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Abstract: A variety of medium-ring heterocycles, prepared efficiently by the Ru-catalyzed diene metathesis method,
undergo asymmetric catalytic ethylmagnesation to afford nonracemic unsaturated alcohols and amides in excellent
enantiomeric purity ¥ 98% ee). Noteworthy features of these studies are as follows: (i) Eight-membered unsaturated
tosyl amides are readily prepared by transition-metal-catalyzed metathesis. (i) With six-, seven-, and eight-membered
N-containing substrates the presence of an electron-withdrawing Ts unit is required for efficient carbomagnesation
(corresponding alkylamines are inert). Chiral medium-ring heterocycles are resolved by the Zr-catalyzbdii-

forming reaction to afford recovered starting materials in up 89% ee. The kinetic resolution data indicate that
simple steric models can reliably predict the sense of the asymmetric induction in the asymmetric carbomagnesation
or kinetic resolution. However, experimental results presented herein also illustrate that the obmerigcof
enantioselectivity cannot be predicted on the basis of such paradigms.

Introduction

Stereoselective synthesis of medium-ring heterocycles con-

stitutes an important objective in modern organic synthesis,
since these structural units are commonly found within frame-
works of a variety of medicinally important natural products.

Results and Discussion

Synthesis and Carbomagnesation of Seven- and Eight-
Membered Heterocycles. Instances of Tandem Catalysis.
As illustrated in Scheme 1, a seven-membered heterocycle can
be prepared in near quantitative yield through Ru-catalyzed

Of special significance, and in particular demand, are reaction metathesis of an appropriate diene etter« 2);> subsequent

technologies for theenantioselectie preparation of various

treatment of the heterocycle with 5 equiv of EtMgCI in the

medium-ring compounds. Recent work in these laboratories presence of 10 mol % R)-(EBTHI)Zr-binol® affords the

has illustrated that the zirconocene-catalyzed asymmetric car-

bomagnesation reaction is an efficient-C bond-forming

unsaturated amid@in >98% ee (judged byH NMR analysis
of the derived R)-MTPA ester) and 75% vyield after silica

process that allows for a convenient method for the preparationgel chromatography. Importantly, the unsaturated medium-

of a variety of chiral molecules in the enantiomerically pure or
enriched form- The ability of this catalytic transformation to
promote efficient kinetic resolution of various substituted
furans? pyrans® and cyclic ethersis noteworthy, as this pro-

ring amide—in the same reaction vessel, without recourse
to isolationr—may be subjected to 10 mol % of the chiral Zr
catalyst and EtMgCI to afford unsaturat&din 81% yield

after purification. The one-pot procedure thus allows for

cess provides a route for the enantioselective synthesis of a rangéhe facile synthesis @ in >98% ee from readily available®
of heterocyclic and acyclic structures. We disclose here the A similar tandem diene metathesis/ethylmagnesation can be

results of our studies on the asymmetric catalytic ethylmag-

carried out on ethe#, leading to the formation of unsaturated

nesation of various unsaturated seven- and eight-memberecthiral alcohol5 in 73% yield and>99% ee (judged by GLC
rings; the unsaturated alcohols or amide reaction productsanalysis).

are obtained with high levels of enantioselection. More

importantly, these transformations lead to medium-ring hetero-
cycles with excellent enantiomeric purity through catalytic

kinetic resolution. Studies outlined below provide important

insights with regard to the inner workings of the catalytic process
as well.

® Abstract published if\dvance ACS Abstract#pril 15, 1996.
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Scheme 1
PCys3
C"\;l; Ph
ol ”ﬂ=< (R)-(EBTHI)Zr-binol
PCys Ph 10 mol%, ' H CHg
~ P 2 mol% @ EtMgClI J
XN
N CH,Cl, N THF
98% yield Ts 76% yield NHTs
1 2 3
>98% ee
One pot process (THF; 70 °C); 81% yield; >98% ee T
F"CY3
Cl-..
a—R= " CHa
b | ]
Y3 Ph -
N 2 mol%, THF;
O —_—
EtMgCl, OH
4 10 mol% (R)-(EBTHI)ZrCl, 5
73% yleld >99% ee
Scheme 2
TCys
Cl-.
~Ru=— Ph
Cl/llc\=<
ys Ph
2 mol%; .
A Y WS N ° »  mixture of products
6 CH,Cl,
TCY3
Cl-.
“Ru— Ph
o= “\:( (R)-(EBTHI)Zr-binol
PCys Ph 10 mol%,
2 mol% N EtMgClI
A Y e S N > >
Ts CH,Cl,, 45 °C N THF, 70 °C
68% yield Ts 77% yield
7 8 9
>98% ee

One pot process (CH2Cl,—THF; 45—70 °C); 54% yield; >98% ee

T

Data illustrated in Scheme 2 summarize the results of our cyclization. Subsequent treatment®fo the catalytic ethyl-
studies in connection with the synthesis and carbomag- magnesation conditions, described above, deli®ars >98%

nesation of the derived eight-membered heterocycles. U

nlike ee (judged byH NMR analysis of the derivedR)-MTPA ester)

the seven-membered-ring systems, construction of the derivedand 77% isolated yield. As before, metathesis and carbomag-
eight-membered ether proceeds inefficiently, as reported nesation of dien& can be carried out in the same reaction vessel

previously by Grubbs and co-worketsTreatment o6 with 2

mol % of the Ru catalyst in refluxing Gi€l, leads to the

formation of a variety of products' NMR analysis). In

contrast, the related tosyl amidé undergoes a facile intra-

molecular metathesis (reaction is complete within 30

at 45°C), affording8 in 68% yield after silica gel chromatog-
raphy1® This result is particularly worthy of note in light of

recent reports that, in catalytic metathesis reactions that

to eight-membered rings, the presence of rigid frameworks

plays a critical role in the efficiency of ring formati®s. It
is plausible that the presence of the sterically demandin

group has a favorable conformational efféobn the diene
substrate, leading to a significantly more facile catalytic

(9) (a) Miller, S. J.; Grubbs, R. Hl. Am. Chem. Sod995 117, 5855-
5856. (b) References 5 and 8 and references cited therein.

(10) Ru-catalyzed metathesis @fin THF as solvent (instead of GH
Clp) is notably less efficient; at 70C afte 2 h there is only 4650%
conversion, accompanied by the formation of various byproducts.

(Scheme 2).

Suitability of Tosyl Amides (vs Amines) as Carbomagne-
sation Substrates. In connection to the Zr-catalyzed carbo-
~magnesation of cyclic tosyl amides, a critical factor with regard
MIN o the facility of these &C-bond-forming reactions is that the
presence of the Ts unit is required. As shown in eq 1, whereas
the benzylamine an-alkylamine substrates are completely inert
leadig the carbomagnesation conditions, the corresponding tosyl
amide undergoes ethylmagnesation in good yield and excellent
enantioselectivity: ethylmagnesationt affords13 (eq 2) in
71% yield and 98% ee (judged by chiral HPLC analysis). It
merits mention that, with the more reactive five-membered-
ring substrates, the presence of the Ts group is not necessary;
as illustrated in eq 3, aming4 affords 15 in 75% yield and

gTs

(11) For a discussion of the Thorpéngold effect, see: Eliel, E. L.;
Wilen, S. H.; Mander, L. NStereochemistry of Organic Compoundéley-
Interscience: New York, 1994; pp 68584.
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>098% ee (judged biH NMR analysis of the derived§-MTPA presented below will hower indicate that, although structural

ester)l? models can, with reasonable fidelity, predict the sense of
absolute asymmetric induction, they fail in allowing one to infer
~ N EtMgCI which substrates can be resed more efficiently
O or O NO REACTION (1)
N ’i‘ 10 mol% (R)-(EBTHI)Zr-binol
Bn n-nonyl
10 1
@ EtMgC | | ,?Ha 72% yield
_— g >98% ee
$Js 10 mol% (R)-(EBTHI)Zr-binol NHTs
12 13
As illustrated in Table 1, when racemic unsaturated seven-
ma . membered etherks, 17, and19 (entries 1, 2, and 4) are treated
[ LSRN \ P 7o%e el (3) with 10 mol % of R)-(EBTHI)Zr-binol and 5 equiv of EtMgCl
':mn | 10 mol% (F-(EBTHZr-binol N nony) in THF, at 60% {£3%) conversion the unreacted starting
’ material is recovered with outstanding levels of enantiomeric
14 15 purity (>96% ee). However, these data indicate that, in contrast

to what simple modeld €111 , discussed above) would predict,

To determine the detailed mechanistic basis for the influence certain structural modifications can lead to the diminution of
of the functionalization state of the N-substitueM-Ts vs enantioselectivity in the catalytic resolution. Specifically, the
N-alkyl) on the efficiency of the carbomagnesation requires case in entry 3 of Table 1 illustrates that not all substitution
additional studies. However, we have established that the patterns are equally suitable for the Zr-catalyzed resolution
presence of an 6|ectr0n'WithdraWing substituent facilitates the protocoL Cyc|ohexy|_substituted oxep'[ts is resolved less
formation of the intermediate zirconacyclopentane. This may efficiently (>99% ee forl6 and17 vs 70% ee fol.8), indicating
be because the developing electron density at the carbon of thehat the presence of aa-branch in the C2 moiety can be
newly formed C-Zr bond can be better stabilized{&r formed detrimental to the success of the kinetic resolution process.
preferentiallyo to the C-N bond). Related arguments have  Asillustrated in Table 2, in a manner similar to that observed
been used by Jordan and co-workers to explain variations infor seven-membered heterocycles, we find that Zr-catakfzed
regiochemical control observed in insertions of various alkenes kinetic resolutions of 2-substituted dihydropyrans are sensitive
into CppZr(n>pyridyl)(L)* complexes?and previously we have o the steric bulk of the pendant alkyl group. As before, when
used similar paradigms as a predictive tool for the regiochemical the steric requirement of the substituent increaseRr((22) —
outcome of the addition of zirconocenalkene complexes with  j_By (24) — cyclohexyl 6)), resolution occurs more slowly
allylic alkoxides and ethers. The present proposal is not in  and less efficiently. Thus, unlike what simple modélsi(l )
contrast to our preViOUS mechanistic StUdieS, where the SUbsewou|d predict, with 2-substituted pyrans, as the steric require_
quent step involving Z+Mg ligand exchange (cleavage of the  ments of the alkyl moiety increase, the rate difference between
metallacycle intermediate) has been suggested to be turnovegarbomagnesations of the two enantiomerdiisinished” (cf.
limiting: with six-membered unsaturated alkylaminesy( 10 entries in Table 2kastksiow = >20, 17, and 7, respectivelys.
or 11) the addition process may be sufficiently slow so as to . — . .
emerge a5 the rate-determining step of the cataly cycle. . ()L e EYEn SLTete esoluton, see: (o) Keuan, . 8 P 2
Nonetheless, although various data indicated above and the lacknetic resolution, see: (b) Finn, M. G.; Sharpless, K. BAsymmetric
of reactivity of simple cyclic alkenes are conveniently rational- SynthesisMorrison, J. D., Ed.; Academic Press: New York, 1985; pp-247

i i i 08. (c) Gao, Y.; Hanson, R. M,; Klunder, J. M.; Ko, S. Y.; Masamune,
ized by the proposed paradigm, the present available data doa; Sharpless, K. BJ. Am. Ghem. S00987 103 5765-5780. (d) Hayashi,

not Unequlivoca"y rule out the pOSS|b|I|ty that the effect of the T.; Yamamoto, MChem. Lett1987 177-180. (e) Carlier, P. R.; Mungall,
Ts group is to facilitate the 2rMg ligand exchange process W. S.; Shroder, G.; Sharpless, K. 8. Am. Chem. S0d.988 110, 2978~

(lowering the activation barrier to the turnover-limiting metal- 2979. (f) Kitamura, M.; Kasahara, I.; Manabe, K.; Noyori, R.; Takaya, H.
J. Org. Chem1988 53, 708-710. (g) VanNieuwenhze, M. S.; Sharpless,

lacyclopentane cleavage step). _ K. B. J. Am. Chem. Sot993 115 7864-7865. (h) Faller, J. W.; Tokunaga,
Zr-Catalyzed Kinetic Resolution of Unsaturated Medium- M. Tetrahedron Lett1993 34, 7359-7362. (i) Rein, T.; Kann, N.; Kreuder,
Ring Heterocycles!® The outcome of enantioselective-C- R.; Gangloff, B.; Reiser, OAngew. Chem., Int. Ed. Engl994 33, 556

RN ; ; 58. (j) Martin, S. F.; Spaller, M. R.; Liras, S.; Hartmann,JBAm. Chem.
bond formation in asymmetric carbomagnesations, such as thos 0c.1994 116 4493-4494. (K) Viso, A Lee. N. E.; Buchwald, S. L.

illustrated in Schemes 1 and 2, can be rationalized through am. chem. Sod.994 116 9373-9374. (1) Vander Velde, S. L.; Jacobsen,
preferential catalystsubstrate associatidn The alternative E. N.J. Org. Chem1995 60, 5380-5381. (m) Noyori, R.; Tokunaga, M.;

modesll andlll are expected to suffer from unfavorable steric Kitamura, M.Bull. Chem. Soc. Jpri995 68, 36-56. For recent advances
in noncatalytic kinetic resolution, see: (n) Naruse, Y.; Esaki, T.; Yamamoto,

interactions. The proposed mode of catafygibstrate associa- Tetrahedron Lett1988 29, 1417-1420. (0) Brunner, H.; Schiessling,
tion and the observed levels of enantioselection imply tight H. Angew. Chem., Int. Ed. Engl994 33, 125-126. (p) Rein, T.; Kann,
substrate-catalyst binding. These principles woudd priori N.; Kreuder, R.; Gangloff, B.; Reiser, GAngew. Chem., Int. Ed. Engl.

suggest that, if formation of the intermediate zirconacyclopen- ﬁgéﬁfg %)Sgs'd(]?])o\\fgffjss’ %;.%ﬂhcel_%r;géf mr Ehggj'aigﬁ“sgs ﬂélrg

tane is the stereochemistry-determining event, appreciablechem.1996 61, 1194-1195.
differential rates of reaction between the two enantiomers should (16) Reactions illustrated in Table 2 and Scheme 3 were carried out with

; ; inati ; i ; the R)-(EBTHI)ZrCl, as catalyst (instead of the binol derivative used in
give rise to useful levels of kinetic resolution. Initially, it would Table 1 and Schemes 1 and 2), We have not found any notable differences

be expected that as the size of the ligand (L) increases, morey, gither the yield or the ee of the reaction when the two chiral complexes
efficient levels of kinetic resolution are observedata are used as precatalyst; however, use of the binol derivative is more
convenient, as two steps in catalyst preparation are obviated (see ref 6).
(12) This experiment was carried out by Dr. James P. Morken of these  (17) Molecular models indicate that reaction throdgiay require the
laboratories. pyran to adopt a boat conformation to avoid unfavorable substcattalyst
(13) Guram, A. S.; Jordan, R. Brganometallics1991, 10, 3470-3479. propinquity. Associated torsional interactions, involving the alkyl substituent,
(14) Houri, A. F.; Didiuk, M. T.; Xu, Z.-M.; Horan, N. R.; Hoveyda, A. may be exacerbated with larger moieties, disfavoring mloifethe latter
H. J. Am. Chem. S0d.993 115 6614-6624. (b) References 2 and 3. instance.
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Table 1. Zirconocene-Catalyzed Kinetic Resolution of 2-Substituted Medium Ring Ethers
inn D c
b conversion ti unreacted subs.
entry substrate (%) ime config., ee (%)

1 58 40 min R, >99
(0]
1
(0]

A\

6 Me
A Me

2 58 30 min R, >99
Me

7
N

(o}

1

3 QO 60 90 min R, 70

18
N
4 o oTBS 63 100 min R, 96
19

O
60 8 hr R, 60
(0] Me
20
6 | 63 11 hr R, 79
o Me
21
aConditions: 10 mol % ofR)-(EBTHI)Zr-binol, 5.0 equiv of EtMgCI, THF, 70C. ® Conversions determined by GLC analysis in comparison
with an internal standard, by analysis®ef NMR spectrum of the reaction mixture, and through isolation (silica gel chromatografyantiomeric

excess of recovered starting materials determined by GLC through comparison with authentic materials (eAfrBETA-DEX 120 chiral
column by Supelcol9 was first converted to its derived alcohol; entries 5 and 6, CHIRALDEX-GTA chiral column by Alltech).

In connection with this trend, in reactions represented in Table metallacyclopentane that is the product-determining step: met-
2, with larger substituents, the carbometalation product is formed allacyclopentane formation may well be highly reversible,
with lower levels of enantioselectiolf. These observations are  rendering the addition events represented-bifl unimportant.
mechanistically informative, as they suggest that with (EBTHI)- In such a case, the metallacycle derived from mitidealthough

Zr as catalyst, slow enantiomers &){22—26 react increasingly less favored, could undergo cleavage significantly faster than
through addition moddl , notll. This is because, although that originated froml (rate difference dependent on the C2
zirconacyclopentanes resulting from addition rouitesnd II substituent), presumably because a more significant amount of
are dia}StereomeriC' after e."mina.tion of the metal al.kOXide and (20) As illustrated below, modes of additiorand!l eventually afford
formation of the product disubstituted alkene, the final carbo- " same product enantiomer, whereas reaction thrauigeads to the

magnesation products are identical (both enantiomers afford theformation of the opposite antipode. Thus, the product ee is a direct indication

trans-alkene product exclusivelys. of the extent to which asymmetric carbomagnesation proceeds thibugh

e The fact that both substrate enantiomers afford trans olefin isomers indicates
Pathways for catalystsubstrate association represented by that (i) the zirconacyclopentane does not simultaneously ungergetal

I =l imply that as the size of the alkyl substituent increases, alkoxide elimination (otherwis&/ would afford the cis product) and (ii)
reaction of the matched enantiomer througkhould remain the intermediatg@-alkoxymagnesium (product of Mg ligand exchange)
unaffected. However, experimental data summarized in Scheme“Ndergoes rapid inversion prior to elimination.

3 indicate that this is not the case: bulkier substituents do not =/ - R
necessarily allow for greater differential rates of carbomagne- 7N S
sation, since not only is the rate of reaction of the mismatched :\/(o} :\“ 2
. . . t
enantiomer retarded (compare reaction [gf-28 with (R)-26 : w° IR
. . A R
in Scheme 3), but the matched isomer reacts more sluggishly ﬁ'y T ﬁ
as well (compare reaction of)-26 with reaction of §)-28). I <
It may be proposed that, as suggested by the mechanistic &j %
studies on related systerst is the cleavage of the intermediate % Y
I v
(18) Relative rates were calculated by an equation reported previously.
See refs 15a,b. /?09 \Z@ 2
(19) Control experiments indicate that in the absence of (EBTHIZrCl Q(k = H — HJ:§§
(at 70°C) there is little reaction and there 5% decomposition of the HO
starting materials. Thus, the observed products (cf. Table 2) are derived m VI

solely from the metal-catalyzed carbomagnesation reactio22-626.
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Scheme 3
Et Et
10 mol% 10 mol%
(j (R-(EBTHI)ZICl, | \ (R-(EBTHIZICl, |
o7 h" EtMgClI OH - EtMgCl OH
Me Me
(S)-26 (R)-27 (S)-28 (R)-29
83% conversion, 3 h 98% conversion, 1 h
92% ee >95% ee
Et Et
10 mol% i 10 mol%
(R)-(EBTHIZCl, | (R)-(EBTHI)ZrCl, |
—_— —_—
EtMgClI OH EtMgClI OH
Me
(S)-27 (+)-29
10% conversion, 6 h 20% conversion, 2.5 h
33% ee 0% ee

steric strain would be relieved through cleavage of a metalla- Eﬁt&)llnetig'selzei(gfisgoétin?r-n%atr?gszaet%rlfigfeﬂ(;]SF{a?LSJ?all{Iggrlgapadns
cyclopentane that originates from mode of additldn Re- yimag y

gardless of such mechanistic intricacies, the enantioselectivity substrate recovered ee (%)° productb ee (%)°
trends obtained in these studies underline a major pathway substrate

through which the slow heterocycle enantiomer evades complete =

recovery. These data offer critical insight with regard to possible A h\/\
alteration of catalyst ligand structure, so that with substrates Q\AMe |\/Oj\/\Me >99 Ho | Ve 94
such a6, which have bulky substituents, more effective kinetic

resolution can be achieved. Specifically, with substrates that (£)-22 (R)-22 (R)-23

bear a bulky group at C2, ligand structure must be modified to Et

disallow entirely mode of additiofil . Only two competing N e S Mo
reaction pathways involvingandll would then be operative, (h m % | 87
where, as our data indicate, there should be a significant © Me O Me HO Me
preference fott .2t (+)-24 (R)-24 (R)-25

Several other issues with regard to the data presented in Table
1 merit additional comment: N

(1) Although silyl etherl9 is a suitable substrate for the |
zirconocene-catalyzed resolution, the corresponding alcohol (or "0 o 8 o 74
magnesium alkoxide) or benzyl ether derivatives are not. This
is because both of the aforementioned substrates react with (+)-26
EtMgCl to afford the carbomagnesation product in the absence
of the transition-metal catalyst. For example, the primary  2Conditions as reported for Table 1, except tiR):(EBTHI)ZrCl,
alcohol precursor tal9 reacts with EtMgCI to afford the  was used as precatalyst. All data obtained at 6&%#%) conversion;
corresponding alkylation product in 86% yield after silica gel Mass recovery>90% in all cases Conversions and identity of

. recovered starting materials and products determined as described in

chromat_ography. Whe_ther the presence of the p_”mary h_ydroxy Table 1.¢ Enantiomeric excesses for recovered substrates and products
group directs the addition of the alkylmagnesium halide or determined by chiral GLC (BETA-DEX 120 column by Supelco) in
chelation of the side chain alkoxide and the ring oxygen with comparison with an authentic enantiomer and racemic material; ee of
Mg salts leads to activation of the resident alkene toward 24 was determined by analysis of its derived epoxide; e@was
nucleophilic attack is unclear and must await future studies. Stablished by analysis of the deriveg)-MTPA ester.

(2) Comparison of the data shown in entries 1 and 5 of Table ang heterocycles. As detailed in the Experimental Secéian (
1 indicates that the presence of an aromatic substituent can have;ndem metathesis/carbomagnesatiorl of 3), these trans-
an adverse influence on the outcome of the catalytic resolution. formations can be readily carried out on a synthetically useful
That the eight-membered-ring substr@eis resolved more  (grams) scale. Importantly, data derived from asymmetric
efficiently may imply that the origin of the adverse influence  carhomagnesation of a range of heterocycle substrates indicate
is due more to conformational preferences of the heterocycle 5t enantioselectivity in the €C bond-forming process
than to the attendant electronic factors (a phenoxy group is agepends on subtle structural variations: simple steric arguments
better leaving group that an alkoxy unit). alone may not account for the observed selectivity patterns.
Further studies in the area of asymmetric catalytic carbomag-
nesation continue in these laboratories.

Et

(R)-26 (R)-27

Conclusions

Studies reported herein demonstrate that asymmetric catalytic ) _
ethylmagnesation of seven- and eight-membered-ring oxygen-Experimental Section
containing heterocycles may be used as a convenient and General. Infrared (IR) spectra were recorded on a Perkin-Elmer
efficient route to a variety of nonracemic unsaturated alcohols 781 spectrophotometer,ain cm-t. Bands are characterized as broad
- - - — br), strong (s), medium (m), and weak (W)H NMR spectra were
(21) If reaction throughll were mainly responsible for inefficient ( : : .
resolution, product ee’s would not suffer as observed. Particularly with larger "€corded on a Varian Unity 300 (300 MHz) or Varian GN-400 (400

alkyl units at C2, addition through mode represents the minor pathway =~ MHz). Chemical shifts are reported in parts per million from
(Scheme 3). tetramethylsilane with the solvent resonance as the internal standard
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(CHCl: 6 7.26). Data are reported as follows: chemical shift,
integration, multiplicity (s= singlet, d= doublet, t= triplet, g =
quartet, br= broad, m= multiplet), coupling constants (Hz), and
assignment.*C NMR spectra were recorded on a Varian Unity 300
(75 MHz) or Varian GN-400 (100 MHz) with complete proton
decoupling. Chemical shifts are reported in parts per million from
tetramethylsilane with the solvent as the internal reference (€DEI
77.0 ppm). An Alltech Associates DB-1 capillary column (30>m

Visser et al.

mg (2.52 mmol) of3 (67% yield). Comparison (400 MHH NMR)

of the derived R)-MTPA ester to that from the racemic mixture and
the authentic material, prepared by the procedure shown below,
indicated>98% enantiomeric excess (minor enantiomer could not be
detected). IR (KBr): 3265 (br), 2925 (s), 2850 (s), 1591 (s), 1459
(m), 1418 (m), 1326 (s), 1159 (s), 1095 (m) m *H NMR: ¢ 7.75

(2H, d,J = 8.3 Hz, aromatic CH), 7.31 (2H, d,= 8.0 Hz, aromatic
CH), 5.44-5.35 (1H, dddJ = 17.1, 10.3, 8.9 Hz, vinyl CH), 4.96

0.32 mm) was used to determine conversions. Enantiomer ratios were4.92 (1H, dd,J = 10.2, 2 Hz, vinyl CH), 4.96-4.85 (1H, dd,J =

determined by GLC with either a BETA-DEX 120 (30 m0.25 mm)
chiral column by Supelco or a CHIRALDEX GTA (2@ 0.25 mm)
chiral column by Alltech Assoc., Inc. Microanalyses were performed
by Robertson Microlit Laboratories (Madison, NJ).

All reactions were conducted in oven-dried (135) and flame-

17.1, 2 Hz, vinyl CH), 4.34 (1H, t) = 6.0 Hz, NH), 2.95-2.88 (2H,
ddd,J=13.3, 6.6, 1.6 Hz, ECCH,NTSs), 2.40 (3H, s, Ar€l3), 1.79—

1.70 (1H, m, aliphatic CH), 1.481.11 (6H, m, aliphatic Chj, 0.81
(3H,t,J=7.4 Hz, CHCHgz). 3C NMR: 0 144.0, 143.0, 137.8, 130.3,
127.8,115.5, 46.1, 44.0, 32.1, 28.4, 28.0, 22.2, 12.2. Anal. Calcd for

dried glassware under an inert atmosphere of dry argon. Tetrahydro-c, 41..NO,S: C, 64.02: H, 8.23. Found: C, 64.20: H, 8.37.

furan was distilled from sodium metal/benzophenone ketyl. Ethyl-
magnesium chloride was prepared from ethyl chloride and Mg
(turnings), which were purchased from Aldrich and used without further
purification. R)-(EBTHI)Zr-binol was prepared and resolved by the
published method%.Nonracemic (EBTHI)ZrGland (EBTHI)Zr-binol
were stored under argon in a glovebox. (B@9.Ru=CHCH=CPh
was prepared by the method of GruBibs.

Representative Experimental Procedure for the Zirconium-
Catalyzed Kinetic Resolution. A 5.0 mL flame-dried flask with side-
arm Teflon stopcock was charged with 100.0 mg (0.55 mmol)6f

(R)-4-Ethyl-5-hexen-1-ol (5) IR (KBr): 3357 (br, s), 3076 (m),
2975 (s), 2892 (s), 1640 (m), 1461 (s), 1455 (w), 1420 (m), 1059 (s),
910 (s) cn®. *H NMR: ¢ 5.50 (1H, dt,J = 16.9, 8.9, vinyl CH),
4.96 (1H, m, vinyl CH), 3.63 (1H, s, ®), 3.61 (2H, t,J = 6.2 Hz,
CH,CH,0OH), 1.85 (1H, m, allylic CH), 1.681.20 (6H, m, aliphatic
CH), 0.84 (3H, tJ = 7.4 Hz, CHCH3). °C NMR: ¢ 142.8, 114.5,
63.1, 45.6, 30.6, 30.5, 27.7, 11.5. Anal. Calcd fgHGO: C, 74.94;

H, 12.58. Found: C, 74.63; H, 12.29.

(R)-N-Tosyl-1,2,5,6,7,8-hexahydroazocine (8). Procedure for Ru-

30.0 mg of tetradecane (internal standard), 1.03 mL of THF, and 1.72 Catalyzed Diene Metathesis. Diene 7 (300 mg, 1.02 mmol) was

mL of freshly prepared EtMgCI (1.60 mmol). A 50 t, aliquot
was subsequently removed and quenched with moi€l Ehe mixture
was diluted with water and washed with two 1.0 mL portions @Ot
Filtration of the aliquot through a small plug-800 mg) of silica gel
followed by washing of the silica with a 0.5 mL portion of Bt
provided a sample suitable for GLC analysis. The precatafst (
(EBTHI)Zr-binol was added (35.2 mg, 5.6 102 mmol). The flask
was first equipped with a flame-dried reflux condenser, which was
lowered into a 70°C oil bath. The reaction mixture was stirred at 70
°C for approximately 30 min, at which time GLC analysis indicated

dissolved in 102 mL of anhydrous GEl, (under Ar atmosphere), and

to this mixture was added in one portion 56 mg (0.06 mmol) of gpcy
Cl,Ru=CHCH=CPh. The reaction mixture was stirred at 46 for

30 min, after which solvent was removéd vacua Purification of

the resulting dark brown oil by silica gel chromatography (9:1 hexanes/
EtOAc) afforded8 (183 mg, 0.69 mmol; 68% yield) as a colorless
crystalline solid. IR (KBr): 3008 (br), 2920 (s), 2855 (s), 1598 (w),
1434 (br), 1328 (s) cm®. *H NMR: ¢ 7.66 (2H, d,J = 8.3 Hz,
aromatic H), 7.29 (2H, d] = 8.4 Hz, aromatic CH), 5.78 (1H, di,=
11.1, 8.2 Hz, vinyl CH), 5.40 (1H, dfj = 11.1, 5.6 Hz, vinyl CH),

that the reaction had reached 55% conversion. The reaction mixture3.80 (2H, d,J = 5.7 Hz, G=CHCH,NTs), 3.28 (2H, tJ = 5.3 Hz,

was cooled to OC in an ice bath, and excess EtMgCIl was quenched
by the dropwise addition of a 2.0 mL portion of a 1.0 M solution of
aqueous HCI. The mixture was diluted with 15 mL of distillegCH
and washed with 3« 25 mL of EtO. The combined organic layers
were dried over MgSe) filtered, and concentratad vacuoto yield a
pale yellow oil. Silica gel chromatography with 200:1 hexanes/EtOAc
afforded 42.8 mg (0.23 mmol) of recover&fl (96% yield based on %
converion; 50% is maximum yield in a resolution).
N-Tosyl-1,5,6,7-tetrahydro-H-azepine (2). IR (KBr): 3023 (m),
2927 (s), 2838 (m), 1592 (s), 1442 (s), 1323 (s), 1156 (s)'cmH
NMR: 6 7.67 (2H, d,J = 8.3 Hz, aromatic CH), 7.28 (2H, d,= 8.1
Hz, aromatic CH), 5.76 (1H, dtt] = 10.9, 5.4, 1.3 Hz, vinyl CH),
5.65 (1H, dttJ = 10.9, 5.0, 1.6 Hz, vinyl CH), 3.82 (2H, m, GBH,-
NTs), 3.38 (2H, dd (apparent tJ = 6.1 Hz, CG=CHCH,NTS),
2.45 (3H, s, ArCH), 2.18 (2H, m, HE&=CHCH,), 1.79 (2H, m,
HC=CHCH,CH,). *C NMR: ¢ 143.6, 137.2, 137.1, 133.5, 130.2,
127.9, 127.3, 50.3, 47.1, 27.5, 22.1. Anal. Calcd fagHz/NO,S:
C, 62.12; H, 6.81. Found: C, 62.31; H, 6.86.
(R)-4-Ethyl-N-tosyl-5-hexene-1-sulfonamide (3). Procedure for
One-Pot Tandem Metathesis/CarbomagnesationDienel (1.05 g,
3.76 mmol) was dissolved in 19.0 mL of anhydrous THF, and 69.0
mg (0.07 mmol) of (PCy.Cl,Ru=CHCH=CPh was added to the

CH)NTSs), 2.42 (3H, s, ArCh), 2.38 (2H, m, G=CHCH,), 1.67 (2H,

m, aliphatic CH), 1.55 (2H, aliphatic Cp). 3C NMR: 143.7, 143.4,
132.8, 130.3, 127.8, 125.5, 48.5, 46.5, 27.3, 26.3, 25.3, 22.2. Anal.
Calcd for G4H10NO,S: C, 63.36; H, 7.21; N, 5.28. Found: C, 63.87;
H, 7.25; N, 5.02.

(R)-5-Ethyl-N-tosyl-6-heptene-1-sulfonamide (9). Procedure for
One-Pot Tandem Metathesis/Carbomagnesation with Two Different
Solvent Systems.Diene7 (100 mg, 0.34 mmol) was dissolved in 34.0
mL of anhydrous CHCI, (under Ar atmosphere), and 19.0 mg (0.02
mmol) of (PCy).Cl,Ru=CHCH=CPh was added to this solution (one
portion). The reaction vessel was placed in an oil bath heated to 45
°C, and the mixture was stirred at this temperature for 30 min. At this
point TLC analysis (5:1 hexanes/EtOAR(sm) = 0.66, R(prod) =
0.53) indicated complete consumption of the diene. The reaction
mixture was allowed to cool to 22C, and solvent was removed
vacua The dark brown residue was then dissolved in 0.70 mL of THF.
Subsequently, EtMgCI (1.70 mmol) ar®)¢(EBTHI)Zr-binol (21.0 mg,
0.03 mmol) were added and the reaction mixture was placed in an oil
bath maintained at 70C. The mixture was stirred for 3 h, after which
the reaction mixture was cooled to 22 and the reaction was quenched
by addition of water (0.20 mL) and 10.0 mL of a saturated solution of

solution as a single portion. The reaction flask was submerged in an NH4Cl. Aqueous extraction (ED), drying of the organic layers over

oil bath heated to 70C; the reaction mixture was stirred at this
temperature for approximately 90 min, at which time TLC analysis

anhydrous MgS@ and removal of solvent under reduced pressure left
behind a brown oil. Silica gel chromatography (9:1 hexanes/EtOAc)

indicated complete consumption of the starting material (3:1 hexanes/ afforded 54.0 mg (0.18 mmol) o (54% yield). Comparison (400

EtOAC; R(1) = 0.62,R(2) = 0.52). The mixture was then cooled to
22 °C and charged with EtMgCI (18.8 mmol) anR){(EBTHI)Zr-
binol (241 mg, 0.37 mmol). The resulting red solution was stirred at
70 °C for 2 h, after which the mixture was chilled to°@ and the

MHz *H NMR) of the derived R)-MTPA ester to that from the racemic
mixture and the authentic material, prepared by the procedure shown
below, indicated>98% enantiomeric excess (minor enantiomer could
not be detected). IR (KBr): 3281 (br), 2957 (m), 2924 (s), 2857 (d),

reaction was quenched upon addition of 20.0 mL of water and 40.0 1597 (w), 1458 (m), 1419 (m), 1324 (s), 1157 (s), 1095 (sy'ciH

mL of a saturated solution of Ni@I. Aqueous extraction (ED), drying

of the organic layers over anhydrous MgS@nd removal of solvent
under reduced pressure left behind a brown-black oil. Silica gel
chromatography (15:1 followed by 9:1 hexanes/EtOAc) afforded 709

NMR: 6 7.75 (2H, dJ = 8.3 Hz, aromatic CH), 7.31 (2H, d,= 8.4
Hz, aromatic CH), 5.45 (1H, ddd,= 17.1, 10.2, 8.9 Hz, vinyl CH),
4.94 (1H, ddJ = 17.2, 1.9 Hz, vinyl CH), 4.86 (1H, dd,= 10.2, 2.0
Hz, vinyl CH), 4.43 (1H, tJ = 6.0 Hz, NH), 2.94-2.88 (2H, q,J =
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6.8 Hz, G=CCH,NTs), 2.42 (3H, s, ArCh), 1.82-1.11 (8H, m,
aliphatic CH), 0.82 (3H, tJ = 7.4 Hz, CHCH3). *C NMR: 6 143.9,
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(R)-2-((tert-Butyldimethylsiloxy)methyl)-2,5,6,7-tetrahydroox-
epin (19). IR (KBr): 3007 (w), 2923 (m), 2845 (s), 1465 (m), 1250

143.4, 137.8, 130.3, 127.8, 115.1, 46.3, 43.9, 34.6, 30.3, 28.3, 24.8,(s), 1118 (s), 801 (s), 778 (s) cth*H NMR: 6 5.90-5.83 (1H, ddd,

22.2,12.2. Anal. Calcd for gH2sNO,S: C, 65.04; H, 8.53; N, 4.74.
Found: C, 65.25; H, 8.37; N, 4.47.

Synthesis of authentic material
Et

(R)-(EBTHI)Zr-binol
@ 10 mol% |
_ oo
o EtMgCl, 70 °C OH

(R)-3-Ethyl-N-tosyl-4-pentene-1-sulfonamide (13) IR (KBr): 3283

1. PPhg, I, EtsN
R b

2. t-BuLi, -78 °C;

Ts

A , 1 equiv Cul

(br), 3072 (W), 2965 (s), 2925 (s), 2874 (s), 1602 (m), 1423 (m), 1324

(w), 1156 (s) cm®. H NMR: ¢ 7.73 (2H, m, aromatic CH), 7.28
(2H, m, aromatic CH), 5.39 (1H, ddd,= 17.1, 10.0, 9.0 Hz, vinylic

CH), 4.87 (1H, m, vinylic CH), 2.95 (2H, m, CHNHTS), 2.45 (3H, s,

benzylic CH;), 1.86 (1H, m, allylic CH), 1.66-1.10 (4H, m, aliphatic

CH), 0.77 (3H, tJ = 7.3 Hz, CHCHjs). Anal. Calcd for G4H2:0,-

NS: C, 62.89; H, 7.92; N, 5.24. Found: C, 63.10; H, 8.01, N, 5.13.

((R)-2-Ethyl-3-buten-1-yl)-n-nonylamine (15). IR (KBr): 2960 (s,
br), 1640 (w) cm?; *H NMR: ¢ 5.48 (1H, dt,J = 18.0, 10.9 Hz,
vinyl CH), 5.03 (2H, m, vinyl CH), 2.95 (4H, m, Gi,N), 2.08 (1H,
m, CHCHN), 1.45-1.18 (21H, mn-alkyl CH and G4,CHj), 0.84 (6H,
t,J=7.1 Hz, CHCHCH; and (CH)sCHz). *C NMR: ¢ 141.4,116.0,

J=11.2, 5.4, 2.4 Hz, vinylic CH), 5.676.62 (1H, ddtJ = 11.3, 2.9,
1.4 Hz, vinyl CH), 4.15-4.00 (2H, m, (CH),SiCH,CHO), 3.75-3.67
(2H, m, CHCH,0), 3.55 (1H, ddJ = 10.2 Hz, CHCHOCH,), 2.43—
2.32 (1H, m, allylic CH), 2.252.15 (1H, m, allylic CH), 1.921.72
(2H, m, aliphatic CH), 0.84 (9H, s, (€3)sCSi(CHs)2), 0.07 (6H, s,
(CH3)3CSi(CHz)2). °C NMR: 6 133.1, 132.0, 79.2, 72.1, 66.7, 29.75,
27.8, 26.5, 19.0,-4.5, —4.6.

(R)-2-Propyl-2,5-dihydro-1-benzoxepin (20).IR (KBr): 3052 (w),
2959 (s), 2932 (m), 2872 (m), 1488 (s), 1455 (m), 1237 (s)'cAtd
NMR: 6 7.17-6.96 (4H, m, aromatic), 5.81 (1H, m, vinyl CH), 5.38
(1H, dt,J = 11.7, 2.0 Hz, vinyl CH), 4.40 (1H, m, G@(CH,),CHs),
3.78 (1H, ddJ = 16.8, 2.9 Hz, benzylic CH), 3.10 (1H, dd= 16.9,
7.3 Hz, benzylic CH), 1.791.54 (4H, m, aliphatic CH), 0.97 (3H, t,
J= 7.1 Hz, CH). 3%C NMR: ¢ 157.8, 136.0, 131.5, 128.6, 127.6,
125.8, 123.7, 121.9, 80.1, 38.2, 31.7, 18.9, 13.9. Anal. Calcd for
CisH160: C, 82.94; H, 8.57. Found: C, 82.72; H, 8.32.

(R)-2-Propyl-5,6-dihydro-2H-1-benzoxocin (21). IR (KBr): 3052
(w), 2952 (s), 2922 (s), 2861 (w), 1577.7 (w), 1491 (s), 1446 (m),
1213 (s), 1097 (s) cmt. *H NMR: 6 7.20-6.90 (4H, m, aromatic
CH), 5.69 (1H, dtJ = 11.0, 7.8 Hz, vinyl CH), 5.35 (1H, ddd}, =
10.9, 3.5, 1.1 Hz, vinylic CH), 45 (1H, dt) = 7.6, 5.0 Hz,
CH=CHCH(n-Pr)OAr), 3.28 (1H, m, benzylic CH), 3.13 (1H, ddd,
=16.2, 6.1, 3.4 Hz, benzylic CH), 2.81 (1H, m, allylic CH), 2.25 (1H,
m, allylic CH), 1.94-1.5 (4H, m, aliphatic CH), 0.98 (3H, § = 7.0

53.8, 50.4, 46.2, 31.8, 30.1, 29.6, 29.2, 27.4, 25.7, 24.0, 22.6, 14.0,Hz, CHy). 13C NMR: ¢ 158.1, 134.1, 131.6, 131.4, 130.7, 127.8, 124.4,

11.5. HR CIMS GsHs:N + 1 requires 226.2535, found 226.2547.
Proof of Absolute Stereochemistry. The stereochemical identity
of secondary amin&5 was proved by conversion of enantiomerically

purei (prepared according to ref 15b) to this amine, in the manner

shown below.

Synthesis of authentic material

OH (n-nonyl)HN
Me 1. TsCl Me
~ 2. (n-nonyl)NH, ~x
i 130 °C 15

(R)-2-Hexyl-2,5,6,7-tetrahydrooxepin (16). IR (KBr): 3021 (w),
2968 (w), 2932 (s), 2871 (m), 1453 (m), 1146 (m), 1108 (m) &rtH
NMR: 6 5.80 (1H, ddtJ = 11.2, 5.4, 2.2 Hz, vinyl CH), 5.54 (1H, m,
vinyl CH), 4.03 (2H, m, CHCH,OCH), 3.67 (1H, m, ChHCH,OCH),
2.35 (1H, m, allylic CH), 2.22 (1H, m, allylic CH), 1.80 (2H, mHz-
CH,OCH), 1.6+1.26 (10H, m, aliphatic CH), 0.88 (3H, §,= 6.8
Hz, CH,CHs). 3C NMR: ¢ 135.2,131.8, 78.3, 71.6, 36.7, 32.1, 29.6,
29.5, 27.2, 25.8, 22.9, 14.3. Anal. Calcd fofl8,,0: C, 79.06; H,
12.16. Found: C, 78.78; H, 12.06.

Proof of Absolute Stereochemistry for Recovered 16.An
authentic sample of the nonracendis was synthesized by the Ru-

123.8, 85.1, 38.7, 33.2, 27.2, 19.9, 14.7. Anal. Calcd foHGO:
C, 83.12; H, 8.97. Found: C, 83.05; H, 9.14.

(R)-2-Propyl-5,6-dihydro-2H-pyran (22). IR (KBr): 3032 (w),
2959 (s), 2932 (s), 2973 (s), 2850 (m), 1710 (w), 1465 (m), 1185 (m),
1086 (s) cm®. H NMR: 6 5.79 (1H, m, vinylic CH), 5.60 (1H, m,
vinylic CH), 4.04 (1H, br m, CHCHOCH,), 3.94 (1H, ddd,) = 11.2,
7.1, 5.6 Hz, CHCH,OCH), 3.62 (1H, dtJ = 9.8, 3.7 Hz, CHCH--
OCH), 2.22 (1H, m, €l,0CH), 1.9 (1H, m, €&1,OCH), 1.4 (4H, br m,
CH3CH,CH,CH), 0.90 (3H, tJ = 7.1 Hz, (H3). **C NMR: ¢ 130.5,
124.4,73.6, 63.4, 37.5, 25.3, 18.4, 14.1. Anal. Calcd f$t,¢O: C,
76.14; H, 11.18. Found: C, 76.25; H, 11.07.

Proof of Absolute Stereochemistry for Recovered 22 An

authentic sample of the nonracemic starting material was prepared by

converting the requisite enantiomerically enriched (1:2) allylic alcohol
(prepared by Sharpless’s kinetic resolution proce#freo the corre-

sponding diene. Subsequent diene metathesis was performed according

to the procedure reported by GrubBb#\ similar procedure was carried
out for 24 and 26 (Table 2).
(R)-3-Ethyl-trans4-octen-1-ol (23%? IR (KBr): 3341 (br, s), 2956

(s), 2935 (s), 2873 (s), 1463 (s), 1378 (s), 1059 (s), 1021 (s), 969 (s)

cml H NMR: 6 5.40 (1H, dt,J = 15.1, 6.6 Hz, vinylic GICH,),
5.12 (1H, ddt,J = 15.1, 9.0, 1.2 Hz, vinylic @ICH), 3.63 (2H, m,
CH,0OH), 1.96 (3H, m, allylic &1 and allylic (Hy), 1.2—1.7 (6H, br
m, CH,CH,CH, and CHCH,CH), 0.88 (3H, tJ = 7.3 Hz, GH5), 0.84

catalyzed diene metathesis of the requisite diene, which was prepared3H, t,J = 7.3 Hz, (Hs). 13C NMR: 6 134.2, 131.0, 61.5, 41.7, 40.0,

from the corresponding optically enriched allylic alcohol. A similar
procedure was carried out fa8, 29, and21 (Table 1).
(R)-2-1sobutyl-2,5,6,7-tetrahydrooxepin (17) IR (KBr): 3018 (m),

2952 (s), 2929 (s), 2868 (m), 2841 (m), 1467 (m), 1139 (s), 1113 (s)

cm®. H NMR: 6 5.81 (1H, ddtJ = 11.1, 5.5, 2.3 Hz, vinyl CH),
5.52 (1H, m, vinyl CH), 4.06 (2H, m, Ci€H,OCH), 3.69 (1H, m,
CH,CH,OCH), 2.35 (1H, m, allylic CH), 2.23 (1H, m, allylic CH),
1.86-1.55 (4H, m, aliphatic CH), 1.26 (1H, m, GAHCH), 0.92 (3H,
d, J = 3.2 Hz, CHCHj3), 0.90 (3H, d,J = 3.0 Hz, CH). 3C NMR:

0 135.2, 131.6, 76.0, 71.4, 45.4, 29.2, 26.9, 24.5, 23.2, 22.0. Anal.

Calcd for GoH1¢0: C, 77.87; H, 11.76. Found: C, 78.10; H, 12.01.
(R)-2-Cyclohexyl-2,5,6,7-tetrahydrooxepin (18) IR (KBr): 3017
(w), 2929 (s), 2851 (s), 1450 (m), 1177 (s), 1144 (sy&mtH NMR:
0 5.86 (1H, ddtJ = 11.2, 5.4, 2.2 Hz, vinyl CH), 5.61 (1H, ddi,=
11.3, 2.9, 1.5 Hz, vinyl CH), 4.04 (1H, di,= 11.7, 6.1 Hz, CHCH,-
OCH), 3.79 (1H, m, CKCH,OCH), 3.64 (1H, m, CKCH,OCH), 2.39
(1H, m, allylic CH), 2.18 (1H, m, allylic CH), 1.850.98 (13H, m,
aliphatic CH). 3C NMR: ¢ 133.1, 131.8, 82.4, 71.2, 43.3, 29.0, 28.9,
28.0, 26.6, 26.5, 26.3. HRMS requires 180.1514, found 180.1512.

34.6, 28.4, 22.7, 13.6, 11.6. Anal. Calcd forl@,00: C, 76.86; H,
12.90. Found: C, 76.81; H, 12.87.
(R)-2-1sobutyl-5,6-dihydro-2H-pyran (24). IR (KBr): 2958 (s),
2924 (s), 2869 (m), 2360 (s), 2342 (m), 1088 (m)ém*H NMR: &
5.82 (1H, ddtJ = 10.2, 4.9, 2.0 Hz, vinylic ECHO), 5.62 (1H, dt,
J = 10.2 Hz, 1.7 Hz, vinylic GICH,), 4.13 (1H, m, allylic G10),
3.97 (1H, dddJ = 10.5, 4.9, 2.0 Hz, CkCH,0), 3.67 (1H, ddd)] =
11.2, 9.8, 4.2 Hz, CKCH,0), 2.30 (1H, m, allylic &,CH;0), 1.85
(2H, m, allylic CH,CH,O and CHCHCHj), 1.50 (1H, m, CHEI,CH),
1.25 (1H, m, CH®I,CH), 0.94 (3H, dJ = 1.2 Hz, (H3), 0.92 (3H, d,
J=1.2 Hz, H3). C NMR: 6 131.0, 124.2, 72.0, 63.3, 44.4, 31.6,
25.4,24.4,23.4,22.7,22.1,14.1. Anal. Calcd fgHGO: C, 77.09;
H, 11.50. Found: C, 77.18, H, 11.24.
(R)-3-Ethyl-7-methyl-trans-4-octen-1-ol (25). IR (KBr): 3330 (br,
m), 2957 (s), 2928 (s), 1463 (m), 1061 (m), 970 (m)ém'H NMR:
0 5.38 (1H, dt,J = 15.0, 7.1 Hz, vinylic G¢ICH,), 5.10 (1H, ddtJ =

(22) For proof of stereochemistry 82—25, see the supporting informa-
tion for ref la.
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15.0, 9.0, 1.2 Hz, vinylic €iICH), 3.62 (2H, br dtJ = 6.0, 6.0 Hz, (R)-3-Ethyl-trans-4-undecen-1-ol (29). IR (KBr): 3326 (br, s),
CH,0OH), 1.95 (1H, m, allylic &), 1.88 (2H, dd,J = 6.5, 6.5 Hz, 2957 (m), 2925 (s), 2872 (m), 2854 (m), 1460 (m), 1375 (w), 1059 (s)
allylic CHy), 1.2-1.7 (5H, br m, ®&,CH,OH, CHCH,, and CHCHCH), 1016 (w), 968 (s) cmt. H NMR: 6 5.41 (1H, dt,J = 15.4, 6.6 Hz,

0.87 (3H, d,J = 6.8 Hz, (H3), 0.84 (3H, d,J = 7.3 Hz, (Hj). °C vinyl CH), 5.13 (1H, ddtJ = 15.1, 10.2, 1.2 Hz, vinyl CH), 3.64 (2H,
NMR: ¢ 135.2, 130.0, 61.4, 42.0, 41.7, 38.0, 28.5, 22.3, 22.2, 11.7. m, CH,CH,OH), 1.97 (3H, m, allylic CH), 1.241.70 (12H, m, aliphatic
Anal. Calcd for GiH,,0: C, 77.58; H, 13.02. Found: C, 77.64; H, CH), 0.88 (3H, tJ=5.13 Hz, CH), 0.84 (3H, tJ = 7.3 Hz, CHCHy);
12.70. 13C NMR: 6 134.0, 131.3, 61.6, 41.8, 38.0, 32.5, 31.7, 29.6, 28.9,
(S)-2-Cyclohexyl-5,6-dihydro-2H-pyran (26). IR (KBr): 2924 (s), 28.5, 22.6, 14.0, 11.6. Anal. Calcd foi4,60: C, 78.72; H, 13.21.
2851 (s), 1450 (m), 1089 (s), cth H NMR: 6 5.85 (1H, m, vinyl Found: C, 78.76; H, 13.12.
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