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Fumarate- and acrylate-substituted oxazolidinones undergo tandem radical reaction to form dienes in moderate to good yields. The resulting
dienes provide cyclooctenes in moderate to good yields after ring-closing metathesis (RCM). The role of the carbon backbone substituents
and other variables in the efficiency of the eight-membered ring formation is discussed.

Radical reactions allow for the formation of multiple Figure 1) have been developed in the past few years that
carbon—carbon bonds in a single synthetic operatidfe provide a large reactivity range for optimization of the
have recently shown that enoates undergo highly diastereo-cyclooctene formatiofThe synthesis of the precursor dienes
selective tandem radical addition/allylation reactiérie through radical reactions and optimization of the RCM
have been interested in taking advantage of the dienereaction for cyclooctene formation are the focus of the paper.
products that can be readily prepared from these tandem
reactions in the synthesis of cyclooctenes via ring-closing

(4) For selected reports on the formation five-membered rings using

metathesis (RCM) reactions. RCM has emerged as a novelfi

strategy for the synthesis of carbo- and heterocytlEse
formation of small rings is often shown to be very efficient
via RCM reactions. However, the formation of medium-
sized rings still remains difficult using this methodoloyy.
Our goal in this program was to identify structural features

CM, see: (a) Mayo, K. G.; Nearhoof, E. H.; Kiddle, JOIg. Lett.2002,
1567. (b) Oesterreich, K.; Spitzner, Detrahedron2002,58, 4331. (c)
Seiders, T. J.; Ward, D. W.; Grubbs, R. Brg. Lett.2001, 3, 3225. (d)
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Lett. 2000, 2, 1517. (e) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs. R. H.
Org. Lett. 1999,1, 953. For six-membered rings, see: (f) Abell, A. D;
Gardiner, JOrg. Lett.2002,4, 3663. (g) Reddy, Y. K.; Falck, J. Rarg.
Lett.2002,4, 969. (h) Ma, S.; Ni, BOrg. Lett.2002,4, 639. (i) Ghosh, A.
K.; Wang, Y.; Kim, J. T.J. Org. Chem2001,66, 8973.

on the 1,9-decadiene backbone and reaction conditions that (5) For recent papers on eight-membered ring synthesis, see: (a)

would lead to efficient formation of the eight-membered ring

using RCM. Numerous ruthenium-based catalysts (18,
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stoichiometric amount of the Lewis acid, and triethylborane,
under an atmosphere of oxygen. The results of these tandem

fo PP radical reactions are summarized in Table 1 (entrie8)1
3)<Me N/—\N~ Addition/trapping experiments with the less nucleophilic
FC %, //N o POys  Mes™"n Mes primary radicals were marginally efficient, yielding products
: Me Clipi= Cl.. : . ; .
O/M°\ Ph o\ F'n:_\*’h C[rF}“=\Ph in only 40-50% yield (entries 1, 3, 4, 5, 7, and 8). Reactions
Fo—fve M Ys CyaP with the secondary radicals were slightly more efficient,
CFy 1 2 3 furnishing dienes in 51% and 72% yields (entries 2 and 6).
— In these two examples wheré R Me, the diened2b and
Mes~ N~ N-Mes 12f were obtained as a 1:1 mixture of diastereoisomers
CI;;E_ (entries 2 and 6). When crotyl stannane was used as the trap
c Tb (R® = Me), the resulting producti2cand12gwere obtained
_<3 in a 2:1 diastereomeric ratio (Table 1, entries 4 and 7).
4 With all the dienes in hand, we then evaluated ring-closing
0,8 metathesis reactions to synthesize cyclooctenes. On the basis
N-Mes of literature precedents, initial reactions were performed using
C,,_Rxf:y\z Cl;;E_ the second-generation Grubbs cataly®t The results of
O oy Cmy >: these RCM reactions are summarized in Table 2. Our
_<3 NO2 standard reaction condition was the treatment of the diene
0,8 7 8 in the presence of 10 mol % & under high dilution (1
. L mM) in refluxing dichloromethane for 18 h. Six of the dienes
igure 1.

. . ) . Table 2. Synthesis of Cyclooctenes Using RCM Reactfons
Our experiments began with the synthesis of the desired

dienes by tandem radical addition/trapping experiments. Our o R2 | o
group has previously reported that enoates undergo tandem I 0 10 moi% Grubbs 11 8) .
radical reactions to provide products in moderate to good O\_/N : F*l TR TSy O\_/N
yields and high diastereoselectivities. Several dienes (12a— R3WR Reflux 18h
h) were synthesized from the acrylate or fumarate oxazoli-
dinone (9) as the substrate (eq 1). Previous work showed 12a-h
that lanthanide Lewis acids were the best for carrying out
diene product % yield®

radical addition—trapping experiments. Thus, our choice of —=21%Y

o
Vi

Lewis acid was either ytterbium triflate or yttrium triflate. . O)OLNO 5
All reactions were carried out with alkyl iodidel@ (10 \—/J\Qma

equiv), allyl stannanesl{) (5 equiv), either 30 mol % or a 12a 0 o
oéNJ\Q 88
13b

[=o
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Table 1. Synthesis of Dienes by Addition/Trappig JOL Q o~ ).i o
. S, SO
I)\/\/ 10 i | I 12¢ 13¢
0 o v o o j\ 't > )OL 't A
OJLNJ\/AFN R A snBu, 1! O)LN At @ 4 R N 60
/ ‘R 12d 13d
CHyCly/THF 2:1 3 R
9a R=H EtzB, Op, -78°C 12a_hR N[f j’\ M\/\ o o CostBu
9b R = CO,Et Q" N7 Y TCoutBu
5 (A QN 70
W 12e 13e
Lewis acid/ % )OL JOJW 0 o COgBu
entry equiv Rt RZ R® R* product yield® 6 QN ooy QN 70
1 Y(OTH03 H H H H 12a 49 N 12f 13f
2 Yb(OTfa/1.0 H CHs: H H 12b 51 1 )OK/LAA\ o o o
3 Y(OTHs03 H H CHs H 12¢ 50 7 QN Y cogte o N 19
4  Y(OTHs/0.3 H H H CHs 12d 47 fjl 12 13g
5 Y(OTf)3/0.3 CO;tBu H H H 12e 40 o o B o o
6  Yb(OTf)s/1.0 COxtBu CHs H H 12f 72 g OJLN% O)LNJ\:/(C:;B? 63
7  Y(OTfs0.3 COxtBu H CHz H 12g 49 - T — T
12h 13h

8 Y(OTf)3/0.3 CO.tBu H H CHs; 12h 47
a For reaction conditions see Supporting Information. The diastereomeric
aFor reaction conditions see Supporting Informatidrsolated yields ratios for the products were the same as of those for the starting dienes.
after chromatography. Diastereomer ratio was determined by NMR. blsolated yields after column chromatography.
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cyclized to afford the corresponding cycloocten&8)(in out a brief study usind@2aas a substrate. As observed before,
moderate to excellent yield. In general substrates that containreaction of 12a using most of the catalysts resulted in
substituents on the carbon backbone but at a distant locatiorrecovered starting material. To our surprise, 10 mol % of
from the reaction centers gave high yields in the cyclization. Grubbs | @) resulted in a 1:1 inseparable mixture of product
For example, dienes2b and12f with R> = Me underwent and starting material, with an overall yield of 60%. The only

a smooth ring-closing metathesis reaction and provided thetwo other successful cyclizations using an alternate catalyst
best yields forl3b and 13f (88% and 70%, entries 2 and were from12ausing 25 mol % of2 (49% vyield, entry 10)

6).” In contrast, substrates with substituents allylic to the and the conversion of dierf2eto 13ein 27% yield using
reaction center gave low yields for the cyclized produt8e( 8, the recently described catalyst of Grela. Since an increased
and 13g, 33% and 19%, respectively, entries 3 and 7). catalyst loading o provided the cyclooctent2ain similar
Substrates with 1,1-disubstitutents2@l and 12h) did not yield to that from catalys8, the diened2d and 12g were
undergo ring-closing metathesis. These two dienes gavereacted under these conditions. Unfortunately, these dienes
dimers13d and 13h in 60% and 63% vyield, respectively also did not undergo any cyclization with Grubbs | catalyst
(entries 4 and 8). (2).

The poor reactivity of the dienek2d and 12h led us to To investigate if steric bulk of the oxazolidinone played
explore alternative catalysts for cyclization. Dietgd was a role in the unsuccessful cyclization from substréted
subjected to several catalysfs 8, 4, and5) using standard  or 12h, we converted 2d,hinto their corresponding methyl
reaction conditions. Unfortunately all the reactions with esters14 using MgBe or Sm(OTfy in methanoP The
several different catalysts resulted in either recovered startingresulting esteré4 were subjected to our standard cyclization
material or dimer formation. The results from these reactions conditions using 10 mol % of Grubbs Il cataly$) (eq 3).
are summarized in Table 3. For example, Hovey@aubbs Unfortunately, they resulted in mostly recovered starting

material, some polymeric material, and none of cyclooctene

I

Table 3. Evaluation of Different Catalysts.

0
cat conen - -% MeO Catalyst, 3 MeO
entry sm product  (mol %) (mM)  time vyield® R m + Polymer ®)
1 12d 13d 1 (10) 1 28 sm 19aR=H <% 15
2 12d  13d 1 (10) 10 72 sm 140 R =Me R
3 12d 13d 3(10) 1 18 60 . ,
4 12d 13d 4 (10) 1 36 sm Temperature has been shown to have an impact on dimer
5 12d 13d 4 (10) 10 36 665 formation in RCM reaction&’ To evaluate this variable, we
6 12b 13d 5 (10) 10 46 sm performed the RCM reaction at room temperature. Several
7 12a 13a 1(10) 1 28 sm of the dienes were reacted at room temperature in the
8 12a  13a 2 (10) 1 24 60° presence of cataly& for several days in order for them to
9 lea  13a 2(25) L 4049 cyclize (eq 4, Table 4). These reactions are very slow at room
ﬂ igg 122 288; i ;g ir?;] temperature but gave similar or slight!y better yjelds as
12 12a 13a 5 (10) 10 48 sm compared to reactions under reflux conditions (entrieS)1
13 12a 13a 1 (10) 1 28 sm However, substrate$2d and 12g, containing a 1,1-disub-
14 12e 13e 8 (10) 1 36 27 stituted alkene, failed to undergo RCM reaction at room

a|solated yields after column chromatograph2% recovered starting temperature.

material was also isolatef1:1 mixture of starting material and product

Table 4. Room-Temperature Reactiéns
catalyst §) afforded dimer in 66% along with 22% recovered

; . . . . R2 1 g2
starting material. This is not too surprising because this )OL )?\/\'\/\A\ )OL oR R
catalyst is more often used for cross-metathesis reactions than o gt 10mol Grubbs 13) QN @
cyclizations? In an effort to determine if these alternate — Ra&WRA EHaCle (1), RS
catalysts are effective for cyclooctene formation, we carried R*

12a,¢,e,9,h 13a,¢,e,9,h

(6) Catalystsl, 2, 3, and4 are commercially available. Catalyst
Kingsbury, J. S.; Harrity, J. P. A.; Bonitatebus, P. J., Jr.; Hoveydam. entry R1 R2 R® R4 product time, d % yield (sm)®
Chem. Socl999 121, 791. Catalys6: Wakamatsu, H.; Blechert, 83ngew.
Chem., Int. Ed2002,41, 794. Catalyst: Rolle, T.; Grubbs, R. HChem. 1 H H H H 13a 7 53 (20)
Commun2002, 1070. Catalyst Grela, K.; Harutyunyan, S.; Michrowska, 2 H H CH; H 13c 10 39
A. Angew. Chem., Int. E®002,41, 4038.

(7) Crimmins has shown that conformational effects play a key role in 3 CopBu H H H 13e 7 60 (30)
the RCM reactions leading to eight-membered rings. See: Crimmins, M. 4  CO2tBu H CHs; H 139 10 34
T.; Choy, A. J.J. Am. Chem. S0d.999,121, 5653. A detailed analysis of 5 CO;tBu H H CH; 13h 10 37 dimer
conformational effects on cyclization in our work will be presented in a ) N ) ] ]
full paper. aFor reaction conditions see Supporting Informatidrsolated yields

(8) Randl, S.; Gessler, S.; Wakamatsu, H.; BlechertSglett2001, after column chromatography.
430.
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While our work was near completion, Kim and co-workers in extending our methodology to the synthesis of bicyclic
reported that yields for RCM reactions can be improved by systems. To this end we attempted preparing the 5,8- and
a simple modification of the workup procedure using 6,8-bicyclic ring systems (Scheme 1). Addition of the iodo
activated carbon, which effectively removes the catalyst and
byproducts derived theredf Two substratesl2cand12g,

which gave marginal yields in cyclization were chosen to Scheme 1
evaluate the new workup procedure (eq 5, Table 5). For x 16n=;
7n=
O)LN)J\/ /\/SHBUQ, O)LN
. . \/ / In
Table 5. Workup and Concentration Studies oa S:(%)C‘I%TTF 2;1
3 (1eq
1 ° 18n=1,19% (1:1)
ji o o o oR BB, 02,-78°C 491 -2 149% (141)
1 10 mol% Grubbs Il (3) )k
QO N Y R - L~ O N ) 0 O H )n
J : CH,Clp (1mM), J/ 10 mol% Grubbs 11 (3) M
R’”’\ Reflux 18 h R CH,Clp, 1mM 0" >N - 20n=1,96% (1:1)
| >\ J ‘W 21n=295% (1:1)
12¢ R=CHg R'=H 13¢R=CHg R' =H Reflux, 16 h
12g R = CHg, R! = COLt-Bu 13g R = CHg, R = CO.t-Bu
entry compd concn (mM) workup? % yield® allylcyclopentang(16) and the iodo allylcyclohexand¥)
to 9a afforded the corresponding dien#8 and19in 19%
1 12¢ 1 A 33 o ; ) .
5 190 1 B 48 and 14% vyield, respectively. Attempts to improve the yields
3 12¢ 05 B 78 have so far proven unsuccessful, although complete optimi-
4¢ 12g 1 A 19 zation studies have not been carried out. However, the
5 129 1 B 44 subsequent RCM reactions proceeded smoothly and afforded
6 129 0.5 B 65 96% and 95% yield of the bicyclic compoun@6 and21.

a@Method A: column chromatography. Method B: treatment with carbon The relative stereochemistry of the cyclic compounds were
followed by column chromatographlsolated yields after chromatography.  determined by NOE analysis d8—21. The trans stereo-
A 2:1 diastereomeric mixture dizgwas used. The produtBgwas also chemistry at the ring junction is established during radical

addition and is consistent with observations in the literattire.

In conclusion, we have shown that simple as well as
complex cyclooctenes can be synthesized using radical
reactions in combination with RCM technology. Variables
such as substitution, catalyst, concentration, and temperature
that impact on cyclization efficiency have been investigated.
Overall, the cyclizations are efficient with substituents at
diluti d using th dified K | remote locations to the olefinic center and become more

llution and using the modified workup protocol (compare difficult or unsuccessful when the substituents are close to

entries 2 with 3 and 5 with 6). or at the reaction center. Extension of the methodology in
The ophiobolin and fusicoccin family of natural products  target synthesis is underway.

contains a fused 5,8,5-ring system, and several members from
this class have been popular targét8ve were interested

example, the yield forl3c increased from 33% to 48%
(compare entry 1 with entry 2) using the modified workup.
A similar enhancement was also seen18g(19% to 44%,
compare entry 4 with entry 5). Further improvements in yield
could be achieved by conducting the reaction at higher
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