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(12) /Vb-Acetyltryptamine in 85% phosphoric acid, on the other hand, gave a 
dimeric product related to the skatole dimer as the main product. Trypt-
amine itself behaves similarly. These results indicate that the tautomeri-
zation to 2 competes with the dimerization. Furthermore, the nucleophilicity 
of the carbamate group seems to be greater than that of acetamido group 
in acidic media. 

(13) The protection of the 2 position of indoles by sodium bisulfite adducts has 
been reported: J. Thesing, G. Semler, and M. Mohr, Chem. Ber., 95, 2205 
(1962). 
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Total Synthesis of Confertin via 
Metal-Promoted Cyclization-Lactonization 

Sir: 
Confertin (1) is one of the simplest of the sesquiterpene 

a-methylene-7-lactones, a class of compounds which have 
attracted attention as synthesis targets because of general 
cytotoxicity.1 This member of the pseudoguaianolide family 
of sesquiterpenes has been the object of a successful total 
synthesis2 and the closely related structure, damsin, has been 
prepared by three research groups.3 In common with all pre
vious syntheses of natural a-methylene-7-lactones, the strategy 
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in these efforts involved addition of an a-methylene group to 
a carefully constructed 7-butyrolactone derivative.4 We wish 
to report a new approach to sesquiterpene a-methylene-7-
lactones which we demonstrate with the total synthesis of 
confertin. Our strategy involves intramolecular coupling of an 
allylic metal species (e.g., 3) with an aldehyde unit (cycliza-
tion) followed by spontaneous lactonization, making use of the 
natural functionality of the a-methylene carbonyl unit to fa
cilitate formation of the allyl metal intermediate. The method 
is based on simple intermolecular examples of a-methylene-
7-lactone formation using allylzinc5 and allylnickel6 inter
mediates, and on our own model studies for intramolecular 
applications.7 

Confertin (1) has five centers of chirality which have been 
assigned as shown based on spectral and chemical correlation 
with other natural sesquiterpene lactones.8 Our strategy relies 
on selective hydrogenation of a C-IO exo-methylene group (in 
2) to introduce the proper stereochemistry at C-IO, and se
lectivity for the /3-cis lactone ring fusion from cyclization of 
3 to 2. The model studies7 indicated a strong tendency for 
formation of cis ring fusion, but there was no obvious rational 
for predicting /3-cis (natural) or a-cis lactone ring fusion. We 
entered into the synthesis of confertin partly to establish the 
stereochemical preferences for the cyclization-lactonization 
and to probe for control over stereoselectivity through the re
action variables implicit in general intermediate 3. Scheme I 
presents the successful route, showing all isolated intermedi
ates.9 Vinyl bromide 4 was obtained from 4-hydroxy-l-butyne 
using the method of Boeckman.10 Following the general 
strategy of organocuprate conjugate addition-enolate trap
ping,11 vinyl bromide 4 was combined with 2-methyl-2-cy-
clopentenone and methyl bromoacetate to produce 5. Halo
gen-metal exchange of 4 with ter?-butyllithium followed by 
addition of (3,3-dimethyl-l-butynyl)copper(I)12 gave an or
ganocuprate to which was added 2-methylcyclopentenone at 
—45 0C. The resulting enolate in tetrahydrofuran-ether (1:4) 
was added to a 5-fold excess of methyl bromoacetate in 
ether-hexamethylphosphoric triamide (1:1, v:v) at —20 0C.13 

The product (5) was obtained in 85% yield, contaminated with 
<5% of the epimer (at C-5, pseudoguainolide numbering). The 
stereochemistry of 5 is as expected,14 supported by 1H NMR15 

and confirmed by the structure of the final product 1. 
The side-chain ester in 5 was converted to an aldehyde by 
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reduction with lithium aluminum hydride (the ketone is re
duced also), followed by oxidation with chromium trioxide-
pyridine in dichloromethane.16 The yield of 6 for the two op
erations was 85%. 

A mixture of the 2-phosphonoacrylate 7 and sodium iso-
propylmercaptide produced the phosphonate anion 8 in situ.17 
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Then addition of the aldehyde 6 resulted in selective reaction 
at the aldehyde carbonyl group (5 h, 25 0C) to give the 2-thi-
omethyl acrylate derivative 9 in 70-85% yield, as a mixture of 
Z and E isomers. As in the earlier studies of this reaction,17 

the configuration of the double bond depends upon the reaction 
conditions. Using the lithium salt of 8 (from n-butyllithium-
isopropyl mercaptan) in toluene, the product was a mixture 
of 9E and 9Z in a ratio of 8:1. With the sodium salt of 8 (from 
sodium hydride-isopropyl mercaptan) in tetrahydrofuran the 
ratio is 1:4. 

The /3,7-unsaturated aldehyde unit required in 3 was ob
tained by hydrolysis of the acetal protecting group (p-tolu-
enesulfonic acid, methyl alcohol, reflux for 20 h) to give 10 and 
delicate oxidation using the method of Moffatt.18 It was es
sential to avoid oxidation of sulfur and isomerization of the /3,7 
double bond (11) into conjugation (as in 12). The double-bond 
isomerization could not be avoided entirely and inevitably 
occurred during attempts at purification of the oxidation 
product. Therefore, the oxidation was carried out under mild 
conditions (dicyclohexylcarbodiimide, trifluoroacetic acid, 25 
0C), the crude product was simply triturated at 25 0C with 
hexane to remove the urea by-product, and a pentane solution 
was cooled to —78 0C to precipitate an oil which was a mixture 
of aldehydes, with a ratio of 11:12 of ~9:1. This material was 
used in the next step. 

In our model studies, the ring closure was initiated by in
sertion of Zn(O) or Ni(O) into an allylic bromide unit.7 The 
sensitivity of the /3,7-unsaturated aldehyde unit precluded 
conversion of the allylic thioether to the allylic bromide. An 
effective alternative was found through treatment with methyl 
fluorosulfonate to give an intermediate presumed to be the 
sulfonium ion 13; this derivative showed reactivity toward 
Zn(O) and Ni(O) reagents similar to that of an allylic bromide. 
The products from oxidation and from methylation (13Z and 
13£) were not purified or fully characterized. The crude 
sample of 13 was studied in reaction with low valent metals. 
Optimum yields in cyclization-lactonization were obtained 
with zinc/copper couple19 and bis(l,5-cyclooctadiene)nick-
el.20 

Reaction with excess zinc/copper couple in tetrahydrofuran 
of 40 0C for 20 h produced isomer 14 in 30% yield overall from 
alcohol 10. The product was isolated by medium-pressure 
liquid chromatography, mp 133-134 0C, and was shown by 
x-ray diffraction on a single crystal to bear the cis-fused lactone 
in the unnatural a configuration (i.e., 14).21 

Treatment of 13 (1:4 E:Z) with excess bis(l,5-cycloocta-
diene)nickel(O) in tetrahydofuran at —20 to 25 °C produced 
a mixture of two a-methylene-7-lactones in 43% yield overall 
from alcohol 10, in the approximate ratio of 2:1. The major 
isomer was isolated as before, mp 123-124 0C. Since the cy
clization-lactonization method tends to produce cis-fused 

lactones,7 the structure was assumed to be 2. Selective hy-
drogenation of 2 to give 1 has not yet succeeded; the two olefin 
units have similar reactivity. Protection of the a-methylene-
7-lactone unit by conjugate addition of n-propyl mercaptan22 

allowed hydrogenation (10% Pd/C, CH3OH, 48 h) of the C-10 
methylene unit with the anticipated stereoselectivity to give 
only the natural configuration at C-10. Elimination of «-pro-
pylmercaptan was accomplished by the well-established se
quence22 of methylation at sulfur (methyl fluorosulfonate, 
CHCl3, 3 h, 25 0C), followed by base treatment (saturated 
aqueous sodium bicarbonate solution, two phase, 24 h, 25 0C). 
A single a-methylene-7-lactone, mp 116-117 0C, was obtained 
in low yield overall from 2. The 270-MHz 1H NMR spectrum 
of this material was identical with a spectrum of natural 
(±)-confertin (mp 145-146 0C)8 obtained under closely 
similar conditions.23 Final confirmation of the structure of the 
racemic product of synthesis was obtained by x-ray diffraction 
analysis.24 

Preliminary experiments indicate that the stereoselectivity 
in the ring-closure step depends on the olefin geometry (in 13) 
as well as on the metal reagent. The isomer 13£ reacts with 
bis(l,5-cyclooctadiene)nickel(0) to give a mixture relatively 
richer in isomer 2. Further studies of the stereochemical fea
tures of this key step are underway.25 

References and Notes 

(1) Cf. S. M. Kupchan, M, A. Eakin, and A. M. Thomas, J. Med. Chem., 14, 1147 
(1971). 

(2) J. A. Marshall and R. H. Ellison, J. Am. Chem. Soc, 98, 4312 (1976). 
(3) (a) R, Kretchmer, and W. J. Thompson, J. Am. Chem. Soc., 98, 3379 (1976); 

(b) P. A. Grieco, Y. Ohfune, and G. Majetich, ibid, 99, 7393 (1977); (0) P. 
DeCleroq and M. Vandewalle, J. Org. Chem., 42, 3447 (1977). 

(4) (a) P. A. Grieco, Synthesis, 67 (1975). (b) R. B. Gammill, C. A. Wilson, and 
T. A. Bryson, Synth. Commun. 5, 246 (1975). For applications, see P. A. 
Grieco, M. Nishizawa, T. Oguri, S. D. Burke, and N. Marinovic, J. Am. Chem. 
Soc, 99, 5773 (1977), and S. Danishefsky, P. F. Schuda, T. Kitahara, and 
S. J. Etheredge, ibid, 99, 6066 (1977). 

(5) E. Ohler, K. Reininger, and U. Schmidt, Angew. Chem., Int. Ed. Engl., 9, 
457 (1970). 

(6) L. S. Hegedus, S. D. Wagner, E. L. Waterman, and K. Sirala-Hansen, J. Org. 
Chem., 40,593(1975). 

(7) M. F. Semmelhack and E. S. C. Wu, J. Am. Chem. Soc, 98, 3384 
(1976). 

(8) Cf. J. Romo, A. Romo de Vivar, A. Velez, and E. Urbina, Can. J. Chem., 
46, 1535(1968). 

(9) Compounds 5, 6, 7,9 (E-Zmixture), and 10 have been fully characterized 
with acceptable combustion analyses and 1H NMR, IR, and low resolution 
mass spectral correlations. 

(10) R. Boeckman and D. M. Blum, J. Org. Chem., 39,3307 (1974). For an earlier 
preparation and characterization of 4, see R. W. Rosenthal and L. H. 
Schwartzmann, ibid., 24, 836 (1959). 

(11) For examples of trapping of magnesium enolates from copper-catalyzed 
conjugate addition, see (a) G. Stork, and J. d'Angelo, J. Am. Chem. Soc, 
96, 7114 (1974); (b) F. NafandR. Decorzant, HeIv. Chim. Acta, 57, 1317 
(1974). (c) For a study of alkylation of enolates generated from a lithium 
dialkylcuprate addition to 2-methylcyclohexenone, see R. K. Boeckman, 
J. Org. Chem., 38, 4450 (1973). 

(12) (a) E. J. Corey and D. J. Beames, J. Am. Chem. Soc, 94, 7210 (1972); (b) 
H. O. House and M. J. Umen, J. Org. Chem., 38, 3893 (1973). 

(13) The inverse addition and other precise conditions are critical to success 
in this reason. Reproducible yields of 83-85% of distilled product (bp 
135-145 0C (0.01 Torr)) have been observed on 40-mmol scale; these 
yields are definitely optimized. 

(14) For an example of predominant trans stereochemistry in a closely parallel 
alkylation, see ref 11c. 

(15) The side-chain exo-methylene in 5 has a strong and predictable effect on 
the chemical shift of the quarternary methyl group. For example, see C. 
F. Mayer and J. K. Crandall, J. Org. Chem., 35, 2688 (1970). 

(16) J. C. Collins, W. W. Hess, and F. J. Frank, Tetrahedron Lett., 3363 
(1968). 

(17) M. F. Semmelhack, J. C. Tomesch, M. Czarny, and S. Boettger, J. Org. 
Chem., 42, 1259 (1978). The configurational assignments follow from 
arguments presented in this note. Isomers 9£and 9Zcould be separated 
by medium-pressure liquid chromatography. 

(18) J. G. Moffatt, Org. Synth., 47, 25 (1967). 
(19) Prepared according to the method of R. M. Blankenship, K. A. Burdett, and 

J. S. Swenton, J. Org. Chem., 39, 2300 (1974). 
(20) For a discussion of reactions of bis(1,5-cyclooctadiene)nickel(0) with allylic 

halides and a preparation of this compound, see M. F. Semmelhack, Org. 
React., 19, 119 (1972). For an alternative procedure, see R. A. Schunn, 
lnorg. Synth., 13, 124(1973). 

(21) Crystals of 14 are monoclinic, space group P2,/n with a = 6.561 (4), b 
= 21.299 (13), c = 9.253 (4) A; /3 = 100.44 (4)°; Z = 4. The structure was 
solved by direct method, and refined to R = 0.056 for the 1516 reflections 
with / > 3<T(/). Full crystallographic details will be disclosed in a forthcoming 
full paper. 



Communications to the Editor 5567 

(22) For an example of this method of protecting a-methylenelactones, see 
S. M. Kupchan, T. J. Giaooble, and I. S. Krull, Tetrahedron Lett., 2859 
(1970). 

(23) We thank the New England NMR Facility (Yale) for obtaining these spec
tra. 

(24) Crystals of confertin are monoclinic, spacegroupP21/cwitha= 12.746 
(2), b = 7.495 (1), c = 14.064 (2) A; 0 = 101.83 (1)°; Z = 4. The structure 
was solved by direct method, and refined to R = 0.056 for the 1516 re
flections with / > 3(T(O- Full crystallographic details will be disclosed in 
a forthcoming full paper. 

(25) We wish to acknowledge support from the National Institutes of Health for 
a postdoctoral fellowship to J. C. Tomesch (1975-1976) and for a research 
grant (CA-18333). In addition, we thank Dr. James Springer (Merck Re
search, Rahway, N.J.) for assistance in collecting x-ray diffraction data on 
(±)-confertin. Professor Jon Clardy provided important suggestions in the 
chemical aspects of this project as well as in helping to arrange for the x-ray 
studies at crucial times. Finally, a sample of natural confertin was provided 
by Professor Eloy Rodriquez, through the agency of Professor Paul Grieco 
(Pittsburgh) to whom we are grateful. 

M. F. Semmelhack,* A. Yamashita 
J. C. Tomesch, K. Hirotsu 

Department of Chemistry, Cornell University 
Ithaca, New York 14853 
Received April 10, 1978 

A New Contractive Coupling Procedure. 
Convenient Phosphorus Expulsion Reaction 

Sir: 

The utility of contraction reactions is probably best dem
onstrated by procedures that have been devised for the ring 
compression of carbophanes and heterophanes.1 Historically, 
several fundamental routes, based on sulfur chemistry, have 
have been widely used: (1) thermolysis of sulfoxides,2 (2) 
photolysis of sulfides3 or disulfides,4 (3) Stevens rearrange
ment,5 and (4) Ramberg-Backlund rearrangement.6 Ring 
contraction of cyclic ethers has been reported;7 however, this 
route has never received proper recognition. In these known 
heteroatom contraction procedures, an inherent common 
limitation is that the bridge(s) must possess an ArCH2X-
CH2Ar' moiety, which contracts to ArCH2CH2Ar'. We herein 
report a novel complimentary procedure, based upon phos
phorus expulsion, that will now permit the facile construction 
of a (hetero)aryl-(hetero)aryl bond. 

With the current interest in the synthesis and chemistry of 
phosphorus containing macrocycles, we envisioned the nu-
cleophilic displacement of halide from phosphine 3b with a 
glycolate dianion8 to afford 6 (Scheme I). Reaction of lithio-
diphenylphosphide with aryl9 or heteroaryl10 halides has been 
shown to afford the triarylphosphines in variable but respect
able yields. Thus, when either (a) dilithiophenylphosphide11 

was reacted with halopyridines 1 or (b) dichlorophenylphos-
phine was treated with substituted 2-lithiopyridines 2, the 
desired substituted phosphines 3 were isolated in a 50-60% 
yield. Procedure b is most commonly used, when the organo-

Scheme Ia 
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" a, buLi, ether, -60 0C; b, PhPCl2; c, H2O2; d, PhPLi2; e, HO-
(CH2CH2O)5CH2CH2OH, NaH (2.5 equiv), C6H4Me2, 140 0C; f, 
EtONa, C6H5Me, 100 0C. 

metallic reagents can be easily prepared, whereas procedure 
a is advantageous when the heterocyclic halide can not be 
conveniently transformed into the corresponding organome-
tallic (e.g., Ic) or is prone to coupling reaction under metala-
tion conditions. The free phosphine 3b was smoothly converted 
(47%) into 6 (oil; NMR (CDCl3) 6 3.64 (m, /S-^-CH2,20 H), 
4.28 (t, a-CH2, J = 5 Hz, 4 H), 6.66 (dd, 5-pyr H, / = 8,1 Hz, 
2 H), 6.97 (ddd, 3-pyr H, J = 7,4,1 Hz, 2 H), 7.20-7.85 (m, 
4-pyr H, Ph H, 7 H)) upon treatment with sodium hexaethy-
leneglycolate, generated from the glycol and sodium hydride, 
at 135 0C in xylene under nitrogen for 12 h. 

Owing to the facile aerobic oxidation of these heteroaryl-
phosphines, the free phosphines (3 and 6) were oxidized with 
dilute hydrogen peroxide to corresponding P-*oxides 4 and 
7. Attempted conversions of either P-*oxides 4b or 4c into 7 
by the above procedure afforded (30-55%) 5b (mp 222-223 
0C)12 or 5c (mp 202-203 0C),13 respectively, along with un-
reacted starting material, and traces of 8. Repetition of this 
procedure with 4b at 140 0C with (a) glycol and no sodium 
hydride, (b) sodium hydride and no glycol, and (c) neither 
sodium hydride nor glycol gave predominately unreacted 
starting material. These P-*oxides are generally stable to 
prolonged exposure to 140 0C in an inert atmosphere. Re
finement of reaction conditions (sodium ethoxide (2 equiv), 
toluene, 100 0C) gives rise to a smooth transformation of 4a-c 
to 5a-c, each in 50-60% yield. With prolonged reaction times, 
5b reacts with sodium ethoxide to give (90%) 5d (mp 78-79 
0C; NMR (CDCl3) 5 1.43 (t, -CH3, / = 7 Hz, 6 H), 4.51 (q, 
-CH2-, J = 7 Hz, 4 H), 6.71 (dd, 5-pyr H, J = 7,2 Hz, 2 H), 
7.54 (dd, 4-pyr H, J = 7, 7 Hz, 2 H), 7.97 (dd, 3-pyr H, J = 
7, 2 Hz, 2 H)), which can be isolated as the potential side 
product under more drastic conditions. 

Treatment of P-»-oxide 7 with sodium hexaethyleneglycolate 
at 90-100 0C in toluene afforded (32%) the ring-contracted 
bipyridyl macrocycle 814 (mp 41-43 0C; NMR (CDCl3) 5 3.17 
(m, 1-CH20,4 H), 3.28 (m, e-CH20,4 H), 3.45 (m, 5-CH2O, 
4 H), 3.68 (m, 7-CH2O, 4 H), 3.94 (t, 0-CH2O, / = 5 Hz, 4 
H), 4.73 (t, a-CH20, / = 5 Hz, 4 H), 6.77 (dd, 5,5'-pyr H, J 
= 8,1 Hz, 2 H), 7.67 (dd, 4,4'-pyr H, J = 8, 8 Hz, 2 H), 7.90 
(dd, 3,3'-pyr H, / = 8,1 Hz, 2 H)) along with traces of open-
chained dipyridyl ether 9. In an attempt to ascertain further 
insight into the mechanism, a mixture of 4a and 4b was 
subjected to the modified conditions; only 5a and 5b were 
isolated and no evidence for the mixed bipyridyl was detected. 
This lack of mixed bipyridyl is indicative of an intramolecular 
reaction pathway which leads to the coupled product. 

Rationale for this intramolecular contraction procedure is 
shown in Scheme II. Initial nucleophilic attack on phosphorus 
generates the bipyramidal phosphorane 10, in which one pyr-
idyl group is in the apical position. Migration of (hetero)aryl 
groups from phosphorane intermediates depends on (a) the 
nature of substituents attached to phosphorus and (b) the 
stabilization of the migrating group by an electrophilic center 
adjacent to phosphorus.15-17 Thus a "benzylic acid-type" re
arrangement affords a new 1,2-dihydropyridine anion 11, 
which subsequently rearomatizes via loss of a phosphorus 
moiety. 

This facile contractive conversion of phosphine oxides to 
biheteroaryls reported here offers an easy complimentary re
action to the known sulfur expulsion reactions. In light of the 
wide range of industrial and medicinal compounds as well as 

Scheme II 
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