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Abstract: The steric course of the first step of Pd(0)-catalyzed allylic substitution with stabilized C-nucleophiles
can be completely reversed by a suitably positioned coordinatiglg gfoup, resulting in an overall inversion

(1 — 4 — 5), as opposed to the normally observed retentbr~(2 — 3). Thus, on reaction with NaCH-
(COMe),, the allylic acetatelO, containing a phosphinous amide moiety, giddsas a result ofet.—inw.
pathway, wherea8, lacking the coordinating group, affords the “normiald.—inv. product23. The intermediate
n3-complex32, generated in the former reaction, has been characterizéd lapnd 3P NMR spectroscopy.
While this stereochemical control is highly successful with cyclic substrates, it does not operate in acyclic
series, as documented by the reactivity of #mi-configured 1,4-functionalized hexen#&d and 15, which

both give the product dhy.—inwv. pathway, i.e.35and36, respectively. Thayn<configured allylic substrates

21 and?22 exhibit the same pattern, irrespective of the presence of the coordinating neighboring group. The
lack of overriding control in the latter instances has been attributed to a rotation about@bdhd connecting

the coordinating group to the allylic system, which allows the precoordinated Pd(0) to approach the allylic
moiety from the face opposite to the leaving grodp {~ 41 — 42). Precoordination of the catalyst to the
PhP group is evidenced by substantial acceleration of the reaction in all cases studied. For the Ni(0)-catalyzed
reaction of the allylic methoxy derivatives with MeMgBr, precoordination proved to be the prerequisite for
the reaction to occursQ — 51 — 52); ret.—ret. pathway was observed.

Introduction Scheme 1

Palladium(0)-catalyzed allylic substitution is known to pro- — Nu _/N“
ceed vian3-complexe<2 that arise from allylic esters, such as v | T =
the acetatel (X = OAc), with inversion of configuration X : M 3
(Scheme 1}. The subsequent reaction@fvith malonate anions =/ M] 2 Nu ret.
and other stabilized C-nucleophiles again proceeds with inver- \ M
sion @ — 3),! giving overall retention. By contrast, organo- 1 ret. o Nu =1
metallics and nonstabilized nucleophiles react with retention in = inv. Nu

4 5

the second step2(— 5).12 The analogous molybdenum(0)-
catalyzed reaction with malonate-type nucleophiles also leads

to an overall retention of configuration However, the mech-
anism has been shown to involve double retentibr~(4 —
3)'4,5
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Although the Pd(0)-catalyzed reaction is dominated by
inversion in the first stepl(— 2), the retention pathwayl(—
4) is also knowrf.” In the two examples published to date,
this reversal was enforced by coordination of the catalyst to
the leaving group:” However, none of these approaches is
overwhelmingly practical, for in one casg; (X = PhbPCH,-
CO,) the retention pathway operates only if the normal route is
precluded (i.e., with sterically biased substrafeshereas the
other protocol requires allylic chlorideg1; X = CI), which
are generally less stable than the esters and more difficult to
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prepare stereostructurally puretHerein, we report on unprec-
edented methodology faitering the stereochemistry of the first
stepof the Pd(0)-catalyzed allylic substitutidry precoordina-
tion of the catalyst to a neighboring groupther than to the
leaving group.

Results and Discussion

Synthesis of Model Compounds.To examine the potential
steering effect of a neighboring group on the formation of the
n3-complex, we required 1,4-disubstituted olefins with one
substituent serving as a leaving group (AcO) and the other
capable of coordinating to the catalyst prior to the reaction. To
this end, we prepared thés-allylic acetate8aand8b (Scheme
2), using the Bekvall cis-chloroacetoxylation of 1,3-cyclo-
hexadiene and 1,3-cycloheptadiene, respectively-(7),%1°
followed by the (PBP)Pd-catalyzed replacement of the allylic
chlorine with benzylamine7— 8).11

We reasoned that appending a phosphine group to the nitrogen

atom might lead to precoordination of the catdlystand,
consequently, to altering the stereochemistry ofitheomplex

(8) In another example of formal retention, reported fIofX = CFs-
COy), the mechanism apparently involves the usual inversien2 followed
by thermodynamic equilibratio? — 4: Vitagliano, A.; Akermark, B.;
Hanson, SOrganometallics1991 10, 2592.
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4959. (b) Bakvall, J.-E.; Bystim, S. E.; Nordberg, R. El. Org. Chem.
1984 49, 4619. (c) Bakvall, J.-E.; Nystf, J.-E.; Nordberg, R. El. Am.
Chem. Socl985 107, 3676. (d) Bakvall, J.-E.; Nordberg, R. E.; Wilhelm,
D. J. Am. Chem. Sod985 107, 6892. For reviews, see: (e) 8evall,
J.-E.Acc. Chem. Re4.983 16, 335. (f) Backvall, J.-E.Pure Appl. Chem.
1992 64, 429; Pure Appl. Chem1996 68, 535. (g) Bakvall, J.-E.Acta
Chem. Scandl996 50, 661.

(20) (a) Nystion, J.-E.; Rein, T.; Bekvall, J.-E.Org. Synth.1989 67,
105. (b) Bekvall, J.-E.; Granberg, K. L.; Hopkins, R. Bcta Chem. Scand.
199Q 44, 492.

(11) While this work was in progress, ‘Bevall published the same
transformation in the cyclohexane seriga{> 8a): Gatti, R. G. P.; Carson,
A. L. E.; B&ckvall, J.-E.J. Chem. Soc., Perkin Trans.1B97 577.

(12) For reviews on steering the reagent/catalyst by a neighboring group,
see: (a) Hoveyda, A. H.; Evans, D. A.; Fu, G. Chem. Re. 1993 93,
1307. (b) Brown, J. MAngew. Chem., Int Ed. Engl987, 26, 190. See
also: (c) Crabtree, R. H.; Davis, M. W. Org. Chem1986 51, 2655. (d)
Burk, M. J.; McGrath, M. P.; Wheeler, R.; Crabtree, R.HHAm. Chem.
Soc.1988 110, 5034. For recent examples, see, e.g.: (ejdisky, P.J.
Chem. Soc., Perkin Trans.1994 1759 and references therein. (f) Breit,
B. J. Chem. Soc., Chem. Comm@897, 591. (g) Breit, BAngew. Chem.,
Int. Ed. 1997, 35, 2835.
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formation. The PjP derivativelOa, identified as a suitable
candidate, was prepared frd@a by reaction with P§PCI (EgN,
Et,0, reflux 18 h, 68%}):2 the homologuelOb was obtained

from 8b in a similar manner (85%).

For comparison, the

N-benzhydryl derivative®a and 9b (Bnh = Ph,CH), were
prepared fronBa and8b in 58% and 81% yield, respectively,
on reaction with PFCHBr and EgN in refluxing CH.Cl,. The

latter substituent can be assumed to have steric demands similar

to those of PEP but to lack its coordinating capability.
In addition to the cyclic derivativeSa, 9b, 10a and 10b,

acyclic model compounds were also synthesized (Schemes 3

and 4) to explore the scope of this methodology. ThEZ)¢

hexa-2,4-dienel(l) was stereospecifically functionalized under
the Bakvall condition81°to afford theanti-chloroacetaté 2°:10

(Scheme 3), which was converted into the benzylamine deriva-
tive 13 (84%) by Pd(0)-catalyzed reaction with Ph&MHH..
Reaction of the latter product with FBHBr (EtN, CH,Cl,,
reflux, 44 h) afforded théN-benzhydryl derivativel4 (53%),

(13) All yields refer to “isolated” yields.
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Scheme 8
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whereas treatment with BPCI (EgN, ELO, reflux, 18 h)
furnished the desired phosphinous amide(68%).

The syndiastereoisomeric series could be analogously pre-
pared from E,E)-hexa-2,4-dien&1%14 However, this diene is
no longer commercially available and would have to be

synthesized, so, for practical reasons, we selected the lesdnterestingly,

volatile (E,E)-diene 18> (Scheme 4) as the starting material.
The latter diene was readily obtained from 1-hexyne via
alumination with DIBAH (hexane, 40C, 16 h), followed by
the CuCl-mediated dimerizatiéhin THF at room temperature
for 4 h (16 — 17— 18). Backvall functionalizatio®1° of the
resulting dienel8 readily afforded thesynchloroacetatel9
(21% overall from16),X” which was then converted into the
requiredN-benzhydryl andN-phosphinous derivativel (48%)
and 22 (50%) via the amin&0 in the same manner as shown
for the previous series.

Palladium(0)-Catalyzed Allylic Substitution in the Cy-
cloalkane Series. As expected, th&-benzhydryl derivatives
9a and 9b reacted with NaCH(CeMe), in the presence of
(PhsP)uPd (7 mol %) at reflux in THF for 22 h to give rise to
the cis-derivatives23a (73%) and23b (66%), respectively
(Scheme 52 By contrast, treatment of the phosphinous amide
10awith NaCH(CQMe), and (PBRP}Pd (7 mol %) in THF at
room temperature for 22 h furnished ttrans-derivative 24a
(76%); no trace of its epimer was detected {byNMR of the
crude product). The homologu®b followed the same pattern,
giving exclusively24b (62%) at room temperature. In addition
to the 2D-NMR data for24a and 24b, which were fully

(14) The Mitsunobu reaction using the alcohol obtained on saponification
of either acetat@3 or 14 failed to produce the requiresynepimer, giving
mainly elimination products.

(15) Yamamoto, Y.; Yatagai, H.; Maruyama, K.; Sonoda, A.; Murahashi,
S.J. Am. Chem. S0d.977, 99, 5652.

(16) For the method, see: Zweifel, G.; Miller, R. .. Am. Chem. Soc.
197Q 92, 6678.

(17) In this case, a slow addition of a dilute, hexane solutioh&ihto
a mixture of (AcO)Pd, p-benzoquinone, LiCl, and AcOLi in an AcOH-
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compatible with their structuré$,a chemical correlation was
carried out for24avia the amine25a, obtained from24a by
removal of the P§P group (CBCO.H, rt, 3 h, 68%). An
authentic sample oR5a was prepared fron®a as follows:
saponification (KCOs;, MeOH, THF, HO, 40°C, 26 h) afforded
the alcohol26a (91%), which was converted into theans
acetate27avia the Mitsunobu reaction (BR, DEAD, rt, 20 h,
82%)1° Selective removal of thé&-benzhydryl group (Cf
CO;H, reflux, 18 h) furnishe@8a(52%), which was submitted
to the Pd(0)-catalyzed reaction with NaCH(&8@), (reflux in
THF for 22 h). The resulting produ@b5a (58%) proved to be
identical with the compound obtained fro2dla (vide supra).
the removal of the bulky-benzhydryl groupZ7a

— 289 proved to be necessary since attempted Pd(0)-catalyzed
substitution failed witlf27a  On the other hand, the phosphinous
amide29a obtained fron28aon reaction with P4PCI (33%),
reacted rapidly (rt, 15 min!) to affor@4a (64%).

The cis-derivative23ais obviously formed by the standard
double inversion via th@3-complex30a(Scheme 6); the same
mechanism applies to the cycloheptane sergs— 30b —
23b). On the other hand, the overall inversion in the case of
the PhP derivativeslOa and 10b can be rationalized by the
sought afteret.—inv. pathway involving precoordination of the
catalyst to the neighboring phosphine groip{ 32); inversion
in the final step would then lead ®4aand?24b, respectively.

To gain further support in favor of this mechanism, we
endeavored to intercept the intermedigfecomplex32. To

this end, 10a was treated with a stoichiometric amount of
(PhsPuPd in the absence of the nucleophile and the reaction

(18) For thecigtrans assignment of 1,4-disubstituted cycloalkenes by
IH NMR, as derived from a large series of compounds, see: Nordberg, R.
Thesis, Royal Institute of Technology, Stockholm, 1982. The characteristic
features are as follows: chemical shifts of the corresponding allylic protons
are consistently higher for theans-series by~0.1 ppm and the\W/2 values
(width at half-height of the multiplet) are typically twice as large. Thus,
(E)-1,4-diacetoxycyclohex-2-ene showsl©Ac atd 5.32 (m,W/2 = 11
Hz), whereas it&Z-counterpart exhibits this proton at5.23 (m,W/2 = 8
Hz). Analogously, the products of monosubstitution of the latter diacetates
with malonate give the following values for the allylic protons: 2.98 (m)
and 5.28 (mW/2 = 16 Hz) for theE-isomer and 2.88 (m) and 5.19 (m,
W/2 = 9 Hz) for theZ-isomer. The data obtained for our compounds are in
line with this generalization.

(19) (a) Mitsunobu, OSynthesisl981, 1. (b) Shull, B. K.; Sakai, T.;
Nichols, J. B.; Koreeda, MJ. Org. Chem1997, 62, 8294. (c) Thetrans-
configuration of27awas corroborated by thél NMR spectrumt® whereas
the CH-OAc in 9ais characterized by a very narrow multiplet centered at

hexane mixture proved essential for the reaction to proceed with acceptable5.02 ppm (partly overlapped with the fH, singlet at 5.00 ppm), the

efficiency, with the formation of the products of the competing Diels
Alder addition ofp-BQ to the dienel8 being substantially reduced.

corresponding proton i@7aappears at 5.17 ppm as ddi= 3, 5.5, and
9 Hz).
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was monitored by NMR. Whereas tR&P signal of the free Scheme ¥

PhP group of 10a appears at 51.7 ppm, two signals were Pa'L,, —
observed in thé!P NMR spectrum of thg3-complex generated LiPd ph,R:” H 2
from 10a namely at 29.1 and 103.3 ppm. While the former 10 —H— N—@ eew BN <.
signal is characteristic for the fhassociated with Pd, the latter Br _
peak can be attributed to the #Ph-N coordinated to Pd, as in \ 31 CHE2}/ 34
32a2° The complex generated frol29a and (PRP)Pd 22 24
exhibited the sam&P signals (at 29.1 and 103.4 ppm) and the . For the legend, see Scheme 5
same'H NMR spectrurd=23 as that of the species generated ' '
from 10a demonstrating their identity. Hence, these results Scheme 8
strongly support the participation of thg-chelate32 in the 14,15 21,22
formation of thetrans-product24.

Although the above experiments demonstrated the formation J 1. NaCHE,, L4Pdl
of the chelate32, the overall outcome can also be considered 2. CF5COH
to originate from a competing process: thus, if the first step Bn. _R Bn. R
occurred without coordination, i.e., in theav. fashion, the N N
resulting complex31 might coordinate another P@Y — 33), )\/\/ By AN B
and the Bosnich-type inversion of the latter specie’§ (33— BN
32), followed by reaction with the nucleophile, would then give MeO,C™ CO-Me MeO,C™ COMe
the same produ@4 (Scheme 6). To address this issue, let us 35, R =Bnh 38, R=Bnh
analyze the kinetics of these reactions. The reaction offan 36, R = PPh, 39, R = PPh,
complex with malonate anion is usually faster than its formation 37, R=H 40, R=H
from the corresponding allylic aceta?®?® so that for the aBn = PhCHs: Bnh = PhCH: E = COMe: L = PhP.

sequenced — 30 — 23 in the N-benzhydryl series we can
assumeks > k.27 Should the phosphinous derivati®é react argued thak, ~ k;, the isomerization path can be excluded in
via 31, followed by isomerization t82 (via 33), we can further view of the substantial difference in the reaction rate9 o6
assume that the rate of the first step would not differ dramatically 10. Hence, these results support tie¢.—inv. pathway10—
from that of the generation &0 from 9.28 In other words;10 32— 24
would be likely to react with a rate comparable to that9pf Yet another mechanism for the overall inversion in the case
i.e., ki ~ k.. However, it required an overnight reflux in THF ~ of the PhP derivativesl0 can be considered (Scheme 7): if
to convert9 into 23, whereasl0 is consumed over the same the first step occurred without coordination, the resulting
period of time at room temperature (vide supra). Moreover, complex 31 might undergo an intramolecular attack by the
the transisomer29a, which must react vi®2a, gives24a at phosphorus atom to generate the phosphoniun8ibrwhose
room temperature in 15 min, showing that béthandks are reaction with the nucleophile would then give the same product
relatively large and, therefor&k; > ks The isomerization 24. However, this mechanism can be excluded in view of the
pathway 33 — 32, being an intramolecular process, would kinetic arguments (vide supra) and the actual observation of
presumably be fast so that the rate-limiting step for generating the Pd chelat@82aby NMR (in the stoichiometric experiment),
32 should either involvek, (if formed directly from10) or k; whereas the phosphonium i@4a could not be detected.
(if generated by the diastereofacial isomerization). Since we Palladium(0)-Catalyzed Allylic Substitution in the Acyclic

(20) For comparison, the following®® NMR signals have been  S€rfies. In the Pd(0)-catalyzed reaction with dimethyl sodi-
observed: free R at—5.1 ppm; (PBP)Pd at 24.0 ppm;-cinnamyl)- omalonate, theanti-configured N-benzhydryl derivativel4
Pdf(PPh), at 26.0 ppm; K-piperidiny)PPh at 62.8 ppm; [PHN- (Scheme 8) afforded the expected substitution pro@8&etith
piperidinyhPhPA(PPR), at 29.3, 127.3, and 129.4 ppm. anti-configuration of the substituents (6€, 16 h, 61%). In

(21) The'H NMR spectrum of32a exhibitedo 4.15-4.28 (m, 1 H), . . . . .
5.43-5.59 (m, 1 H), and 6.026.16 (m, 1 H) ppm, which are all typical of ~ contrast to the alicyclic series, its phosphinous analdgisso

the( Zpéa)lladiLinwlcomplex prot?n§|.2 " | P . gave the product corresponding to overall retention, namely the
For'H NMR spectra of relateg*-complexes of Pd, see re . i i 0 ; ;
(23) Granberg, K. L.; Bekvall, J.-E.J. Am. Chem. S00.992 114 6858 znt'h%%nf'ggé??’? (:L 22 h, 58%), g? evutzlen(t:ed bty C.‘:ﬁ‘grt'ng
For correction, seed. Am. Chem. Sod994 116, 10853. oth35 and36into the same aming7 on treatment with Ci-
(24) (8) Auburn, P. R.; Mackenzie, P. B.; Bosnich, B.Am. Chem. CO;H (in 85% and 77% yield, respectively). Similarly, thy
Soc.1985 107, 2033. (b) Mackenzie, P. B.; Whelan, J.; BosnichJBAm. configured derivativeg1 and22 furnished thesynproducts38

Chem. Soc1985 107, 2046. o . o
(25) The “Bosnich mechanism” was actually first proposed by Collman (66°C, 42 h, 25%) an@9 (rt, 1.5 h, 57%), respectively; in the

and Hegedus: (a) Collman, J. P.; Hegedus, IP@ciples and Applications former case, the reaction turned out to be extremely slow and

of Organotransition Metal ChemistryJniversity Science Books: Mill a substantial amount of the unreacted starting material (69%)

zg’)‘”ggc'lg'g“ 1??2’,R,%?bze'rgogf”ghezreerzﬁgp'gsj é%%ée‘c; §%e?]'i523'A§6' and \yas recovered. Again, the relative configuration was established

Org. Chem.1987, 52, 5430. (c) Moreno-Maas, M.; Ribas, J.; Virgili, A. by converting both38 and 39 into the amine40 on reaction

J. Org. Chem1988 53, 5328. (d) Kurosawa, H.; Ogoshi, S.; Chatani, N.; with CFCOxH.

Kawasaki, Y.; Murai, S.; Ikeda, IChem. Lett199Q 1745. Th rikin ifferen n th li nd non li
(26) Backvall, J.-E.; Granberg, K. L.; Heumann, Jsr. J. Chem1991 he striking difference between the cyclic and noncyclic

31, 17. series can be understood in terms of the possibility of rotation

(27) With sterically hindered substrates, the nucleophilic attack can be about the G-C bond connecting the allylic moiety to the
dramatically slowed (i.eks < ki), which is known to be manifested by  neighboring group. Whereas such rotation is precluded in the

(partial) loss of stereoselectivi#j:26 However, the reaction o® with . : : .
malonate anion proved to be highly stereoselective (vide supra) so that this,CyCIIC systems, it can take place witls (Scheme 9). In this

possibility can be ruled out. instance, precoordination of the catalyst to the phosphorus atom
(28) Although PhP may seem to be much larger than®H, their steric of the neighboring group can still be assumdd (—~ 41),

effect on the ultimate environment of the double bond is, in fact, similar, followed by the normal inversion to generate thallyl complex
as revealed by molecular modeling. Therefore, if only the steric effect of

the N-substituent were taken into account, little difference in reactivity (ie., 42 This latter reaction is, apparently, lower in activation energy
in the reaction rate) would be anticipated fband 10. than that proceeding with retention of configuration. Subsequent
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Scheme 9 Scheme 11
Bn. _PPh, Ph (OAc Mel MeMgBr
N L4Pd VAN NaH \ Ni(Il) no
— + B \&pP) 26a N OMe — )
Z Y / PdL, Brl reaction
: PH
15 OAc 4 46
' R
Linv. . 1. BnNH,, Pd(0)
LaPd § inv. '"V-l CI—O—OR 2 :N—<_=_><OMe
B - PP _ 2. PhyPCI Br
; Ph ! 47, R=H -
y , 49, R=H
/l&//\\’/ Bn\NZ‘L\//"\/ 48, R=Me 50, R = PhyP
{ / Pd'L, ,
LoPd . “CHE PH 1. KoCO3 MeMgBr, (PhsP)NiCl; |
a3n v 2 inw. 42 2. Mel, Ag,0 THF, rt, 6h ’
, 36 7
; inv. th;a\Ni*Ln
R
N O e N
Moo —#— N\ e Br et
SN inv. H /\ 52, R = PhyP 51
LnPd” a4 53, R=H 1. Mitsunobu  MeMgBr
43B 2. AKAZ?OAT y Ni(l1)
3. Mel, Nal
2 For the legend, see Scheme 8. BOC 4. CFCO,H R\Z
e Oyor
Scheme 10 Brl Br
Ph . 54, R=Ac \ I+ (tBUOCO):0 56 R'-BOC, R® = Ac
LqPd Bu/ N7 CHE: 55, R=H |2 KoCOs 57, R' =BOC, R% = H
2 Bn-N—P 4 : 3 58, R'=BOC, R2=Me
inv. Pd*Bu inv. P Ro= yRo=
P’ L, 8a 59, R'=H, R®=Me
45 60, R' = PhoP, R? = Me

aFor the legend, see Scheme 5. 2 For the legend, see Scheme 8.

second inversion on reaction with malonate anion then gives follows: thecis-chloroacetat@®*®was saponified (2666%)**
rise t036. An alternative route, not involving the precoordi- and the resulting alcohel7 was me;?ylated to afford theis-
nation, i.e., generating thg3-complex 43, followed by its chloromethoxycyclohexen@(87%). The latter product was
reaction with malonate, would also prodi@@ However, this ~ then treated with PhCiNH,/Pd to give49 (93%)***followed
mechanism can be ruled out in view of the substantial 2Y the reaction with P#PCI, which furnished the desired model

acceleration of the reaction in the case of the phosphinous amide°mpounds0 (85%). A rather elaborate scheme was adopted
15 (rt, 22 h) as compared to its-benzhydryl counterpart4 for thetrans-derivative60 since alternative, seemingly simpler,

(66°C, 16 h), which can only be attributed to the entropic factor @PProaches failed. The successful route commenced with
associated with the precoordinatiatb(— 41— 42). Nucleo- protection of8a as the BOC derivativé4, which was then

philic participation of the phosphorus atom3@ — 43B — selectively hydrolyzed. The resultingis-alcohol 55 (61%

44) can also be excluded, since this pathway would comprise a ©verall) was submitted to Mitsunobu reaction, and tiens
triple inversion that could not produce tiati-isomer36.2° acetateb6 thus obtained was saponified to give the alcasiol

Apparently, thesyriderivative 22 behaves similarly td5 (24% overall), methylation of which produced ttians-methyl
(Scheme 10); the precoordination of P2 (-~ 45) is supported ~ €thers8. Removal of the BOC group frorB8, followed by
by a substantial acceleration of the reaction (rt, 1.5 h) as reéaction of the resulting amire9 (68% overall from57) with
compared to the benzhydryl derivatiga (66 °C, >42 h). PhPCI produced the requirettansmethoxy derivative60

Nickel(0)-Catalyzed Allylic Substitution. Consiglio has (69%). . , .
shown that allylic ethers undergo a nickel(0)-catalyzed reaction ~AS €xpected in view of Hoveyda’s repdtthe cis-methyl
with Grignard reagents, which follows tire,.—ret. mechanism  €ther46 proved inert, presumably due to the lack of a strongly
(1 — 2 — 5)3 Hoveyda has recently reported on the coordlnatlng group. By_contrast, th_ejP’I"der|vat|\_/050 of the
stereocontrol of this process by a coordinating group located in S@Me configuration readily reacted with MeMgBr in the presence
the vicinity of the allylic moiety?? It was therefore desirable  Of (PTBPRNICI2 (3 mol %) to afford theeis-derivativeS2 (THF, -
to investigate the reactivity of our model compounds in this 0~ 15°C, 6 h, 74%), which is consistent with double retention

context, to which end we prepared ttis- andtrans-derivatives (50— 51— 52). The activating PP group was then removed
46, 50, and 60. The cis-configuredN-benzhydryl derivative ~ Under mild conditions (C&EO.H, rt, 2 h) to producé3 (80%).

46was readily obtained on methylation of the alco26a(42%) (32) This reaction, carried out with&Osz in THF, MeOH, and HO at
(Scheme 11)_ Its PP analogue50 was synthesized as room temperature for 2 h, is capricious and the procedure shown in the
Experimental Section represents the most successful batch.
(29) Note that this analysis lends further credence to the rejection of a  (33) For an alternative synthesis 48, see: Rabasco, J.; Kass, S.R.
similar mechanism for the cyclic series (Scheme 7). Org. Chem.1993 58, 2633.
(30) (a) Consiglio, G.; Morandini, F.; Piccolo, Q. Am. Chem. Soc. (34) On a small scale49 was synthesized on reaction d&)(bis[(4-
1981, 103 1846. (b) Consiglio, G.; Piccolo, O.; Roncetti, L.; Morandini,  methoxy-1,3#3-cyclohexenyl)palladium chlorid& with PACHNH,. How-
F. Tetrahedron1986 41, 2043. ever, in view of the stoichiometric nature of this reaction, it was only used
(31) (a) Didiuk, M. T.; Morken, J. P.; Hoveyda, A. H. Am. Chem. in order to obtain an authentic sample4$. B
Soc.1995 117, 7273. (b) Didiuk, M. T.; Morken, J. P.; Hoveyda, A. H. (35) Backvall, J.-E.; Nordberg, R. E.; Zetterberg, K.kérmark, B.
Tetrahedron1998 54, 1117. Organometallics1983 2, 1625.
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Scheme 12 Scheme 18

RO
10a, R =Ac
50, R =Me
Rather surprisingly, thérans-epimer60 failed to react in the
expected manner: instead of the formatiorbaf a mixture of
compounds was obtained on prolonged reaction time (rt, 48 h), LM Fh
in which a substantial amount of the starting material could still i ———p'=Ph

be detected; the crude reaction mixture did not exhibit the RO / |
characteristic methyl doublet at 0.9 ppm in thd NMR \%/N\

. - . Bn
spectrum, demonstrating that the partial conversion of the

starting material did not give rise to even a detectable amount

61, R=Ac, M=Pd 63, R=Ac,M=Pd

of 52 62, R = Me, M = Ni 64, R =Me, M=Ni

Stereochemical and Mechanistic Considerations.The
prerequisite for the allylic substitution to occur is the ability of MeMgBr | M = Ni \A =Pd \
the system to attain a conformation in which therbitals of
the double bond and thebond connecting the leaving group Ve Ph Phe
to the allylic carbon are aligned (Scheme $2)According to o™\ and! \
this picture, there seems to be little stereoelectronic preference ‘ N—Bn N—=28n
for the metal approach, so that batty. andret. pathways can @ >
be, a priori, expectetf.38 '

Theiny. mechanism appears to be preferred on purely steric 51 \ / 32a
grounds (less steric hindrance) and in view of the possible 52 24a

interaction of the occupied d-orbital of the metal with the empty, o _ PhP

antibonding orbitals of &C (7*) and C—X (¢*), as in the case '

of Cu*and P& (Figure 1). On the other hand, thet. pathway The required allylic alignment can easily be attained with
may be encouraged by precoordination of the metal to the e cis configured cyclic substrates, suchl here, the bulky
leaving group, which seems to be the case with*fland, neighboring group can be assumed to be pseudoequatorial,

exceptionally, with P&’ In this paper we have clearly forcing the leaving group into a pseudoaxial position (Scheme
demonstrated that the precoordination can also be effected bylS). As a result, the palladium chelated by theRPhroup and

a neighboring group (rather than the leaving group), thereby ihe double bond can form the-complex 61 — 323), attack
opening the application of '_[his methodology to further transition 54 which by malonate anion leads to the product of overall
metals, namely Pd and Ni. inversion @4a). In thetrans-series 294), the alignment is more
difficult to attain; however, the entropic factor apparently
compensates for the increased energy demand associated with
the conformational change required for the alignment, so that
theszr-complex is also generatelqa— 63— 323). Therefore,
both10aand29areact readily at room temperature, furnishing
the same produ@4a

The Ni(0)-catalyzed reaction can be assumed to share the
features of thenp3-complex formation with Pd(0). In fact,
Hoveyd&! has demonstrated tiev. mechanism for the complex
formation in the acyclic series. Therefore, it may seem rather
surprising to find60 essentially inert despite the conceivable

(36) The maximum deviation from the perfect alignment that is tolerated chelation in64. A possible rationalization of this discrepancy
seems to be-30%, as derived from the investigation of Wagnéfeerwein 1S that changing the conformation 6# into the reactive one
rearrangements in a series of rigid, polycyclic skeletons: Saunders: M.; (with a pseudoaxial MeO group) is rather too costly energetically
Chandrasekhar, J.; Schleyer, P. v. R. Rearrangements of Carbocations. If(in conjunction with the poor leaving capability of Mel)
Rearrangements in Ground and Excited Statds Mayo, P., Bd;  \yhereas in Hoveyda’s example, the flexible aliphatic chain can

Figure 1. Interaction of the d-orbital of the metal with the- and
o*-orbitals of the allylic substrate.

Academic: New York, 1980; Vol. 1, pp 2434.

(37) This scenario parallels the occurrence of batiti- and syn assume the conformation required for the. mechanism
mechanisms for the E2 elimination reactions. For leading reviews, see: (a) relatively easily (as it did in our examples with Pd).
Sicher, JAngew. Chem., Int. Ed. Engl972 11, 200. (b) Sicher, JPure i i TR i ili
Appl. Chem1971 22, 655, (¢) Bartsch’ R. A Amda, JChem. Re. 1980 The very hlgh_ reglosel_e_ctlwty, i.e., the exclusive nucleoph!llc
80, 453. attack at the distal position with respect to the bulky amino

(38) For stereoelectronic effects in general, see: (a) Deslongchamps, P.group, can be understood in terms of steric hindrance at the

Sterer?electroniCthfectls Cijn ﬁrganic Che”mlisﬂﬂerbgamon: %iford, 1523)3. proximal position and is in line with Bavall observation&.1°
For the stereochemical dichotomy in allylic substitutionZ$, see: - —
Magid, R. M. Tetrahedron98 36, 1901. (c) Paquette, L. A+ Stirling, C. The attack on the proximal position is rare and has only been

J. M. Tetrahedron1992, 48, 7383. reported either with nucleophiles other thzudicarbonyls (e.g.,

(39) (a) Corey, E. J.; Boaz, N. Wetrahedron Lett1984 25, 3063. (b) EtNH)1350r when PhS@was employed as the leaving group
Corey, E. J.; Hannon, F. Jetrahedron Lett199Q 31, 1393. (c) Hill, R.
S.; Becalska, A.; Chiem, NOrganometallics1991, 10, 2104. (40) Bakvall, J.-E.; Juntunen, S. K. Am. Chem. S04987 109, 6396.
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(rather than AcO¥° While this manuscript was undergoing a
referee review, another example has been published by Krafft,
in which the regioslectivity of the nucleophilic attack on the
n®-Pd-complex is controlled by the neighboring, small to
medium size amino group. In some examples, this effect also
led to the overall inversion of configuration with malonate
nucleophilet!

Conclusions

We have demonstrated, for the first time, that the steric course
of the 573-Pd—complex formation from allylic acetates can be
altered by a neighboring group capable of precoordinating the
catalyst (0 — 32 — 24 in Scheme 6). This new approach
appears to be more general than the previously reported method
relying on precoordination to the leaving grotip thereby
offering a substantially broader application, especially for the
construction of cyclic, polyfunctional molecules. The versatility
of this method is enhanced by the ready introduction of the
coordinating P§P group (PBPCI, 35°C) and its removal (C§
CO;H, rt). The related, Ni(0)-catalyzed reaction with a Grignard
reagent $0 — 51 — 52 in Scheme 11) extends the scope of
this methodology as it broadens the choice of the nucleophile
and the stereochemical outcome.

This investigation has demonstrated that the retention mech-

anism1l — 4 may be more common than originally thought,

since it has now been observed for three transition metals: Pd,

Mo, and Ni#? Our new findings have also helped to fill a few
gaps in the &C bond-forming methodology via allylic
substitution (Scheme 1) in terms of the choice of the nucleophile,

J. Am. Chem. Soc., Vol. 120, No. 27, 56883

Experimental Section

General Methods. Melting points were determined on a Kofler
block and are uncorrected. The NMR spectra were recorded in£DCI
H at 250 MHz, *3C at 62.9 MHz, and®P at 101.3 MHz with
chloroformd, (6 7.26,H; 6 77.0,1C) as internal standard. The IR
spectra were recorded for a thin film between KBr plates unless
otherwise stated. The mass spectra (El and/or Cl) were measured on
a dual sector mass spectrometer using direct inlet and the lowest
temperature enabling evaporation. The -@@S analysis was per-
formed with RSL-150 column (25 m 0.25 mm). All reactions were
performed under an atmosphere of dry, oxygen-free nitrogen in oven-
dried glassware twice evacuated and filled with the nitrogen. Solvents
and solutions were transferred by syringe-septum and cannula tech-
giques. All solvents for the reactions were of reagent grade and were
dried and distilled immediately before use as follows: diethyl ether
and tetrahydrofuran (THF) from sodium/benzophenone; dichlo-
romethane from calcium hydride. All reagents were purchased at
highest commercial quality and used without further purification, unless
otherwise stated. Yields are given for isolated product showing one
spot on a TLC plate and no impurities detectable in the NMR spectrum.
The identity of the products prepared by different methods was checked
by comparison of their NMR, IR, and MS data and by the TLC
behavior. Detailed experimental procedurBsyalues, HRMS, and
elemental analyses are given in the Supporting Information.

General Procedure for the Preparation of Benzylamines from
the Corresponding Chlorides via Pd(0)-Catalyzed Allylic Substitu-
tion (Method ). To a solution of the allylic chloride (5.47 mmol)
and benzylamine (2.00 g, 18.7 mmol) in toluene (40 mL) was added
tetrakis(triphenylphosphine)palladium(0) (300 mg, 2dol, 4.8 mol
%) in one portion, and the solution was allowed to stir at room
temperature for 1858 h. The mixture was then concentrated by

stereochemistry, and the catalyst. The updated menu can besvaporation te-5 mL and purified by chromatography (Si(etroleum

summarized as follows: (1) Th@v.—inv. mechanism is the
classical one for the combination of Pd and stabilized C-
nucleophiles, such as malonateg2) The inv.—ret. path is
typical for Pd and nonstabilized nucleophiles and organome-
tallics? and does also occur with Ni and organometafft%-

(3) Theret.—inwv. route requires precoordination of the catalyst
either to the leaving grodg or to a neighboring group (as shown

in this paper) and has been demonstrated for Pd and stabilizeqi/

C-nucleophiles. This sequence also works for stoichiometric,
Mo(0)-mediated reactions involving isolation of thécomplex,
followed by its reaction with malonate anions and the fiké)

The ret.—ret. mechanism has been demonstrated for Mo(0)-
catalyzed reactions with malonates as nucleopHiteg] for Ni

with a Grignard reagent (this paper); again, the prerequisite for
the latter reaction to occur is the precoordination of the catalyst
to a neighboring group.

The ret. mechanism I — 4) is currently limited to those
allylic systems, which cannot attain a conformation suitable for
the iny. mechanisms (e.g., by rotation). Since we have
demonstrated the stereochemical switth« 2/4) with the aid
of 1,4-heterodisubstituted cycloalkenes, this protocol can be
regarded as an extension of thecBeall®>1® methodology;
however, further applications beyond this framework can easily

ether-ether 1:1 or 1:2) to give the allylic amine.

General Procedure for Derivatization of Amines with Benzhydryl
(Method Il). To a solution of the amine (1.26 mmol) and triethylamine
(600uL, 436 mg, 4.30 mmol) in dichloromethane (5 mL) was added
diphenylmethyl bromide (1.00 g, 4.05 mmol) in a single portion. The
mixture was heated to reflux and stirred for48 h. Water (10 mL)
was then added, the layers were separated, and the aqueous phase was
xtracted with dichloromethane (2 15 mL). The organic portions
ere combined, and the solvent was evaporated. Chromatography
(SiO;, petroleum etherether 20:1, 15:1, or 10:1) afforded the ben-
zhydryl derivative.

General Procedure for Derivatization of Amines with Chlo-
rodiphenylphosphine (Method IIl). Chlorodiphenylphosphine (300
ulL, 369 mg, 1.67 mmol) was added dropwise to a solution of the amine
(2.23 mmol) and triethylamine (25@L, 182 mg, 1.80 mmol) in ether
(6 mL), and the solution was brought to reflux and stirred for-22
h. The mixture was then cooled and filtered through a short plug of
alumina, and the solvent was evaporated. The crude product was
purified on an aluminum oxide column (petroleum ethether 4:1 or
1:1) to afford the diphenylphosphinous amide.

General Procedure for the Pd(0)-Catalyzed Allylic Substituion
with Dimethyl Sodiomalonate (Method IV). Dimethyl malonate (150
uL, 173 mg, 1.31 mmol) was added dropwise to a suspension of sodium
hydride (50 mg, 60% suspension in mineral oil, 1.25 mmol) in THF (3
mL). After 5 min of stirring, tetrakis(triphenylphosphine)palladium-

be envisaged. One such example is the stereodirection of the0) (40 mg, 35«mol, 11 mol %) was added, followed by a solution of
organocuprate attack on the enone system by means of ahe allylic acetate (31amol) in THF (2 mL). The mixture was either

neighboringo-(diphenylphosphino)benzoyloxy grotip?* pub-
lished while this paper was undergoing a reviewing process.

(41) Krafft, M. E.; Wilson, A. M.; Fu, Z.; Procter, M. J.; Dasse, O. A.
J. Org. Chem1998 63, 1748.

(42) For a similar stereochemical switch in the cuprate-mediated allylic
substitution, see: (a) Gallina, C.; Ciattini, P. G.;Am. Chem. S0d.979
101, 1035. (b) Goering, H. L.; Kantner, S. S.; Tseng, CJCOrg. Chem.
1983 48, 715. (c) Tseng, C. C.; Yen, S. J.; Goering, H.JLOrg. Chem.
1986 51, 2892 and refs given therein. (d) Valverde, S.; BefndheGarcia-
Ochoa, S.; Gmez, A. M.J. Org. Chem.199Q 55, 2294 and refs given
therein.

(43) Breit, B.Angew. Chem., Int. EA.998 37, 525.

refluxed for 16-42 h, or stirred at room temperature for 20 h or-15
90 min. The solution was then cooled, poured into water (5 mL), and
extracted with CHCl, (2 x 10 mL). The organic portions were
combined, and the solvent was evaporated. Chromatography, (SiO
petroleum etherether 6:1 or 5:1 or AlOs, petroleum etherether 4:1

or 3:1 or ether) furnished the substitution product.

(44) Our attempts at controlling the cuprate addition in the case of the
conjugated ketone, prepared by oxidation of the allylic alc&ta were
unsuccessful. Therefore, it appears that this type of control, as demonstrated
by Breit*3 requires the coordinating group to be located at the carbon more
distant than in thé&-position.
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General Procedure for Removal of the PBP Group (Method V).

Farthing antoKsicy
(2)-1-Acetoxy-4-[benzyl(diphenylphosphinous)amidyl]cyclohept-

Trifluoracetic acid (2 mL) was added to the phosphinous amide (223 2-ene (10b)was obtained fron8a using method Il (34°C, 16 h) as
mmol), and the solution was allowed to stir at room temperature for a clear oil (85%): IR (film)» 3051, 2924, 1743, 1591, 1438, 1370
1.5-14 h. The mixture was then evaporated, treated with NaHiCO cm; *H NMR ¢ 1.30-1.95 (m, 6 H, CHCH,CH;), 2.05 (s, 3 H, CH),

(saturated, aqueous, 5 mL), and extracted with.@H(3 x 5 mL).

3.72 (br d,J =18 Hz, 1 H, HN), 4.11 and 4.22 (% dd, Jup=5.5

The combined organic extracts were evaporated, and the residue wasand 7 Hz,Jyy = 13 Hz, 2x 1 H, CH,Ph), 5.29 (br dJ = 11 Hz, 1

purified by chromatography (SiDpetroleum etherether 1:1 or 1:2)
to give the amine.

(2)-1-Acetoxy-4-(benzylamino)cyclohex-2-ene (8ayas obtained
from (2)-1-acetoxy-4-chlorocyclohex-2-en&d)*° using method | (rt,

H, CHOAC), 5.65 and 6.06 (2« br d, 2 x J =12 Hz, 2x 1 H,
CH=CH), 7.18-7.65 (m, 15 H, Ar);*C NMR 6 21.8 CH3), 25.9
(CH:CH,CH,), 32.9 and 33.6 GQH.CH;CH,), 54.1 CH,Ph), 60.7
(CHN), 74.8 CHOAC), 127.5, 128.7, 128.8, 128.9, 129.0, 129.3, 132.2,

24 h) as a colorless oil (88%), whose spectral data are identical to those132.6, 132.9, 133.5, and 137.3 (8H's andCH=CH), 140.0, 140.2,

described in the literaturg:IR (film) v 3320, 3021, 2942, 2859, 1745,
1450, 1367, 1240, 1025 crh *H NMR ¢ 1.28-1.82 (m, 4 H, Ch-
CHy), 1.96 (s, 3 H, CH), 3.05-3.15 (m, 1 H, GIN), 3.71 and 3.73
(AB system,J = 13 Hz, 2 x 1 H, CH,Ph), 5.06-5.14 (m, 1 H,
CHOAC), 5.68and 5.92 (% brd, 2x J=11Hz, 2x 1 H, CH=CH),
7.11-7.28 (m, 5 H, Ar);*3C NMR ¢ 21.7 (CH), 25.6 and 26.5
(CH2CH3), 51.4 CH,Ph), 52.8 CHN), 67.7 CHOAC), 126.8 (CH, Ph),
127.4 (olefinicCHCHOAC), 128.5 (2x CH of Ph) and 135.9 (olefinic
CHCHN), 140.8 (AripsoC), 171.1 (G=0); MS (Cl) m/z (%) 246 (100,
MH™), 186 (25), 159 (25), 91 (50).
(2)-1-Acetoxy-4-(benzylamino)cyclohept-2-ene (8hyas obtained
from (2)-1-acetoxy-4-chlorocyclohept-2-engh)* using method I (rt,
20 h) as a colorless oil (90%): IR 3311, 3019, 2912, 2842, 1725,
1600, 1443, 1364, 1235, 1018, 725 ¢im'H NMR ¢ 1.21-1.88 (m,
6 H, CH,CH,CH,), 1.91 (s, 3 H, Ch), 3.19 (br d,J = 12 Hz, 1 H,
CHN), 3.61 and 3.67 (AB systend,= 13 Hz, 2x 1 H, CH,Ph), 5.21
(br d, J = 11.5 Hz, 1 H, G1OAc), 5.49-5.65 (m, 2 H, CH=CH),
7.06-7.19 (m, 5 H, Ar);13C NMR 6 21.7 (CHs), 25.7 (CHCH2CH,),
32.9 and 33.8Q¢H,CH,CH,), 52.0 CH2Ph), 58.6 CHN), 74.5 CHOAC)
127.4,128.6, 128.9, 133.3, and 136.3 @'s and CH=CH), 140.6
(Ar ipsoC), 170.6 C=0); MS (CI) mVz (%) 259 (5, M*), 199 (40),
156 (20), 91 (100).
(2)-1-Acetoxy-4-[benzyl(diphenylmethyl)amino]cyclohex-2-ene (9a)
was obtained fron8a using method Il (40C, 88 h) as a colorless oil

(58%): IRv 3022, 2942, 2848, 1734, 1503, 1371, 1240, 1033, 900

cm 't IH NMR 6 1.01-1.74 (m, 4 H, CHCH,), 1.92 (s, 3 H, CH),
3.49 (brt,J= 8.5 Hz, 1 H, GiN), 3.64 and 3.65 (AB systend,= 14
Hz, 2 x 1 H, CH,Ph), 4.96-4.97 (m, 2 H, GiPh, and GHOAC), 5.59~
5.74 (m, 2 H, GI=CH), 7.05-7.32 (m, 15 H, Ar);*3C NMR ¢ 21.7
(CH3), 22.8 and 28.0 @H,CH,), 51.9 CH,Ph), 55.5 CHN), 66.4
(CHOAC), 69.0 CHPhy), 126.8, 126.9, 127.2, 127.3, 127.4, 128.4,
128.5, 128.8, 129.2, 129.6 and 137.8 @'s and CH=CH), 142.1,
142.9, 143.8 (AipsoC), 171.0 C=0); MS (El) m/'z (%) 411 (5, M*),
383 (5), 351 (5), 325 (30), 167 (100), 91 (50).
(2)-1-Acetoxy-4-[benzyl(diphenylmethyl)amino]cyclohept-2-
ene (9b)was obtained fron8b using method Il (40°C, 40 h) as a
colorless oil (81%): IR (film)» 3057, 3019, 2820, 2844, 1736, 1660,
1597, 1488, 1445, 1369, 1230, 1021 ¢mH NMR 6 1.16-1.84 (m,
6 H, CH,CH,CH,), 1.93 (s, 3 H, CH), 3.51 (br d,J = 12 Hz, 1 H,
CHN), 3.64 and 3.67 (AB systerd,= 13 Hz, 2x 1 H, CH,Ph), 4.82
(s, 1 H, GHPhy) 5.10 (br d,J = 10.5 Hz, 1 H, G1OAc), 5.46 and 5.80
(2x brd,2x J=12.5Hz, 2x 1 H, CH=CH), 7.05-7.32 (m, 15 H,
Ar); 33C NMR 6 21.8 (CH3), 25.9 (CHCH,CHy), 32.4 and 32.9GH,-
CH.CH,), 51.9 CH2Ph), 59.4 CHN), 68.5 CHPhy), 74.8 CHOAC),

140.4 (AripsoC), 170.7 C=0); 3P NMR ¢ 50.33; MS (El)m/z (%)
443 (35, M), 400 (35), 384 (60), 352 (100), 183 (95).
(E)-(2S*,5R*)-2-Acetoxy-5-[benzyl(diphenylmethyl)amino]hex-3-
ene (14)was obtained fronl3 using method Il (40°C, 44 h) as a
colorless oil (53%): IRy 3020, 2963, 1722, 1659, 1600, 1491, 1449,
1365, 1031 cm?; *H NMR ¢ 0.98 (d,J = 8 Hz, 3 H, GH3CHN), 1.06
(d,J=7.5Hz, 3 H, G3CHO), 1.92 (s, 3 H, ChCO), 3.38-3.46 (m,
1 H, CHN), 3.48 and 3.62 (AB systend,= 15 Hz, 2x 1 H, CH,Ph),
4.85 (s, 1 H, GIPhy), 5.10-5.28 (m, 2 H, (HOAc and Gi=CH), 5.55
(dd, J = 6, 14 Hz, CH=CH), 7.00-7.34 (m, 15 H, Ar);3C NMR ¢
15.8, 19.3 and 20.4 (X CHj3), 49.9 CH.Ph), 53.7 CHN), 68.9 and
69.7 CHOAc andCHPhy), 125.1, 125.5, 125.8, 126.5, 126.9, 127.0,
127.1, 127.2, 127.5, 127.7, 127.8, 127.9, 129.0, 129.1 and 132.9 (Ar
CH’s and CH=CH), 141.0, 141.7, 141.9 (Aipso C), 169.2 C=0);
MS (El) m/z (%) 413 (5, M*), 398 (40), 167 (100).
(E)-(2S*,5R*)-2-Acetoxy-5-[benzyl(diphenylphosphinous)amidyl]-
hex-3-ene (15)was obtained fromi3 using method Il (34°C, 18 h)
as a clear oil (68%): IR (filmy 3082, 3021, 2971, 2920, 1744, 1602,
1584, 1491, 1450, 1369 ch *H NMR 6 1.14 (d,J = 6.5 Hz, 3 H,
CH3CHN), 1.24 (d,J = 7 Hz, 1 H, GH;CHOACc), 1.94 (s, 3 H, Ckt
CO), 3.47 (ddg, = 6, 16.5, 6.5 Hz, 1 H, @N), 3.90 and 4.07 (X
dd, 2x J=4, 15 Hz, 2x 1 H, CH,Ph), 5.15-5.34 (m, 2 H, G1OAc
and (H=CH), 5.60 (dd, 2x J = 7.5, 14.5 Hz, 1 H, CHCH), 6.85-
7.36 (M, 15 H, Ar);**C NMR ¢ 20.7, 20.9 and 21.8 (& CHj3), 53.7
(CH2Ph), 56.0 CHN), 70.9 CHOAc), 127.2, 128.6, 128.7, 128.8, 129.0,
130.2, 132.7, 133.0, 133.3 and 135.2 @iH's and CH=CH), 140.3
(2x) and 140.5 (AiipsoC), 170.6 C=0); *'P NMR ¢ 47.83; MS (EI)
m/z (%) 431 (5, M*), 372 (15), 344 (100), 298 (25), 256 (50).
(E)-(5R*,8R*)-5-Acetoxy-8-chlorododec-6-ene (19).To a solution
of hex-1-ynel6 (4.10 g, 50.0 mmol) in hexanes (25 mL) aftO was
added diisobutylaluminum hydride (1 M in hexanes, 50 mL, 50.0
mmol). The solution was warmed to 4C and stirred for 16 h.
Volatile components were then evaporated, and the resitienras
dissolved in THF (50 mL) and cooled to@. CuCl (5.50 g, 55.5
mmol) was then added in portions over 10 min, and the suspension
allowed to warm to room temperature and stir for 4 h. The black
suspension was then poured onto a stirred mixture 84 (5%, 100
mL) and petroleum ether (100 mL), the phases were separated, and
the aqueous layer further extracted with ethgetroleum ether 1:1 (2
x 100 mL). The combined organic layers were then evaporated to
give 18 as a clear oil (3.20 g). A solution of the latter oil in hexanes
(50 mL) was added dropwise over 12 h to a vigorously stirred
suspension of (AcQPd (500 mg, 2.30 mmolp-benzoquinone (10.0

127.0, 127.3, 127.4, 127.7, 128.5, 128.6, 128.9, 129.6, 129.6, 132.3,9, 91.0 mmol), LiCl (4.00 g, 92.0 mmol), LIOAZH,O (9.00 g, 86.0

and 136.2 (ArCH’s and CH=CH), 141.6, 142.2, 142.5 (Aipso C),
170.7 C=0); MS (EIl) m/z (%) 425 (10, M*), 365 (100), 274 (80).

(2)-1-Acetoxy-4-[benzyl(diphenylphosphinous)amidyl]cyclohex-
2-ene (10a)was obtained fron8a using method Il (34C, 18 h) as a
clear oil (68%): IR (film)» 3059, 2940, 2846, 1731, 1434, 1370, 1244,
1082, 1027 cm}; 'H NMR 6 1.68-1.99 (m, 4 H, CHCH;), 2.11 (s,
3 H, CH), 3.61-3.79 (m, 1 H, GIN), 4.22 and 4.33 (% dd, 2x Jup
=5Hz, 2x Jyn = 15 Hz, 2x 1 H, CHzPh), 5.15 (br s, 1 H, BOAC),
5.88 and 6.00 (% brd, 2x J=11.5 Hz, 2x 1 H, CH=CH), 7.106-
7.66 (M, 15 H, Ar):33C NMR 6 21.8 (CHs), 25.6 and 27.6GH2CH,),
53.6 (CH.Ph), 56.4 CHN), 66.4 CHOACc), 126.5, 127.3, 128.5, 128.6,
128.7, 128.9, 129.1, 132.5, 132.8 and 133.2 CAt's and CH=CH),
138.4 and 140.3 (®) (Ar ipsoC), 171.2 C=0); 3P NMR ¢ 51.68;
MS (El) m/z (%) 429 (10, M*), 370 (50), 290 (40), 201 (35), 183
(75), 91 (100).

mmol), and acetic acid (50 mL) in hexanes (50 mL). The reaction
mixture was stirred at room temperature for a further 42 h, and then
AcOEt (300 mL) was added. The solution was extracted with NaOH
(2M, 2 x 100 mL), NaHCQ (saturated, aqueous,>2 100 mL) and
water, and then the combined aqueous extracts were further extracted
with ether (2 x 200 mL). The combined organic layers were
evaporated, and purified by chromatography (Sig&troleum ether
ether 40:1) to afford9 as a pale red oil (1.07 g, 4.10 mmol, 21%3;
(petroleum etherether 15:1) 0.60; IR (filmy 2957, 2929, 2860, 1740,
1468, 1239, 1020 cni; *H NMR ¢ 0.75-0.88 (m, 6 H, 2x CH,CHj),
1.15-1.75 (m, 12 H, CHCH,CHy), 1.98 (s, 3 H, CHCO), 4.26 (qJ

=7 Hz, 1 H, GHCI), 5.17 (q,J = 6 Hz, 1 H, GHOAc), 5.57 and 5.61

(2 x dd,J=5.5,15.5 and 7, 15.5 Hz, 2 1 H, CH=CH); 13C NMR

0 14.3 (2x CH,CHj3), 22.5 and 22.8 (3« CH,CHs), 27.6 and 29.0 (2

x CHEt), 34.3 CH,CHCI), 37.4 CH,CHOAc), 62.3 CHCI), 73.7
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(CHOAC), 131.0 and 137.30H=CH), 170.6 (G=0); MS [CI(NH3)]
m/z (%) 278 (100, MNH"), 225 (45), 183 (15), 182 (15), 165 (20).
(E)-(5R*,8R*)-5-Acetoxy-8-(benzylamino)dodec-6-ene (20)as

obtained from19 using method | (rt, 58 h) as a pale pink oil (72%):

IR (film) v 3320, 2958, 2930, 2857, 1737, 1370, 1238, 1019, 972cm
1H NMR 6 0.77-0.85 (m, 6 H, 2x CH,CHj3), 1.25-1.80 (m, 12 H,
CH,CH,CH>), 1.99 (s, 3 H, CHCO), 2.89-3.08 (1 H, m, GiN), 3.54
and 3.72 (AB system] = 13 Hz, 2 H, ¢,Ph), 5.13-5.21 (m, 1 H,
CHOAC), 5.34-5.47 (m, 2 H, 1 H, CH=CH), 7.16-7.27 (5H, m, Ar);
BC NMR 6 14.4 (2x CHyCHg), 21.7 CH3C=0), 22.8 and 23.1 (%
CH,CHg), 27.8 and 28.5 (2x CHEt), 34.6 CH.CHN), 35.9 CHy-
CHOAC), 51.6 CH2Ph), 62.3 CHN), 74.9 CHOAC), 127.2, 128.6,
128.7, 130.7 and 136.5 (ACH’s and CH=CH), 140.5 (Aripso C),
170.6 (G=0); MS (El) m'z (%) 332 (100, MH), 274 (50), 272 (50),
225 (10), 183 (65).
(E)-(5R*,8R*)-5-Acetoxy-8-[benzyl(diphenylmethyl)amino]dodec-
6-ene (21)was obtained fron20 using method Il (40C, 72 h) as a
colorless oil (48%): IR 3020, 2957, 2923, 1736, 1239 cin*H NMR
0 0.61-0.85 (m, 6 H, 2x CH,CHj3), 0.97-1.43 (m, 12 H, CHCH,-
CHy), 1.95 (s, 3 H, CHCO), 3.09 (gJ = 7.5 Hz, 1 H, GiN), 3.45
and 3.71 (AB system] = 15.5 Hz, 2 H, G&1,Ph), 4.80 (s, 1 H, BPh),
5.00-5.16 (m, 2 H, G1OAc and GH=CH), 5.42 (ddJ =9, 14.5 Hz,
1 H, CH=CH), 6.85-7.29 (m, 15 H, Ar);13C NMR ¢ 14.5 (2 x
CH,CHj3), 21.9 CH;C=0), 22.9 and 23.0 (% CH,CHs), 27.8 and
29.5 (2 x CH;Et), 33.0 CH.CHN), 34.6 CH,CHOAC), 51.8 CH,-
Ph), 61.4 CHN), 70.6 CHPhy), 75.2 CHOAC), 126.4, 127.0, 127.2,

127.9, 128.2, 128.3, 128.4, 128.9, 129.0, 129.7, 131.7, and 132.7 (Ar

CH’s andCH=CH), 142.7, 143.1 and 143.9 (ApsoC), 170.7 (C=0).
(E)-(5R*,8R*)-5-Acetoxy-8-[benzyl(diphenylphosphinous)amidyl]-
dodec-6-ene (22jvas obtained fron20 using method IIl (34°C, 20
h) as a clear oil (50%)*H NMR ¢ 0.61-0.78 (m, 6 H, 2x CH,CHy),
0.91-1.87 (m, 12 H, CHCH,CHy), 1.91 (s, 3 H, CHCO), 2.96-3.15
(2 H, m, AHN), 3.76 and 4.05 (% dd,J =2, 15, and 2.5, % 1 H,
CH,Ph), 5.03-5.18 (m, 2 H, GZ1OAc and G1=CH), 5.54 (ddJ =9,
14.5 Hz, 1 H, CH=CH), 6.72-7.43 (m, 15 H, Ar);*3C NMR ¢ 14.8
(2 x CH,CHs), 21.8 CH3sC=0), 22.9 (2x CH,CHs), 27.8 and 29.2
(2 x CH;Et), 34.6 CH,CHN), 34.9 CH.CHOAC), 53.7 CH2Ph), 61.3

(CHN), 74.6 CHOAC), 127.2, 128.5, 128.6, 128.7, 128.8, 129.0, 130.4,

132.9, 133.2, 134.8 and 134.9 (@H's and CH=CH), 140.2, 140.6
and 140.8 (Aripso CH'’s) 170.6 (G=0); 3P NMR ¢ 46.47; MS (El)

Mz (%) 515 (25, M), 456 (70), 386 (100), 297 (30), 183 (65), 91

(60).

(2)-Dimethyl [4-[benzyl(diphenylmethyl)amino]cyclohex-2-en-1-
yllmalonate (23a)was obtained fron®a using method IV (66C, 22
h, with 7.6 mol % of Pd) as a colorless oil (73%): IR (film)3061,
3022, 2951, 1759, 1736, 1492, 1451, 1434, 1155, 1026;ctd NMR
0 1.36-1.55 (M, 4 H, CHCHy), 2.62-2.74 (m, 1 H, GICH(CO:Me),)
3.22 (d,J = 11 Hz, 1 H, G{(CO:Me),), 3.48-3.55 (m, 1 H, GIN),
3.60 (s, 6 H, 2x CHjg), 3.64 and 3.68 (AB systend,= 13 Hz, 2x 1
H, CH,Ph), 4.89 (s, 1 H, @Phy), 5.52 and 5.53 (AB systend,= 13
Hz, 2 H, (H=CH), 7.06-7.24 (m, 15 H, Ar);*3C NMR ¢ 22.9 and
25.4 CH,CH,), 34.2 CHCH(CO:Me),), 51.9 CH,Ph), 52.8 and 52.9
(2 x CHg), 55.1 CHN), 56.4 CH(CO.Me),), 69.0 CHPhy), 126.8,
127.2,128.5, 129.2, 129.6, 129.8, and 134.1 CAY's andCH=CH),
142.1, 142.4, 143.0 (AipsoC), 169.0 and 169.2 (2 C=0); MS (EIl)
m/z (%) 483 (10, M*), 299 (10), 208 (50), 167 (100), 91 (45).

(2)-Dimethyl [4-[benzyl(diphenylmethyl)amino]cyclohept-2-en-
1-yllmalonate (23b)was obtained fron®b using method IV (66'C,
22 h, with 11 mol % of Pd) as a colorless oil (66%): IR (filmB024,
2920, 2858, 1740, 1492 crh 'H NMR ¢ 1.00-1.80 (m, 6 H, CH-
CH,CHy), 2.63-2.73 (m, 1 H, GZICH(CO:Me),) 3.26 (d,J = 9.5 Hz,
1 H, CH(CO:Me),), 3.60-3.75 (m, 3 H, &1,Ph, CHN), 3.61 and 3.62
(2 xs,2x 3H, 2x CHg), 4.83 (s, 1 H, €IPhy), 5.37 and 5.79 (X
brd,J=13.5 Hz, 2x 1 H, CH=CH), 7.05-7.29 (m, 15 H, Ar);3C
NMR 6 29.3 (CHCH.CH,), 30.9 and 32.0 GH,CH,CH,), 40.2
(CHCH(COMe),), 51.7 CH,Ph), 52.8 and 53.0 (% CHjg), 57.3
(CHN), 58.9 (CHCH(CO:Me),), 68.1 CHPhy), 126.9, 127.1, 127.3,
128.3, 128.4, 128.5, 128.6, 129.6, 130.7, and 138.0 GAfs and
CH=CH), 141.7, 142.2, and 142.5 (Apso C), 169.3 and 169.5 (2
C=0); MS (El) m/z (%) 497 (10, M*), 406 (25), 167 (100).
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(E)-Dimethyl [4-[Benzyl(diphenylphosphinous)amidyl]cyclohex-
2-en-1-yllmalonate (24a). Method A. Compound24awas obtained
from 10ausing method IV (rt, 22 h, with 4.4 mol % of Pd) as a colorless
oil (76%): IR (film) v 3024, 2951, 2857, 1741, 1436 cin'H NMR
0 1.50-1.82 (m, 4 H, CHCH,), 2.76 (m, 1 H, ®ICH(CO,Me),) 3.03
(d,J=10Hz, 1 H, G(COMe),), 3.42-3.58 (m, 1 H, &iIN), 3.51 (s,

3 H, CH0), 3.53 (s, 3 H, CHD), 3.95 and 4.02 (% dd, 2 x Jup=
6 Hz, 2 x Jyn = 13 Hz, 2x 1 H, CH,Ph), 5.42 and 5.53 (X br d,
2 x J=12.5Hz, 2x 1 H, CH=CH), 6.86-7.29 (m, 15 H, Ar);*C
NMR ¢ 27.0 and 30.1GH2CH.), 36.4 CHCH(CO:Me),), 52.8 CHN),
53.6 (CH.Ph), 56.2 and 56.5 (2 CHj3), 57.1 CH(CO:Me),), 127.2,
128.4, 128.6, 128.8, 129.0, 132.6, 132.9, 133.1, and 134.LtAs
andCH=CH), 140.2, 140.4 and 140.6 (ApsoC), 169.0 (2x C=0);
31p NMR 6 50.47; MS (El)m/z (%) 501 (10, M*), 442 (40), 370 (10),
290 (20), 186 (25).

Method B. Compound24awas obtained fron29a using method
IV (rt, 15 min, with 5.3 mol % of Pd) as a colorless oil (64%), identical
with the compound prepared according to method A.

(E)-Dimethyl [4-[benzyl(diphenylphosphinous)amidyl]cyclohept-
2-en-1-yllmalonate (24b)was obtained fromlOb using method IV
(rt, 20 h, with 7 mol % of Pd) as a colorless oil (62%): IR (film)
3020, 2957, 2922, 2862, 1758, 1730, 1590, 1435%iH NMR o
1.39-2.01 (m, 6 H, CHCH,CH,), 3.12-3.21 (m, 1 H, GZICH(CO,-
Me),) 3.52 (d,J = 9.5 Hz, 1 H, G{(CO:Me),), 3.86 (s, 6 H, 2x
CHs), 4.11 and 4.22 (% dd,J = 6, 15.5, 6.5, and 15.5 Hz,R 1 H,
CH,Ph), 3.72-3.88 (m, 1H, G&iIN), 5.60 and 5.79 (% brd,J=12.5
Hz, 2 x 1 H, CH=CH), 7.15-7.58 (m, 15 H, Ar);®*C NMR 6 23.3
(CHzCHzCHz), 29.9 and 33.3QH2CH2CH2), 37.6 CHCH(COzMe)z),
52.8 (CHN), 53.8 CH.Ph), 56.5 (CKEH(CO:Me),), 59.2 and 59.4 (2
x CHg), 127.2, 128.6, 128.9, 130.9, 132.6, 132.9, 133.3, 137.6, and
137.7 (ArCH'’s and CH=CH), 140.2, 140.4, and 140.5 (Apso C),
169.1 and 169.2 (% C=0); 3P NMR ¢ 50.31; MS (El)m/z (%) 515
(40, M), 456 (70), 424 (100), 383 (80), 183 (80), 91 (90).

(E)-Dimethyl [4-(Benzylamino)cyclohex-2-en-1-yllmalonate (25a).
Method A. Compound25awas obtained fron24a using method V
(rt, 3 h) as a colorless oil (68%): IR (film) 3340, 3030, 2942, 2859,
1756, 1739, 1453, 1436, 1155, 1029 ¢mitH NMR ¢ 1.31-1.48 and
1.80-2.06 2 x m, 2 x 2 H, CHCH,), 2.85-2.99 (m, 1 H,
CHCH(CQO.Me),), 3.15-3.26 (m, 1 H, @&IN), 3.21 (d,J=9 Hz, 1 H,
CH(CO.Me),), 3.70 (s, 6 H, 2x CH;), 3.81 (s, 2 H, E1,Ph), 5.57 and
5.88 (2x d, 2 x J=10.5 Hz, 2x 1 H, CH=CH), 7.16-7.29 (m, 5
H, Ar); 23C NMR 6 26.0 and 29.7GH,CH,), 36.4 CHCH(CO,Me),),
51.2 CHN), 52.8 (2x CHs), 53.2 CH2Ph), 57.0 CH(CO:Me),), 127.3,
128.5,128.8, 129.2, and 132.8 (8H's andCH=CH), 140.9 (Aripso
C), 169.1 (2x C=0); MS (El) 'z (%) 317 (10, M™), 230 (20), 186
(25), 185 (15), 159 (55), 91 (100).

Method B. Compound25awas obtained fron28a using method
IV (66 °C, 22 h, with 11 mol % of Pd) as a colorless oil (58%), identical
with the compound prepared according to method A.

(E)-Dimethyl [4-(benzylamino)cyclohept-2-en-1-yljmalonate (25b)
was obtained fron25b using method V (rt, 14 h) as a colorless olil
(77%): IR (film) v 3335, 3020, 2921, 2849, 1733, 1434, 1194, 1152,
1026, 699 cm’; *H NMR 6 1.55-1.78 (m, 6 H, CHCH,CH,), 2.20
(brs, 1 H, NH), 3.06-3.16 (m, 1 H, GZICH(CO,Me),) 3.28-3.38 (m,

1 H, CHN), 3.44 (d,J = 9 Hz, 1 H, GH(CO:Me),), 3.65 (s, 6 H, 2x
CHs3), 3.72 (s, 2 H, €i,Ph), 5.58 and 5.67 (& dd,J = 4.5, 12, 3, and
12 Hz, 2x 1 H, CH=CH), 7.12-7.35 (m, 5 H, Ar);*3C NMR ¢ 23.6
(CH2CH2CHy), 30.0 and 32.6@¢H,CH>CH>), 38.8 CHCH(CQO;Me),),
51.6 CH,Ph), 52.8 CH(CO.Me),), 56.2 and 56.4GHN and 2x CHj),
127.4, 128.6, 128.7, 128.8, 128.9, 131.9, and 136.4 GArs and
CH=CH), 140.4 (AripsoC), 169.2 (2x C=0); MS (EIl) m/z (%) 331
(5, M**), 300 (5), 224 (5), 200 (30), 108 (20), 91 (100).

(2)-1-[Benzyl(diphenylmethyl)amino]cyclohex-2-en-4-ol (26a).To
a solution of acetat®a (488 mg, 1.19 mmol) in a 1:1 THFmethanol
mixture (6 mL) was added a solution 0£®0; (500 mg, 3.62 mmol)
in water (3 mL) in a single portion. The mixture was heated t6@0
and stirred for 26 h. Water (10 mL) was then added, and the mixture
was extracted with dichloromethane %220 mL). The organic portions
were combined, and the solvent was evaporated. Chromatography
(SiO,, petroleum etherether 1:1) afforde@6aas a colorless oil (398
mg, 1.08 mmol, 91%):R: (petroleum etherether 1:1) 0.30; IR (film)
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v 3340, 3024, 2932, 2838, 1603, 1494, 1454, 1072'cAH NMR o
1.20-1.78 (m, 4 H, G1.CH,), 3.38-3.46 (m, 1H, GIN), 3.62 (s, 2H,
CH,Ph), 3.83 (m, 1 H, €IOH), 4.90 (s, 1 H, EPhy), 5.61 (s, 2 H,
CH=CH), 7.02-7.25 (m, 15 H, Ar);%C NMR ¢ 21.3 and 30.9
(CH,CH,), 52.2 CH,Ph), 55.8 CHN), 63.7 CHOH), 69.4 CHP),

Farthing andoksiy

16 h, with 8.6 mol % of Pd) as a colorless oil (61%}4 NMR ¢ 0.95
(d,J=8Hz,3H,CH), 0.99 (dJ=8Hz,3H, CH), 2.72-2.86 (m,
1 H, CHCH(CO:Me),) 3.15 (d,d = 10 Hz, 1 H, GH(CO.Me),), 3.46—

3.64 (m, 3 H, GIN and H,Ph), 3.51 (s, 3 H, CkD), 3.63 (s, 3 H,
CH;s), 4.85 (s, 1 H, GiPhy), 5.18 and 5.42 (% dd,J =8, 16 Hz, 2 H,

126.9, 127.3, 127.4, 128.5, 128.6, 129.1, 129.6, 130.2, and 137.8 (Ar CH=CH), 6.99-7.36 (m, 15 H, Ar); MS (El)wz (%) 485 (1, M*),

CH’s andCH=CH), 141.9, 142.4, and 143.2 (ApsoC); MS (El)m/z

(%) 369 (5, M*), 346 (10), 325 (10), 200 (20), 167 (70), 91 (100).
(E)-1-Acetoxy-4-[benzyl(diphenylmethyl)amino]cyclohex-2-ene

(27a). Acetic acid (15«L, 16 mg, 262umol) was added to a solution

of alcohol26a(36 mg, 97umol) and triphenylphosphine (69 mg, 363

umol) in THF (1 mL) at 0°C. Diethyl azodicarboxylate (4L, 45

mg, 260umol) was then added dropwise, and the solution allowed to

470 (5), 325 (10), 167 (100).

(E)-(2S*,5R*)-Dimethyl [5-[benzyl(diphenylphosphinous)amidyl]-
hex-3-en-2-yllmalonate (36)was obtained froni5 using method 1V
(rt, 22 h, with 7.2 mol % of Pd) as a colorless oil (58%): IR (film)
3051, 2963, 1755, 1735, 1436, 1196, 1024 &mH NMR ¢ 0.91 (d,
J=7.5Hz,3H, CH), 1.15(d,J=7.5Hz, 3H, CH), 2.71-2.90 (m,
1 H, CHCCH(COMe),) 3.12 (d,J = 10 Hz, 1 H, GH(CO:Me),), 3.23—

stir at room temperature for 20 h. Water (5 mL) was then added, the 3.43 (m, 1 H, GiN), 3.51 (s, 3 H, CHO), 3.60 (s, 3 H, ChD), 3.82

solution was extracted with GBI, (2 x 15 mL), and the combined
organic portions were evaporated. Chromatography{Si€troleum
ether-ether 10:1) afforde®7a as a colorless oil (33 mg, 80mol,
82%): R: (petroleum etherether 15:1) 0.30; IR (filmy 3025, 2940,
1746, 1494, 1455, 1372, 1029 cin'H NMR ¢ 1.18-2.00 (m, 4 H,
CH,CH,), 1.90 (s, 3 H, Ch), 3.51-3.63 (br t,J = 8.5 Hz, 1 H, GIN),
3.64 and 3.65 (AB systend,= 14 Hz, 2x 1 H, CH,Ph), 4.90-4.97
(m, 2 H, HPh, and GHOAc), 5.59-5.74 (m, 2 H, CH=CH), 7.05-
7.33 (m, 15 H, Ar)3C NMR 6 21.7 (CH3), 26.3 and 29.1GH,CHy,),
51.7 CH,Ph), 55.3 CHN), 69.1 CHPh), 70.5 CHOAC), 126.9, 127.0,

and 4.03 (2x dd, 2 x Jyp=3.5Hz, 2x Jyny =14 Hz, 2x 1 H,
CH,Ph), 5.14 and 5.43 (& dd, 2x J= 13, 7 Hz, 2x 1 H, CH=CH),
6.81-7.40 (m, 15 H, Ar);*3C NMR ¢ 18.8 and 21.4GHCHg), 37.4
(CHCH(CO:Me),), 52.7 and 52.8 (% CO,CHs), 53.4 CH,Ph), 56.3
(CHN), 58.2 CH(CO:Me),), 127.1, 128.5, 128.6, 128.8, 128.9, 132.0,
132.7, 132.9, 133.1, 133.2, 134.9 and 135.0QWArand CH=CH),
140.3, 140.5 and 140.7 (ApsoC), 169.0 and 169.1 (2 C=0); %P
NMR 6 46.80; MS (El)m/z (%) 503 (2, M*), 412 (10), 370 (25), 304
(25), 91 (100).

(E)-(2S*,5R*)-Dimethyl [5-(Benzylamino)hex-3-en-2-ylmalonate

127.3, 127.5, 127.6, 128.4, 128.5, 128.6, 128.7, 129.2, 129.3, 129.8,(37). Trifluoracetic acid (1 mL) was added to amiB& (18 mg, 37

129.7, 130.0, and 134.9 (AtH’'s and CH=CH), 141.9, 142.2, and
143.1 (Aripso C), 171.1 C=0); MS ['CI (NH3)] m/z (%) 412 (15,
MH™), 272 (15), 244 (15), 182 (30), 167 (80), 106 (100), 91 (55).
(E)-1-Acetoxy-4-(benzylamino)cyclohex-2-ene (28a)A mixture
of trifluoracetic acid (1 mL) and acetaga (42 mg, 102 mmol) was
refluxed while stirring for 18 h, then evaporated and treated with
NaHCQ; (saturated, aqueous, 2 mL). The resulting solution was
extracted with CHCI, (2 x 3 mL), and the combined organic extracts
were evaporated. Chromatography (Si@etroleum etherether 1:2)
afforded the knowH 28aas a colorless oil (13 mg, 53mol, 52%),

umol), and the solution was brought to reflux and stirred for 16 h. The
mixture was then evaporated, treated with NaHQaturated, aqueous,

2 mL), and extracted with C¥l» (2 x 3 mL). The combined organic
extracts were evaporated, and the residue was purified by chromatog-
raphy (SiQ, petroleum etherether 1:2) to affor87 as a colorless oil

(10 mg, 31umol, 85%): IR (film)v 3320, 2955, 1733, 1443, 1150,
1019 cnt!; *H NMR 6 1.11 (d, 6 HJ = 7 Hz, 2 x CHCHj3), 1.25 (br

s, 1H, NH), 2.80-2.96 (m, 1 H, GZICH(CO:Me),), 3.12 (dt,J = 14,7

Hz, 1 H, CHN), 3.25 (d,J = 9.5 Hz, 1 H, G{(CO:Me),), 3.60 and

3.73 (AB system,J = 12.5 Hz, 2 H, G,Ph), 3.63 (s, 3 H, CkD),

whose spectral characteristics were identical to those described in the3.70 (s, 3 H, CHO), 5.35 and 5.45 (% dd, 2x J = 14, 7 Hz, 2x

literature!! IR (film) v 3315, 3024, 2940, 2870, 1748, 1447, 1241 &m
H NMR 6 1.32-2.09 (m, 4 H, CHCH,), 1.95 (s, 3 H, CH), 3.12-
3.20 (m, 1 H, ®iIN), 3.72 (br s, 2 H, @,Ph), 5.15-5.23 (m, 1 H,
CHOAC), 5.60 and 5.83 (% brd, 2x J=11 Hz, 2x 1 H, CH=CH),
7.16-7.28 (m, 5 H, Ar);33C NMR 6 21.7 (CHs), 27.3 CH,CHOAC)
and 28.0 CH,CHN), 51.3 CHzPh), 52.7 CHN), 69.6 CHOAC), 127.4,
128.1 (olefinic CHCHOACc), 128.5 (CH in Ph), 128.8, and 134.6
(olefinic CHCHN), 140.8 (AripsoC), 171.1 C=0); MS (El) m/z (%)
245 (5, M), 217 (5), 185 (15), 159 (20), 106 (20), 91 (100).
(E)-1-Acetoxy-4-[benzyl(diphenylphosphinous)amidyl]cyclohex-
2-ene (29a)was obtained fron28ausing method Il (34C, 14 h) as
a clear oil (33%): IRv 3058, 3028, 2936, 2874, 1746, 1691, 1439,
1372, 1242, 1028, 699 crfy 'H NMR ¢ 1.32-2.18 (m, 4 H, Ch-
CH,) 1.91 (s, 3 H, CH) 3.51-3.71 (m, 1 H, G&IN), 3.97 and 4.05 (2
x dd, 2x Jup=5.5Hz, 2x Jyn = 13 Hz, 2x 1 H, CH,Ph), 5.26-
5.31 (m, 1 H, G1OAc), 5.52 and 5.65 (% brd, 2x J=10.5 Hz, 2
x 1 H, CH=CH), 6.92-7.39 (m, 15 H, Ar);3C NMR 6 21.7 CHs),
28.7 and 29.1G¢H,CH,), 53.6 CH,Ph), 56.1 CHN), 70.2 CHOAC),

1 H, CH=CH), 7.15-7.29 (m, 5 H, Ar);**C NMR ¢ 19.0 and 22.6 (2
x CHCHs), 37.5 CHCH(CO:Me)y), 51.2 CH.Ph), 52.5 and 52.6 (2
x CHg), 55.4 CHN), 58.3 CH(CO,Me),), 127.2, 132.4 and 136.1 (Ar
CH’s), 128.5 and 128.8GH=CH), 141.1 (AripsoC), 169.0 and 169.1
(C=0); MS (El) m'z (%) 319 (5, M*), 230 (20), 304 (40), 212 (15),
91 (100). Identical compound was also obtained from phosphinous
amide36 in 77% yield using method V (rt, 90 min).
(E)-(5R*,8R*)-Dimethyl [8-[Benzyl(diphenylmethyl)amino]dodec-
6-en-5-yllmalonate (38). With 21 as the starting compound, method
IV (66 °C, 42 h, with 6.1 mol % of Pd) gave the unreacted starting
material21 (69%) and the substitution produ88 as a colorless oil
(25%): IR (film) v 2951, 2936, 2857, 1738, 1721, 1491, 1454, 1432,
1028 cnt; 1H NMR 6 0.61-0.80 (m, 6 H, 2x CHg3), 0.98-1.41 (m,
12 H, 2 x CH,CH,CH,), 2.69 (br q, 1 H, GBICH(CO:Me),) 3.09—
3.22 (m, 1 H, @&IN), 3.35 (d,J = 9.5 Hz, (H(COMe),), 3.43 and
3.68 (AB systemJ = 15.5 Hz, 2x1 H, CH,Ph), 3.67 (s, 6 H, 2
CHs), 4.78 (s, 1 H, EGIPh), 5.07 and 5.37 (x dd,J = 15, 9.5 Hz, 2
H, CH=CH), 6.93-7.34 (m, 15 H, Ar);*C NMR ¢ 14.4 (2 x

127.3, 128.5, 128.7, 128.8, 128.9, 129.0, 129.1, 132.5, 132.8, 132.9,CH,CH3), 22.7 and 22.9 (X CH,CHjy), 29.5 and 29.8 (2 CH,EY),

133.2, and 136.0 (A€H's andCH=CH), 140.1, 140.4, and 140.5 (Ar
ipso C), 171.1 C=0); 3P NMR 6 50.94; MS (El)miz (%) 429 (10,
M**), 386 (100), 370 (40), 290 (40), 201 (70), 183 (45), 149 (25), 91
(65).

m-Allyl Complex (32a). Tetrakis(triphenylphosphine)palladium(0)
(26 mg, 23umol) was added to a solution of acetdt@a (9 mg, 21
umol) in deuteriochloroform (0.5 mL) and the solution was allowed to
stand at room temperature for 30 min. After this time the following
spectral data were recorded for theallyl complex32a *H NMR ¢
1.50-2.16 (m, 4 H, CHCH,) 2.71-3.03 (m, 1 H, ®&iIN), 3.79 and
4.04 2x dd,Jup =6 and 8 Hz,Jyn = 15.5 Hz, 2x 1 H, CH,Ph),
4.15-4.28 and 5.435.59 (2x m, 2 x 1 H, allyl CHCHCH), 6.01-
6.16 (m, 1 H, allyl CHGICH), 6.70-7.99 (m, 30 H, Ar);3!P NMR 6
29.3 (PdPPhy), 103.7 (NPPhy).

(E)-(2S*,5R*)-Dimethyl [5-[benzyl(diphenylmethyl)amino]hex-3-
en-2-yllmalonate (35)was obtained fromi4 using method IV (66C,

32.5 and 33.5 (2< CHPr), 43.6 CHCH(CO:Me),), 51.7 (CH2Ph),
52.9 (CHN), 57.9 CH(CO:Me),), 61.6 (2x CO,CH3), 70.8 CHPh)
126.3, 127.0, 127.1, 127.7, 128.1, 128.2, 128.3, 128.7, 129.6, 132.5,
and 133.4 (ArCH's and CH=CH), 142.8, 143.2 and 144.3 (Apso
C), 169.1 and 169.4 (& C=0); MS (FAB) m/z (%) 570 (10, MH),
512 (65), 167 (100).

(E)-(5R*,8R*)-Dimethyl [8-[benzyl(diphenylphosphinyl)amino]-
dodec-6-en-5-yllmalonate (39was obtained fron22 using method
IV (rt, 90 min, with 9 mol % of Pd) as a colorless oil (57%): IR (film)
v 2951, 2923, 1759, 1737, 1431, 1240, 1142 and 1024'ciH NMR
0 0.55-0.73 (m, 6 H, 2x CH,CHg), 0.86-1.70 (m, 12 H, % CH-
CH,CHy), 2.51-2.67 (m, 1 H, GICCH(COMe),), 2.90-3.07 (m, 1
H, CHN), 3.18 (d,J = 9 Hz, 1 H, GH(CO:Me)y), 3.47 (s, 3 H, CHO),
3.53 (s, 3 H, CHO), 3.66 and 3.98 (% dd,J =15, 2.5 Hz, 2x 1 H,
CH2Ph), 4.98 and 5.34 ( dd, 2x J=9, 15.5 Hz, 2x 1 H, CH=CH),
6.74-7.40 (m, 15 H, Ar);3C NMR ¢ 14.4 and 14.5 (2« CH,CHs),
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22.8 and 22.9 (2« CH,CHy), 29.5 and 29.7 (2« CH,Et), 35.0 and
35.2 (2 x CH.Pr), 43.1 CHCH(CO:Me),), 52.8 CHN), 53.3 CHo-
Ph), 57.5 CH(CO.Me),), 61.5 and 61.8 (% CO,CHs), 127.1, 128.5,
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v 3305, 3019, 2915, 2813, 1446, 1392, 1185, 1079%AH NMR o
1.94-2.20 (m, 4 H, CHCH;,), 3.49 (br s, 1 H, EIN), 3.61 (s, 3 H,
CHj3), 3.91 (br s, 1 H, EIOMe), 4.07 and 4.09 (AB systerd,= 14.5

128.6, 128.7, 128.8, 129.0, 132.2, 132.7, 133.0, 133.4, 134.3, 135.2,Hz, 2 H, (H,Ph), 6.13 and 6.17 (br AB systerd,= 11.5 Hz, 2 H,

and 135.3 (ArCH’s and CH=CH), 140.3, 140.8 and 141.0 (Apso

C), 169.1 and 169.2 (2 C=0); 3P NMR ¢ 45.92.
(E)-(5R*,8R*)-Dimethyl [8-(Benzylamino)dodec-6-en-5-yllma-

lonate (40). Trifluoracetic acid (0.5 mL) was added to amig@g (14

mg, 25umol), and the solution was brought to reflux and stirred for

20 h. The mixture was then evaporated, treated with NaHCO

(saturated, aqueous, 3 mL), and extracted with,@H(2 x 4 mL).

CH=CH), 7.47-7.66 (m, 5 H, Ar); C NMR ¢ 25.5 and 25.7
(CH,CH,), 51.3 CH,Ph), 52.8 CHN), 56.5 (OCH3), 73.9 CHOMe),
127.3, 128.5, 128.7, 128.8, and 134.1 @#’s andCH=CH), 141.1
(Ar ipso C); MS (El) m/z (%) 217 (5, MH"), 189 (60), 159 (60), 106
(55), 91 (100).
(2)-1-[Benzyl(diphenylphosphinous)amidyl]-4-methoxycyclohex-
2-ene (50)was obtained frond9 using method Il (34C, 18 h) as a

The combined organic extracts were evaporated, and the residue wasolorless oil (85%): IR (filmy 2922, 2870, 1439, 1185, 1121 cin

purified by chromatography (SiOpetroleum etherether 1:1) to afford
40 as a colorless oil (10 mg, 2amol, 99%): IR (film)»v 3320, 2925,
2856, 1735, 1433, 1041, 1026, 975 ¢in*H NMR ¢ 0.95-1.07 (m,
6 H, 2 x CH3), 1.31-1.70 (m, 12 H, ®,CH,CH>), 2.90-3.03 (m, 1
H, CHCH(CO:Me),) 3.07-3.16 (m, 1 H, G&iN), 3.56 (d,J = 9 Hz,
CH(CO:Me),), 3.71 and 3.90 (AB systend,= 13 Hz, 2 H, GH,Ph),
3.83 (s, 3 H, CHO), 3.85 (s, 3 H, CKD), 5.406-5.57 (m, 2 H,
CH=CH), 7.33-7.50 (m, 15 H, Ar)23C NMR 6 14.4 (2x CH,CHy),
22.7 and 23.1 (2 CH,CHs), 28.7 and 29.7 (2 CHyEt), 32.7 and
36.2 (2x CH,Pr), 43.3 CHCH(CO:Me),), 51.7 CH,Ph), 52.7 CHN),
57.7 and 60.5QCH(CO:Me), and 2 x CO,CHg), 127.2, 128.6, 128.8
and 132.2 (AICH’s andCH=CH), 137.0 (AripsoC), 169.0 and 169.3
(2 x C=0); MS (FAB) mVz (%) 404 (100, MH), 346 (40), 297 (15),
165 (35), 154 (50). Identical compound was also obtained from
phosphinous amid8&9 in 83% yield using method V (rt, 2 h).
(2)-1-[Benzyl(diphenylmethyl)amino]-4-methoxycyclohex-2-ene
(46). To a solution of alcoho26a (95 mg, 257umol) in DMF (2 mL)
was added NaH (15 mg, 60% in oil, 3Z8nol), and the solution was
allowed to stir for 5 min. Mel (4QuL, 642 umol) was then added

dropwise, and the solution was stirred at room temperature for 38 h.

H NMR 6 1.10-1.82 (m, 4 H, G1,.CHy), 3.18 (s, 3 H, El3), 3.32-
3.45 (m, 2 H, GIN and GHOMe), 4.02 and 4.06 (% dd,J = 6.5,
15.5and 5.5, 15.5 Hz, 2 H,KGPh), 5.62 (d,J = 12 Hz, 1 H, GH=CH),
5.70 (br d,J = 12 Hz, 1 H, CH=CH), 6.85-7.37 (m, 15 H, Ar):33C
NMR ¢ 25.5 and 26.6@H-CH,), 53.6 CH2Ph), 56.7 and 56.80HN
and CCHg), 72.5 CHOMe), 127.2, 128.6, 128.7, 128.8, 129.0, 129.2,
132.6, 132.8, 133.0, 133.3, 136.4 and 136.5 QAt's and CH=CH),
140.4, 140.6 and 140.8 (Apso C); 3P NMR 6 52.06.
(2)-1-[Benzyl(diphenylphosphinous)amidyl]-4-methylcyclohex-2-
ene (52). To a solution of methoxy derivative0 (185 mg, 46Jumol)
and bis(triphenylphosphine)nickel(ll) chloride (10 mg, d&ol, 3.3
mol %) in THF (5 mL) at 0°C was added methylmagnesium bromide
(2.50 mL, 1.4 M in a 3:1 tolueneTHF mixture, 2.10 mmol, 4.6 equiv)
dropwise, and the reaction mixture was allowed to warm slowly. After
6 h, by which time the temperature had reached@pwater (5 mL)
was added cautiously, and the solution was extracted with dichlo-
romethane (2x 10 mL). The mixture was then concentrated by
evaporation, and the residue was purified by chromatographDgAl
petroleum etherether 1:10) to afforb2 as a colorless oil (132 mg,
74%): 'H NMR 6 0.89 (d,J = 8.5 Hz, 3 H, G13), 1.16-1.72 (m, 4 H,

Ethyl acetate (10 mL) was then added, and the mixture was extractedCH,CH,), 1.90-2.06 (m, 1 H, GICH;s), 3.41-3.56 (m, 1 H, GIN),

with water (2x 5 mL). The organic portion was evaporated, and the
residue was purified by chromatography (gi@etroleum etherether
15:1) to afford46 as a colorless oil (41 mg, 1Q#mol, 42%): IR (film)
3019, 2920, 1487, 1445, 1071, 692 ¢in*H NMR ¢ 1.25-1.86 (m,

4 H, CH,.CH,), 3.22 (s, 3H, Ch), 3.39-3.45 (m, 1 H, &IN), 3.69 (s,

2 H, CH,Ph), 4.96 (s, 1 H, BPh), 5.65 (dJ =12 Hz, 1 H, Gi=CH),
5.78 (br d,J = 12 Hz, 1 H, CH=CH), 7.05-7.27 (m, 15 H, Ar);13C
NMR ¢ 22.1 and 26.9@H,CH), 51.8 CH2Ph), 55.8 and 56.60HN
andCHOMe), 68.8 CHPhy), 126.6, 127.1, 127.3, 128.3, 128.4, 128.5,
128.7,129.3,129.7, 130.5, 132.8, 136.1 @M’'s andCH=CH), 142.2,
142.3, and 143.0 (Aipso C); MS (El) m/z 383 (5, MH"), 355 (10),
325 (10), 182 (65), 167 (40), 105 (100), 84 (75).

(2)-1-Chlorocyclohex-2-en-4-ol (47).Potassium carbonate (600 mg,
4.34 mmol) was added to a solution 8f(450 mg, 2.59 mmol) in a
mixture of THF (4 mL), methanol (4 mL), and water (4 mL), the
mixture was stirred at room temperature foh and then diluted with
water (20 mL). The product was extracted with dichloromethane (3
x 20 mL); the organic layer was washed with water, dried, and
evaporated. Chromatography (Si@etroleum etherether 1:1) af-
forded the knowff 47 (225 mg, 66%¥ as a pure productH NMR
01.60-1.82 (m, 2 H), 1.86-1.97 (m, 2 H), 2.37 (s, 1 H, OH), 4.02
(brt, 1 H, GHOH), 4.36 (m, 1 H, CHCI), 5.66 (s, 2 H, GHCH); 13C
NMR ¢ 29.2 (t), 30.3 (t), 54.5 (dCHCI), 66.2 (d,CHOH), 130.0 (d),
134.3 (d).

(2)-1-Chloro-4-methoxycyclohex-2-ene (48).A mixture of the
alcohol 47 (59 mg, 445umol), methyl iodide (1 mL), and silver(l)
oxide (120 mg, 51&mol) in acetonitrile (1 mL) was refluxed for 14
h. The mixture was filtered through a small pad of aluminum oxide,

4.07 and 4.11 (2 dd,J = 5, 14.5 and 6.5, 14.5 Hz, 2 H,HzPh),

5.47 and 5.60 (%« brd,J=11.5 Hz, 1 H, CH=CH), 6.84-7.45 (m,

15 H, Ar); 13C NMR 6 19.5 (CH3), 25.1 CH.CHMe), 27.0 CH,CHN),

28.1 CHMe), 52.1 CH2Ph), 54.3 CHN), 125.6, 126.9, 127.0, 127.1,
127.4, 127.5, 127.6, 129.3, 129.4, 131.0, 131.3, 131.5, 131.8, 132.8,
and 134.1 (ArCH’s and CH=CH), 139.3, 139.4, and 139.5 (Apso

C); 3P NMR 6 50.73; MS (El)m/z (%) 385 (30), 290 (55), 277 (55),
183 (100), 91 (55).

(2)-1-(Benzylamino)-4-methylcyclohex-2-ene (53)as obtained
from 53 using method V (rt, 2 h) as a colorless oil (80%): IR (film)
v 3325, 3018, 2952, 2923, 2862, 1604, 1495, 1453, 730:,cid NMR
0 0.90 (d,J=8Hz, 3H, Hs), 1.20-1.72 (m, 4 H, G,CH,), 2.03—
2.15 (m, 1 H, GICHs), 3.02-3.11 (m, 1 H, GIN), 3.74 and 3.77 (AB
systemJ = 14.5 Hz, 2 H, ¢1,Ph), 5.60 and 5.70 (& brd,J=12.5
Hz, 1 H, (H=CH), 7.13-7.35 (m, 15 H, Ar);*3C NMR 6 21.5 CHa),
27.1 CH.CHMe), 27.6 CH.CHN), 30.6 CHMe), 51.7 CH,Ph), 52.0
(CHN), 127.2,128.5, 128.8, 129.1, and 135.7 @'s andCH=CH),
141.2 (Aripso C); MS (Cl) m/z (%) 201 (30), 173 (30), 159 (50), 144
(25), 91 (100).

(2)-1-[Benzyl(ert-butyloxycarbonyl)amino]cyclohex-2-en-4-ol (55).

To a solution of amino acetaga (990 mg, 4.04 mmol) and 4(N)-
(dimethylamino)pyridine (50 mg, cat.) in dichloromethane (20 mL) was
added ditert-butyl dicarbonate (1.30 g, 5.96 mmol), and the solution
was allowed to stir at room temperature for 14 h. The solution was
then evaporated and loaded onto a flash column{gi®wvashed with
1% triethylamine in petroleum ether), and the spot at OR0n
petroleum etherether 2:1 was collected. This crude produst)(was
then dissolved in a 1:1 THFmethanol mixture (6 mL), and }COs

solvent was evaporated in vacuo, and the residue was purified by (500 mg, 3.62 mmol) in water (3 mL) was added. The mixture was

chromatography (Si§petroleum etherether 10:1) to give the knovih
48 (57 mg, 87%):*H NMR ¢ 1.70-1.82 (m, 2 H), 1.83-2.04 (m, 2
H), 3.22 (s, 3 H, MeO), 3.64 (m, 1 H,HOMe), 4.40 (m, 1 H, CHCI),
5.75 (s, 2 H, CH=CH); 23C NMR 6 24.3 (t), 30.1 (t), 54.6 (dCHCI),
56.2 (q, MeO), 74.5 (dCHOMe), 130.5 (d), 131.7 (d).
(2)-1-(Benzylamino)-4-methoxycyclohex-2-ene (49)as obtained
from 48 using method I (rt, 18 h) as a colorless oil (93%): IR (film)

(45) Andersson, P. Gl. Org. Chem1996 61, 4154.

then stirred at room temperature for 72 h. Water (10 mL) was then
added, and the mixture was extracted with dichloromethane (5
mL). The organic portions were combined, and the solvent was
evaporated. Chromatography (Si(etroleum etherether 1:1) af-
forded55 as a colorless oil (710 mg, 2.47 mmol, 61%): IR (film)
3290, 2980, 2934, 1739, 1369, 1256, 1095, 1067cAtH NMR (all
peaks broadened due to restricted rotation of BOC greuf)15—

1.68 (M, 4 H, CHCH,), 1.27 (br s, 9 H, C(CH)s), 2.31 (br s, 1 H,
OH), 3.84-3.98 (m, 1 H, GiN), 4.13 and 4.28 (2 brd, 2x J =
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15.5 Hz, 2 H, ®,Ph), 4.34 (m, 1 H, EIOH), 5.53 (br dJ = 11.5 Hz, Ry in petroleum etherether 4:1 was collected. This clear 68 was

1 H, CH=CHCHN), 5.70 (br d,J = 11.5 Hz, 1 H, CH=CHCHOH), then dissolved in trifluoracetic acid (2 mL) and the solution was stirred
7.10-7.26 (m, 15 H, Ar);**C NMR 6 23.0 CH.CHN), 28.7 (3 x at room temperature for 3 h. The mixture was then evaporated,
CHj3), 30.4 CH.CHOH), 48.7 CH.Ph), 54.0 CHN), 63.1 CHOH), NaHCGQ; was added (saturated, agueous, 5 mL), and the solution was
80.5 (C(CHg)3), 127.1, 128.6, 131.6, and 133.2 (BH's andCH=CH), extracted with dichloromethane 2 10 mL). The combined organic
140.3 (Aripso C), 156.1 C=0). portions were then evaporated to aff@® as a colorless oil (84 mg,

(E)-1-[Benzylert-butyloxycarbonyl)amino]cyclohex-2-en-4-ol (57). 68%): IR (film) v 3330, 2932, 1454, 1103 ch *H NMR ¢ 1.42—
To a solution of alcohob5 (710 mg, 2.47 mmol), triphenylphosphine  1.65 and 2.142.30 (2x m, 2 x 2 H, CH,CH,), 3.32-3.41 (m, 1 H,
(2.35 g, 8.96 mmol), and acetic acid (535 mg, 8.90 mmol) in THF (15 CHN), 3.43 (s, 3 H, CH), 3.86-3.95 (m, 1 H, ¢{OMe), 3.93 (s, 2 H,
mL) at 0°C was added dropwise diethyl azodicarboxylate (1.40 mL, CH.Ph), 5.92 (s, 2 H, CHCH), 7.26-7.40 (m, 5 H, Ar);**C NMR ¢
8.94 mmol). The solution was warmed to 4C and stirring was 27.5 and 28.4GH.CH,), 51.3 CH,Ph), 53.4 CHN), 56.1 (GCHs),
continued for 22 h. The reaction mixture was then cooled, and water 75.7 CHOMe), 127.4, 128.6, 128.7, 128.9, and 135.1 (2k’s and
(10 mL) was added. The mixture was extracted with dichloromethane CH=CH), 140.9 (Aripso C); MS (EI) m/z (%) 218 (100, MH), 185
(2 x 20 mL), and the combined organic portions were evaporated. The (20), 159 (15), 110 (15), 91 (10).

residue was then loaded onto a flash column é'ﬁl@nd the Spot at (E)-l-[Benzy|(dipheny|phosphinous)amidy|]-4_methoxycyc|0hex-
0.40R in petroleum etherether 6:1 was collected. This crude product 2-ene (60)was obtained frons9 using method Ill (34°C, 16 h) as a
(56) was then dissolved in a 1:1 THffmethanol mixture (2 mL), k& clear oil (69%): IR (film)» 2926, 1439, 1180, 1120, 1101, 722 ¢m

C0O; (150 mg, 1.09 mmol) in water (1 mL) was added, and the mixture 14 NMR ¢ 1.15-2.02 (m, 4 H, CHCH,), 3.21 (s, 3 H, Ch), 3.50~
was stirred at room temperature for 96 h. Water (5 mL) was then added, 3.69 (m, 1 H, GIN) 3.71-3.81 (m, 1 H, GiOMe), 3.95-4.12 (m, 2
and the mixture was extracted with dichloromethanex(20 mL). H, CH,Ph), 5.63 and 5.76 (& brd, 2x J= 11.5 Hz, 2 H, GI=CH),
The organic portions were combined, and the solvent was evaporated.g 87-7.80 (m, 15 H, Ar);23C NMR ¢ 29.2 and 29.6GH.CH,), 53.7
Chromatography (Si§) petroleum etherether 1:1) afforded7 as a (CH,Ph), 56.0 CHN), 56.6 (OCH3), 76.0 CHOMe), 127.3, 128.5,

colorless oil (169 mg, 59Bmol, 24%): *H NMR (all peaks broadened  128.6, 128.7, 128.8, 128.9, 129.0, 129.1, 130.6, 132.5, 132.8, 132.9,

due to restricted rotation of BOG) 1.12-1.40 (m, 4 H, CHCHy), 133.3, 134.5, and 134.6 (A&H's andCH=CH), 140.1 (2x C), 140.5
1.17 (br s, 9 H, C(CH)3), 2.14 (br s, 1 H, OH), 4.004.80 (m, 4 H, (Ar ipso C); 3P NMR & 49.92.
CHN, CHOH and G4.Ph), 5.39 and 5.60 (br d,= 12.5 Hz, 2x H,

CH=CH), 7.05-7.23 (m, 15 H, Ar);*3C NMR ¢ 27.2 CH.CHN),
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of alcohol57 (164 mg, 571umol) in DMF (4 mL) was added sodium

hydride (35 mg, 60% in mineral oil, 87&mol) and the reaction mixture Supporting Information Available: Detailed experimental

was stirred for 5 min. Methyl iodide (100L, 1.61 mmol) was then  procedures, HRMS, and combustion analysis data (13 pages,

added dropwise. After the mixture was stirred at room temperature print/PDF). See any current masthead page for ordering
for a further 18 h, ethyl acetate (10 mL) was added, and the solution information and Web access instructions.

was extracted with water (% 3 mL). The organic layer was then
evaporated and loaded onto a flash column ¢Badd the spot at 0.30 JA980222L



