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Abstract: Lactones and lactams 4-6 were synthesized from a series of acyclic dienes 1-3 via ring-

closing olefin metathesis, as shown in equation 1. The geometry of the resulting double bond was
determined, and the £/Z ratios compared to values from molecular mechanics calculations.
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Recently the ring-closing metathesis (RCM) reaction has been applied in the synthesis of
Al Mmadirm [ aldnl R Vi LB Y- st labi Taatla Vel 1‘2 nnnnn 3)4 -~ -~ s == =2 am Pg-poiy
such maCfGC‘y'uhu natural pPi ducts as manzamine A “th othilones,™ and Sch 38516 (FiUVIrUCIn

B4).” In addition to these natural product syntheses, various studies on the synthesis of unsaturated

u
macrocyclic lactams and lactones by the RCM reaction have been conducted.®® These studies have

synthesize several different rin

shown that the RCM reaction can be used to syr

s

systematic study of a singie ring size has been carried out yet. Herein we report such a study on the
use of the RCM reaction to synthesize a series of unsaturated 14-membered ring lactones and

lactams as shown in Equation 1.
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~—(CHp)19.n—CH=CH,

i, 4, X=0
2 XoRH 5, X=NH
3, X=NBOC 6, X=NBOC

Diene esters 1 were prepared by coupling the corresponding carboxylic acids and alcohols;

the diene amides 2 were prepared from the corresponding carboxylic acids and amines, or by

9,10
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aikylation of the corresponding primary amides. A CH,Cl, solution of Cix(PCys).Ru=CHPh (7)

added to a CH,ClI; solution of 1, or separate CH.Cl; solutions of 2 and 7 were added to CH.Cl; to

was
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form the corresponding lactones 4 or lactams 5 in poor to good yields (Table 1)."" The number n
represents the number of methylene units separating the carbonyl group and the double bond in the

macrocyclic ring.

Table 1. Formation of 14-Membered Macrocyclic Lactones and Lactams by Ring-Closing
Metathesis of Dienes 1-3.
Substrate X n  Product Conditions Time Yield E/Z  Calculated
(hy  (%)° ez

1a o 1 4a a 30 11(41) 50:50 96:4
1b O 2 4b a 31 45 (30) 82:18 99:1
1c 0 3 4c a 20 47 (26) 2377 35:65
1d 0 4 4d a 6 75 (5) 56:44 65:35
1e o 5 4e a 30 62(11) >99:1 96:4
1f O 6 4t a 20 31(28) 59:41 64:36
1g o 7 4g a 1.5  63(9) 73:27 59:41
ih O 8 4h a 31 70 (5) 87:13 95:5
1i O 9 4i a 30 0 (66) 65:35

" 2a NH 1 58 b 24 0(82 991
2b NH 2 5b b 24 11(75) 80:20 991
2c NH 3 5c b 25 39(32) 11:89 17:83
2d NH 4 5d b 4 74(9) 5842 57:43
2e NH 5 5e b 1 87(12) >99:1 97:3
2f NH 6 5f b 7 86 (0) 54:46 48:52
29 NH 7 5g b 22 47 (39) 16:84 16:84
2h NH 8 5h b 20 32(60) 72:28 95:5
2i NH 9 5i b 26.5 7(83) >99:1 63:37
3a NBOC 1 5a c 24 0(93) T Teent T
3b NBOC 2 5b c 24  31(41) 82118 83:1
3¢ NBOC 3 5c c 10 71{8) 20:80 17:83
3g NBOC 7 59 c 8 62 (11) 13:87 16:84
3h NBOC 8 5h . 17 57(5) 64:36 95:5
3i NBOC 9 5i c 24 20(67) >99:1 63:37

A solution of 2 mol % 7, 2.0 mM in CH,Cl,, was added to a solution of 1 in CH,Cl,. An additional 3 mol % of 7
was added to 1a and 1i after 18 hours.

CH4Cl; solutions of 2 and 5 mol % of 7, 2.0 mM, were added over 3 hours, with the exception of 2e where the
substrate and the catalyst were added immediately.

Same as b and the crude product was treated with CF;COOH:CH,Cl, (1:1) to cleave the BOC group.
Isolated yield of analytically pure material after chromatography, and recovered starting material in parenthesis.

o
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Ratio of isomers was determined by GC or 'H NMR, or by chromatographic isolation.

-

Caculated using MacroModel 4.5 (see reference 17).

These results illustrate that the proximity of the terminal double bonds to the carbonyl oxygen

or the heteroatom affects the cyciization. Eariier studies indicated when three bonds or iess



separate the terminal double bond from the carbonyl, unproductive metal complexes can result. 4™
The poor vields of 4a, 4i, 5a, 5b, and 5i and the general trend in yield can be explained in these
terms. Amides 2a-2¢ and 2g-2i were protected with the BOC group to reduce the Lewis basicity of
the carbonyl oxygen and the amide nitrogen atoms, and to sterically hinder the carbonyl oxygen.
These N-BOC diene-amides 3 were treated under the same RCM conditions, and then with trifluoro-
acetic acid prior to purification, to yield the corresponding lactams 5 in improved yields (Table 1).
These resuits with the /V-protected diene-amides are consistent with previous studies indicating that
the RCM reaction proceeds more smoothly when the nitrogen of diene-amides are protected.'

The observed E/Z ratios from the RCM reactions are also given in Table 1.'° Comparing the

series X=0, NH or BOC, suggested that, except for 1g and 2g, the heteroatom or its substituent had
little effect on these ratios. Equilibrium studies on (2)-5g and (E)-5f using active form of the catalyst
7, Clx(PCys)2Ru=CH,, in CH,Cl, showed little isomerization after 24 hours. In fact treatment of (E)-5f
with 7 and excess ethyiene converted the lactam back to starting amide 2f (24%), 14% cyclic dimer
and 60% recovered (E)-5f. Next we considered that the relative transition state energies for
formation of the E and Z might be reflected in the relative strain of the isomeric products. The global
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shown below. The dihedral angles from these structures and the observed E/Z ratios for the

corresponding bond positions suggested that the conformation of the transition state for ring

formation is similar to these structures and controls the efprpnrhpmlqtm of the re I'nnn double
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calculated E/Z ratios (Table 1) are

rformed on each of the macrocyciic lact
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omparable with those observed for each series.
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Diene esters and amides, with the terminal double bonds far removed from the functionality,

can be used to foorm 14-membered ring lactones or lactams by RCM. The yields of lactams were
improved by BOC protection of the amide nitrogen. The observed E/Z ratios were comparable to those
from MM3* calculations, making molecular mechanics a predictive tool on the preferred
stereochemistry of the resulting alkene. This constitutes the first systematic study of the RCM of a

single ring size, exploring all logical double bond positions within the macrocyclic ring, and the first
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which displayed predictable double bond geometry. Further work is in progress to study the synthesis,
conformation, and reactivity of these macrocyclic systems.

a pem e -~

Fellowship (to WPDG). We aiso thank Professor R. H. Grubbs for providing us with procedures for
the preparation of the ruthenium catalyst used in these studies.

—

w

SJ"]

~

© ®

——h
o

11.

13.

——

P O §
> o »

17.

4 1t Damvrme D M D, mn I L D...
i, U. l'\ Dpurer, D \J Dlelﬂugel, . ruar

Pandi A IT1.
Martin, S. F.; Chen, H.-J.; Courtney, A. K.; Liao, Y.; Pétzel, M.; Ramser,
Tetrahedron 1996, 52, 7251-7264.

icolaou, K. C.; He, Y.; Vourloumis, D.; Vallber

My TN WFey B AWy 7 AT IINT, g v

<
Z
2
o
Q
3
)
2
>
w

Yang, Z.; Trujilio, J. i. J. Am. Chem. Soc. 1997, 119, 7960-7973.
Meng, D.; Bertinato, P.; Balog, A.; Su, D.-S.; Kamenecka, T.; Sorensen, E. J.; Danishefsky, S.
J. J. Am. Chem. Soc. 1997, 119, 10073-70092.

Xu, Z.; Johannes, C. W.; Houri, A. F.; La, D. S.; Cogan, D. A,; Hofilena, G. E.; Hoveyda, A. H. J
Am. Chem. Soc. 1997, 119, 10302-10316.

Furstner, A.; Langemann, K. Synthesis 1997, 792-803.

Firstner, A.; Langemann, K. J. Am. Chem. Soc. 1997, 118, 3130-3136

Letinas, K. E.; Salteris, B. E. J. Chem. Soc. Perkin 11997, 2869-2872

Schwab, P.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc. 1996, 118, 100-110

Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H. Angew. Chem. Int. Ed. Engl. 1995, 34,
2039-2041

All new compounds were characterized by 'H and '°C NMR, IR, and MS and gave satisfactory
5

elemental analysis. The minor isomers of compounds 5b and ¢

= U0 Lt

compound 5¢ couid not be separated completely.

. Fu, G. C.; Grubbs, R. H. J. Am. Chem. Soc. 1992, 114, 7324-7325.

Feldman, J.; Murdzek, J. S.; Davis, W. M.; Schrock, R. R. Organometallics 1989, 8, 2260-2265.

Rutjes, F. P. J. T.; Schoemaker, H. E. Tetrahedron Leit. 1
Configurations were determined by 500 MHz 'H NMR decoupling experiments.
Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Caufield, C.; Chang, G.;

Handrickenan T - Qhll W C - | Onmn: ut Nha 'loon 11 AAN
GriCRSO Pl

LA~ R A1) Ty 1.y 3 YV Wy W \JUI'IF L. VI'UIII IV 11y, TTTTV.

Allinger, N. L.; Yuh, Y. H.; Lii, J.-H. J. Am. Chem. Soc. 1989, 111, 8551-8582.



