)CR) (vide infra).13 

The infrared spectrum of 2 exhibits two strong carbonyl ab­
sorptions that arise from the newly formed carbon monoxide ligand 
(c(CO) = 1910 cm"1) and the ^-ketenyl ylide (KC=O) = 1673 
cm"1). The 31Pj1H) NMR spectrum of 2 contains two resonances 
of relative intensity 2:1, with the larger having 183W satellites and 
the smaller having none. Two distinct types of phosphorus moieties 
are also observed in the 1H NMR spectrum: the methyl reso­
nances for the PMePh2 units appear as a doublet (<5 1.94, Jm = 
14.2 Hz) and a virtual triplet (<5 2.03, 7PH = 4.0 Hz) in a relative 
ratio of 1:2, characteristic of a phosphonium species (cf., JPH = 
14.5 Hz for [PMe2Ph2

+]) and a pair of rrans-phosphine ligands, 
respectively.9 

Diffraction quality crystals of unsolvated 2 were obtained by 
slow diffusion of ether into a saturated CH2Cl2 solution.14 An 
ORTEP view of the structure of 2 with the atom numbering scheme 
is shown in Figure 1, along with salient intramolecular metrical 
parameters. The most striking feature of the structure is the novel 
7)2-diphenylmethylphosphoranylideneketene ligand. This [t)2-C-
(O)CPMePh2] fragment bears a close structural resemblance (in 
all relevant bond distances and angles) to r;2-ketenyl ligands in 
related tungsten(II) complexes (cf. (Et2NCS2)(diphos)(CO)W-
JCCV-C(O)C-CH2Ph)132 and Cp(CO)(PMe3)W(CCV-C-
(0)C-tol)13d-e). In comparison with P h 3 P = C = C = O , 1 1 the ex­
pected structural variations are observed on coordination of the 
phosphoranylideneketene in an r/2-fashion: (a) the P-C (1.648 
(7) A versus 1.753 (8) A for 2, A = 0.1 A) and the C-C (1.210 
(10) A versus 1.368 (12) A for 2, A = 0.16 A) bonds lengthen 
significantly on coordination and (b) the CCO angle deviates 
noticeably form linearity (175.6 (8)° versus 147.2 (8)° in 2). The 
geometry of 2 is approximately octahedral if the 772-C(0)CPMePh2 

ligand is considered as occupying one site in the coordination 
sphere. The new jj2-C(0)CPMePh2 moiety is essentially planar. 
The largest deviation from the least-squares plane defined by W, 
Cl(I), Cl(2), C(I), C(2), C(3), 0(1), 0(2), and P(3) (i.e., all 
atoms of 2 except for P(I), P(2), and the Me and Ph groups) is 
0.15 A for Cl(2). 

Like (CO)5WV-C(CO)PPh3J,12 at temperatures above 35 0C 
the phosphoranylideneketene moiety of 2 decomposes. As shown 
in Scheme I, the product of thermal decomposition of 2 in chlo-

(11) (a) Daly, J. J.; Wheatly, P. J. J. Chem. Soc. A 1966, 1703. (b) 
Matthews, C. N.; Birum, G. H. Tetrahedron Lett. 1966, 5707. 

(12) (a) Berke, H.; Lindner, E. Angew. Chem., Int. Ed. Engl 1973, 12, 
667. (b) Lindner, E.; Berke, H. Chem. Ber. 1974, 107, 1360. 

(13) (a) Birdwhistell, K. R.; Tonker, T. L.; Templeton, J. L. J. Am. Chem. 
Soc. 1985, 107, AAlA. (b) Kreissl, F. R.; Sieber, W. J.; Wolfgruber, M. Z. 
Naturforsch., B: Anorg. Chem., Org. Chem. 1983, 38B, 1419. (c) Kreissl, 
F. R.; Sieber, W. J.; Alt, H. G. Chem. Ber. 1984, 117, 2527. (d) Kreissl, F. 
R.; Eberl, K.; Uedelhoven, W. Ibid. 1977, 110, 3782. (e) Kreissl, F. R.; 
Friedrich, P.; Huttner, G. Angew. Chem., Int. Ed. Engl. 1977, 16, 102. (O 
Kreissl, F. R.; Frank, A.; Schubert, U.; Lindner, T. L.; Huttner, G. Ibid. 1976, 
15, 632. (g) Fischer, E. O.; Filippou, A. C; Alt, H. G.; Ackermann, K. J. 
Organomet. Chem. 1983, 254, C21. (h) Mayr, A.; McDermott, G. A.; 
Dorries, A. M.; Holder, A. K. J. Am. Chem. Soc. 1986, 108, 310. (i) Mayr, 
A.; Kjelsberg, M. A.; Lee, K. S.; Asaro, M, F.; Hsieh, T.-C. Organometallics 
1987, 6, 2610. 

(14) Crystallographic data for 1: C42H39Cl2O2P3W, monoclinic, P2Jn, 
a = 11.400 (4) A, b = 16.029 (4) A, c = 21.569 (9) A, 0 = 97.13 (3)°, V 
= 3910 (2) A3, Z = A, D(calcd) = 1.463 g-cnT3, fi = 43.1 cm"'. Of 6588 
reflections collected (Nicolet R3m diffractometer, 23 "C, Mo Ka, 20(max) 
= 50°), 6152 were independent (RiM = 1.74%), and 4333 were considered 
observed. An empirical correction for absorption was applied to the data. The 
structure was solved by heavy-atom methods. The six phenyl rings were 
constrained to rigid, planar hexagons (rfC-c = 1.395 A), and hydrogen atoms 
were treated as idealized, updated isotropic contributions. With all non-hy­
drogen atoms anisotropic, R(F) = 4.1%, R(wF) = 5.2%, GOF = 1.190, A/a 
= 0.037, A(p)max = 1.84 e-A"3 (1.02 A from W), and NJN, = 11.4. All 
computations used SHELXTL(S.I) software, Nicolet Corp., Madison, WI. 

roform is the 16-e tungsten derivative WCl 2 (CO)(PMePh 2 ) 3 (3) 
and carbon monoxide (determined by a Toepler measurement).15 

A spectroscopically ( IR) detected dicarbonyl intermediate 
(probably WCl 2 (CO) 2 (PMePh 2 ) 3 ) is apparently involved in the 
transformation of 2 - * 3. We are currently attempting to ascertain 
the fate of the extruded "C atom" in this reaction.16 
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(15) A 0.51-g (0.6 mmol) sample of 2 was dissolved in CHCl3 (25 mL) 
and maintained at 35 0C for 48 h. The volume of solution was reduced to 
5 mL, and Et2O was added to give a pink precipitate. Recrystallization from 
cold CH2Cl2 gave red-purple crystals of 3 (0.21 g, 51% yield). For 3: 1H 
NMR (500 MHz, CDCl3) 5 1.26 (d, 3 H, JPH = 13.2 Hz), 2.20 (t, 6 H, Jm 
= 3.6 Hz), 6.9-7.6 (m, 30 H); 31P(1H) NMR (81 MHz, CDCl3, H3PO4 ref) 
S 10.7 (d with W satellites, 2 P, JPP = 4, JPW = 285 Hz), -2.4 (t with W 
satellites, 1 P, JPP = A, JPW = 194 Hz); 13Ci1H) NMR (100.6-MHz, CD2Cl2) 
5 12.3 (d, Jfc = 61 Hz), 14.7 (t, JPC = 14 Hz), 124-140 (m), 219 (br m); 
IR (Fluorolube mull) xco = 1903 cm"1. Anal. Calcd for C40H39Cl2OP3W: 
C, 54.38; H, 4.45. Found: C, 53.89; H, 4.17. A referee suggested 3 might 
actually be WCl(CO)(CCl)PMePh2J3; owing to its relative insolubility, our 
13C NMR data is not of sufficient quality to rigorously exclude this possibility, 
but the analytical data suggest otherwise. 

(16) (CO)5W(V-C(CO)PPh3I decomposes in the presence of cyclohexene 
to give (CO)5W(PPh3) and 7,7'-spirobinorcarane (i.e., formal addition of "C" 
across the C-C double bonds of two cyclohexene molecules).12 
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From our search for compounds from marine organisms with 
potential pharmacological utility, a violet pigment that exhibits 
antitumor, antiviral, and immunomodulatory properties in vitro1 

and antitumor properties in vivo was discovered. From spectro­
scopic analysis, including long-range 1H-13C correlation and 
natural abundance 13C-13C NMR experiments, the structure 
elucidation of this fused pentacyclic aromatic alkaloid, which we 
have designated dercitin (1), was achieved. This alkaloid rep­
resents a unique variation on fused-ring alkaloids previously found 
in marine organisms.2 

Shipboard extraction (3:1 MeOH-toluene) and screening of 
fresh sponge material, collected by manned submersible at 160 
m near Goulding Cay, Bahamas, showed significant in vitro ac-

(1) Dercitin 1 had in vitro antitumor activity against P388 (IC50 0.05 
ng/ml) and human tumor cells (HCT-8, A-549, T47D, 1.0 Mg/ml) and in vivo 
activity against P388 (T/C 170%, 5 mg/kg). Compound 1 had immuno­
suppressive activity in a murine derived, two-way mixed lymphocyte reaction 
assay (0% MLR, 0.01 jig/mL) and showed activity against Herpes simplex 
type 1 (10, ++ at 5 ^g/well) and A-59 murine coronavirus (0, +++ at 1 
/ig/well) viral models (cytotoxicity: 16 = no viable cells, 8 = partial viability, 
0 = no toxicity; antiviral activity: +++ = complete inhibition, + = partial 
inhibition, + / - = marginal inhibition, - = no protection). 

(2) Schmitz, F. J.; Agrawal, S. K.; Gunasekara, S. P.; Schmidt, P. G.; 
Schoolery, J. N. J. Am. Chem. Soc. 1982, 104, 4835-4836. Faulkner, D. J. 
Nat. Prod. Rep. 1984, 1, 551. Cimino, G.; Crispino, S.; DeRosa, S.; De 
Stefano, S.; Gavaginin, M.; Sodano, G. Tetrahedron 1987, 43, 4023-4030. 
Bloor, S. J.; Schmitz, F. J. J. Am. Chem. Soc. 1987, 109, 6134-6136. 
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tivity against P388 murine leukemia cells. Subsequent bioassay 
guided fractionation of the MeOH extract of the frozen sponge 
lead to the isolation of 1 as the active principle (0.01%) as well 
as l,l-dimethyl-5,6-dihydroxyindolinium chloride,3 which is in­
active in our assays. Optimized extraction of the sponge with a 
mixture OfNH4OH (5%) and CH2Cl2 followed by purification 
with CCCC gave 1 in improved yield (0.69% of wet wt) as a deep 
violet powder (mp 168 0C). 

All attempts to crystallize dercitin 1 and a number of its de­
rivatives were unsuccessful. Because of their hygroscopic natures, 
satisfactory elemental analyses could not be obtained. HREIMS 
gave the formula C21H20N4S (mjz 360.1398, A 1.1 mmu) for 
dercitin 1. Only one major fragment at mjz 302 (100%) was 
observed, indicating a fairly stable structure. Both UV absorption 
pattern and 1H NMR chemical shifts were found to be dependent 
on the pH of the medium, while the latter was shown to be 
concentration dependent as well. The chemical shift values4 

recorded on a 0.45-mol solution in TFA-rf is used throughout the 
discussion as this was the solvent of choice for the 2D INADE­
QUATE experiment. 

Proton decoupling and COSY experiments indicated the 
presence of three proton spin systems: the four protons on C-4 
to C-7 [5 8.51 (1 H, d, J = 8.3 Hz, H-4), 7.74 (1 H, dd, J = 8.3, 
6.6 Hz, H-5), 8.10 (1 H, dd, J = 8.3, 6.6 Hz, H-6), and 7.97 (1 
H, d, J = 8.3 Hz, H-7)] appeared to be on contiguous carbons 
on an aromatic ring, while the olefinic protons H-2 and H-3 [<5 
8.7 (1 H, d, J = 7 Hz, H-2) and 8.17 (1 H, d, J = 1 Hz, H-3)] 
and the methylene protons on C-14 and C-15 [5 4.14 (2 H, t, J 
= 5.7 Hz, H-14) and 3.95 (2 H, t, J = 5.7 Hz, H-15)] formed 
separate vicinal pairs. The remaining protons appeared as singlets 
at 5 3.56 (17-CH3 and 18-CH3), 5.21 (13-CH3), and 9.5 (H-11). 
Due to the large number of quaternary carbons and heteroatoms 
present in the skeleton of this compound, 13C-13C and long-range 
1H-13C NMR coupling information was paramount in the 
structure elucidation of 1. The partial structure la was established 
from the following: the ready loss of a C3H8N fragment in the 
mass spectrum5 together with the presence of 1H NMR signals 
for two vicinal methylene and six methyl protons confirmed the 
presence of an TV.TV-dimethyl ethyl moiety in the molecule. From 
HETCOSY6 and COLOC7 NMR experiments, the methylene 
protons on C-15 showed three-bond coupling to the TV-methyl 
carbons (C-17 and C-18) and C-9, while the protons on C-14 
showed three-bond coupling to C-8a and C-9a. The proton 
resonating at 8 9.5 (H-11), which appeared to be on a carbon 
situated between two heteroatoms from its 13C chemical shift 
(151.68 ppm) and one-bond C-H coupling (7C_H = 218 Hz),8 

showed long-range coupling to C-9a and C-12a. The TV-methyl 
enamine moiety in the partial structure lb was evident from the 
presence of an NOE effect between the 13-CH3 protons and H-2 
and three-bond coupling between the methyl protons and C-2, 
which must be attached to a heteroatom [S 149.26, JCH = 187 
Hz for C-2/H-2). The C-2 proton also showed three-bond cou­
pling to C-13 and C-3a, while the C-4 proton also showed 
three-bond coupling to C-3a. A strong NOE between H-3 and 
H-4 provided additional evidence for the spatial proximity of these 
two protons. 

On treatment of 1 with NaBH4 a reduction product 2 was 
formed, but it underwent reoxidation readily on workup. Dercitin 

(3) Kohmoto, S.; McConnell, O. J.; Wright, A. Experientia 1988, 44, 
85-86. 

(4) 13C (90 MHz, TFA-rf), 5 151.7 (d C-Il), 150.9 (s, C-3a), 149.3 (d, 
C-2), 148.2 (s, C-9a), 141.1 (s, C-7a), 138.2 (d, C-6), 136.6 (s, C-126), 136.1 
(s, C-12a), 135.5 (s, C-8a), 126.5 (d, C-4), 126.5 (d, C-5), 122.0 (s, C-12c), 
119.1 (d, C-7), 116.4 (s, C-36), 109.8 (d, C-3), 107.0 (s, C-9), 56.5 (t, C-15), 
51.4 (q, C-13), 45.2 (2C, q, C-17, 18), 28.5 (t, C-14). 

(5) HREIMS: mjz 360.1398 (7%. C1H20N4S, A 1.1 mmu), 314.0746 (5, 
C15HnN3S, A 0.6), 302.0731 (100, C18H12N3S, A 2.1), 288.0570 (2, C r -
H10N3S, A 1.9). 

(6) Sato, Y.; Geckle, M.; Gould, S. J. Tetrahedron Lett. 1985, 26(34), 
4019. 

(7) Kessler, H.; Bermel, W.; Griesinger, C. J. Am. Chem. Soc. 1985, 107, 
1083-1084. 

(8) Stothers, J. B. C-13 NMR Spectroscopy; Academic Press: Orlando, 
FL, 1972; Chapter 10. 
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(1) was found to be resistant to hydrogenation with Pt catalyst 
but underwent complete hydrogenation with Raney Ni catalyst 
giving complex mixtures. However, a tetrahydro product 3 was 
isolated by NaBH4 reduction followed by further in situ reduction 
in modification of the Brown and Brown procedure9 (Scheme I). 

The 1H spectrum of 3 had an exchangeable downfield one 
proton singlet at & 9.68 that showed three-bond coupling to C-3b, 
C-7, C-9, and C-12c. This allowed for the combination of the 
two partial structures la and lb to give the partial structure Ic 
(Figure 1). This also confirmed the presence of an N atom at 
position 8. 

As this data did not permit the unambiguous assignment of a 
structure for dercitin, natural abundance 13C-13C coupling in­
formation was obtained from a 2D INADEQUATE experiment.10 

The observed connectivities (Id) enabled the confirmation of the 
partial structures la and lb. The coupling between C-9a and 
C-12a confirmed the presence of a five-membered heterocycle in 
the molecule. The combination of the partial structures la, lb, 
and Id and the assumption of a bond between the carbons 12a 
and 12b completed the carbon skeleton of dercitin. The regio-
chemistry of the thiazole ring was assigned based on the chemical 
shift comparison of C-9a and C-12a to the respective carbons in 
thiazole derivatives" giving the new structure TV1TV-1-trimethyl-

(9) Brown, H. C; Brown, A. C. J. Am. Chem. Soc. 1962, 84, 1493-1494. 
(10) Bax, A.; Freeman, R.; Kempsell, S. P. J. Am. Chem. Soc. 1980, 102, 

4849-4850. 



4858 J. Am. Chem. Soc. 1988, 110, 4858-4860 

l//-pyrido[4,3,2-mrt]thiazolo[5,4-6]acridine-9-ethanamine for 
dercitin (1). This is the first report of a pentacylic aromatic 
alkaloid bearing the thiazole functionality. 
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(11) Metzger, J. V.; Vincent, E. J.; Chouteau, J.; Mille, G. In Thiazole 
and Its Derivatives; Metzger, J. V., Ed,; Wiley: New York, 1979. 
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The term fenestrane was introduced in 1972 by Georgian and 
Saltzman3 for tetracyclo[3.3.1.03'9.07,9]nonane, a hydrocarbon of 
considerable theoretical interest due to the expected planar ge­
ometry of its central carbon atom. The novel synthetic problems 
posed by this tetracycle and, more generally, by other rosettanes4 

have attracted much attention,5 which has been further stimulated 
by the 1979 report of the first naturally occurring member of this 
novel class, lauren-1-ene (I).6,7 We describe herein a total 
synthesis of 1, which represents an unprecedentedly concise and 
stereocontrolled solution to this problem. This synthesis is based 
on the most complex example of an arene-olefin meta photo-
cycloaddition reported to date and provides a novel and general 
strategy for the synthesis of analogous rosettanes. 

Previous studies from these1 and other laboratories8 have es­
tablished a set of selection rules which allows for the prediction 
of mode, regio, facial, and stereoselectivities for photoinduced 
cyclizations of 5-arylpent-l-enes. For the application of this 
methodology to lauren-1 -ene, however, two previously unexplored 
but significant issues arise. First, in contrast to previous studies, 

(1) For recent reviews, see: (a) Wender, P. A.; von Geldern, T. W. Spec. 
Publ. R. Soc. Chem, 57. Aromatic Compounds: Isomerisation and Cyclo-
addition in Photochemistry In Organic Synthesis; 1987, pp 226-55 and ref­
erences therein; (b) Wender, P. A. Selectivity in the Excited State in Se­
lectivity, A Goal for Organic Chemistry; Trost, B. M., Ed.; Verlag Chemie: 
Weinheim. 1984. (c) For the previous contribution in this series, see: Wender, 
P. A.; Fisher, K. J. Tetrahedron Lett. 1986, 27, 1857. 

(2) NIH fellow, 1985-1986. 
(3) Georgian, V.; Saltzman, M. Tetrahedron Lett. 1972, 13, 4315. 
(4) Nickon, A.; Silversmith, E. F. The Name Game; Pergamon: New 

York, 1987; pp 55-56. 
(5) For an excellent review, see: Venepalli, B. R.; Agosta, W. C. Chem. 

Rev. 1987, 87. 399. 
(6) For isolation and structural studies, see: (a) Corbett, R. E.; Lauren, 

D. R.; Weavers. R. T. J. Chem. Soc, Perkin Trans. 11979, 1774. (b) Eaton, 
P. J.; Fawcett, J. M.; Jogia, M. K.; Weavers, R. T. Aust. J. Chem. 1980, 33, 
371. (c) Hanton, L. R.; Simpson, J.; Weavers, R. T. Aust. J. Chem. 1983, 
36, 2581. 

(7) For previous syntheses, see: (a) Tsundoa, T.; Amaike, M.; Tambuna, 
U. S. F.; Fujise, Y.; Ito, S. Tetrahedron Lett. 1987, 28, 2537. (b) Crimmins, 
M. T.; Gould, L. D. J. Am. Chem. Soc. 1987; 109, 6199. 

(8) For lead references, see note 1 above and (a) Mattay, J. J. Photochem. 
1987, 37, 167. (b) Weller, A. Z. Phys Chem N. F. 1982, 133, 93. (c) 
Gilbert, A. Pure Appl. Chem. 1980, 52, 2669. Gilbert, A. Photochem. 1984, 
15, 291, (d) Morrison, H. Ace. Chem. Res. 1979, 12, 383. (e) Houk, K. N. 
Pure Appl. Chem. 1982, 54, 1633. (f) Osselton, E. M,; Cornelisse, J. Tet­
rahedron Lett. 1985, 26. 527. (g) Reedich, D. E.; Sheridan, R, S. J. Am. 
Chem. Soc. 1985, 107, 3360. 

the tether between the alkene and arene subunits in this application 
(3—*-2; Scheme I) would be subjected to an untested rotational 
restriction (about C-8,C-9), potentially disfavoring the confor­
mation required for cycloaddition.1 Moreover, for all three modes 
of meta cycloaddition (i.e., alkene addition to C-5, C-8, to C-4, 
C-I, or to C-8, C-2), the alkene substituents would be forced into 
a potentially adverse steric interaction with a non-arene ring. 
Models suggested that of these three possibilities, alkene addition 
to C-5,C-8 (3-*2) would encounter the least steric hindrance, but 
it was not clear whether even this approach trajectory would have 
sufficient clearance and whether this steric problem would be 
exacerbated by rotational restrictions and the conflicting directing 
effects of the donor groups at C-I, C-4, and C-8. Second, the 
success of this plan would require that the photoaddition proceed 
with the formation of three contiguous quaternary centers (2: 
C-4,C-8,C-9), a sterically demanding process which could be 
superseded by energy transfer.9 

The substrate required to test these points was prepared as 
illustrated in Scheme II.10 Thus, Diels-Alder reaction of cy-
clohepta-l,3-diene and toluyne" allowed for the 5C + 2C con­
struction of the target seven-membered ring, providing direct access 
to arene 4 (65% yield; 84% based on recovered starting material). 
Alternatively, this tricycle was also obtained, albeit in six steps 
(37% overall yield), by using a similar cycloaddition strategy 
involving an initial Diels-Alder reaction of benzoquinone and 
cyclohepta-l,3-diene.12 Subsequent elaboration of arene 4 re­
quired that carbons C-17 and C-16, present in the alkene subunit, 
be differentiated and modified such that the former could be 
employed to assist the introduction of the homoprenyl chain at 
C-9, while the latter could be parlayed into the requisite C-16 
methyl group. This differentiation was achieved efficiently through 
ozonolysis of 4, which proceeded with in situ aldolization to afford 
only one set of aldol isomers 5. The regiospecificity and facility 
of this aldol reaction are attributable to the peri-methyl group 
(C-20), which sterically inhibits enolization at C-9 and enforces 
C-15,C-17 propinquity. Exploitation of this result—involving 
selective formation and Grob fragmentation of keto tosylate 8 and 
hydrogenation of the fragmentation product 9—allowed for the 
elaboration of 14, possessing the requisite differentiated ap-

14 

pendages at C-9 and C-15. Unfortunately, all attempts to use 
ester 14 or ester derivatives (CO2H, CN, CHO, etc.) for intro­
duction of the homoprenyl chain at C-9 were unsuccessful. The 
once-beneficial peri-methyl presumably served at this point to cant 
the enolate out of the arene plane (by 68° as calculated by 
Macromodel) and thereby block electrophilic attack on the only 
accessible enolate face. 

The problem with alkylative introduction of the C-9 homoprenyl 
chain was finally solved through the use of lactone 10, in which 
the previously troublesome C-20, C-17 nonbonded interaction is 

(9) Wender, P. A.; Howbert, J. J. Tetrahedron Lett. 1983, 24, 5325. See, 
further: Howbert, J. J. Ph.D. Thesis, Harvard University, 1983; also note 8d 
above. 

(10) All new compounds furnished appropriate spectroscopic data and 
combustion analyses or exact mass. Partial spectroscopic data for key in­
termediates is as follows: 4, PMR 7.02 (m, 2 H), 6.94 (m, 1 H), 3.72 (m, 
1 H), 3.41 (m, 1 H), 2.32 (s, 3 H), 1.60 (m, 3 H), 1.50 (m, 2 H), 1.30 (m, 
1 H). 3, 7.18 (t, I H , / = 7.5), 7.10 (d, I H , / = 7.5), 6.87 (d, I H , / = 7.5), 
5,14 (d, I H , ; = 5.5), 5.05 (tm, I H , / = 7), 5.02 (d, 1 H, / = 15), 4.78 (d, 
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