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The NK-1 receptor antagonist 1 has been prepared in seven steps from phenylglycine methyl ester. The key steps are a double ring closing
metathesis reaction of tetraene 7 to prepare spirocycle 6 and a reductive Heck reaction to introduce the aryl moiety. This latter reaction
discriminates the olefins of compound 6 and proceeds in a highly regio- and stereoselective manner.

As part of our ongoing program to prepare selective NK-1 development purposes, a shorter and more practical synthesis
receptor antagonists, we required an efficient enantioselectiveof compoundl was required.

synthesis of the 1-oxo-7-azaspirodecan&uch a synthesis
should be suitable for generating multigram quantities to

::I](()jvxg)f((;rgzzstematm variation of alkyl groups on nitrogen metathesis (RCM) reactiochiWe have recently reported the

The initial route to this compound used a reductive Heck d|a§tereoselect|ve dogble_ RCM -reactlon of amino acid
reaction of spiroalkeng with an aryl iodide to set the final ~ derived tetraeneéa—d: This reaction afforded the spiro-

stereocenter (Scheme 4Yhe spiroalkene was obtained in  ¢yclic compound$a—d in >90% ds, and we envisaged that
this approach could be extended to spirodién@&® = Ph)

(Scheme 2%.In this case, suppression of epimerization at

We were attracted to the possibility of forming both the
spirocyclic rings in a single step using a double ring closing

Scheme 1 the labile benzylic stereocenter during the synthesis of the
o metathesis precurs@rwould be needed. Selective function-
H 0 alization of the two olefins in produd would also be a
., - significant synthetic challenge.
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three steps from keton®&; however, this itself required a o~
seven-step synthesis including a resolufiofcor further 0o 0
Z Z —_— Z 7
* Questions regarding the NOE studies should be addressed to D. J. \/\N 'R N~ R
Kennedy (derek_kennedy@merck.com) and those concerning the molecular Ts Ts
modeling to J. M. Goodman (j.m.goodman@ch.cam.ac.uk). 4a-d 5ad
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Cambridge, CB2 1EW, UK.
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On the basis of our previous work, the tosyl group was of the major isomer to known intermediates (vide infra)
chosen as a suitabM-protecting group, and hence, com- confirmed this assignment. The pseudoaxial orientation of
mercially available phenylglycine estBrwas converted to  the phenyl group was also ascertained by NOE studies, and
its N-tosyl derivative9 by reaction with tosyl chloride and  this may be significant to the stereochemical outcome of the
triethylamine (Scheme 3). Cerium-mediated addition of RCM reaction. When employing benzyl protecting groups
vinylmagnesium bromide to esté& afforded the tertiary  on nitrogen (Bn or PMB), the selectivity of the related double
alcohol 10 without loss of optical purity as determined by RCM reaction was reversed, i.&-epi-6was favored over
chiral HPLC methods (Diacel Chiracel OD-R 0.4625¢cm g in Scheme 4 (Bn protecting group instead of Ts, 65% ds).

column). As expected, in the absence of cerium chloride, NMR studies of these spirocyclic compounds then indicated
1,4-addition to the enone intermediate (structure not shown) that the 6-phenyl group was equatorial.

was a significant side reactiohl,O-Diallylation of 10 was
achieved in a single step by reaction with excess sodium
hydride and allyl bromide to give tetraenein excellent

yield. Scheme 4
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Z "MgBr To complete the synthesis of tardetselective function-
0= OH alization of the two olefins o6 was now required. Initial
A NaH.THF, DMPU /\/f\/ studies looked at the selective removal of the piperidine
, Br , olefin; however, this led to mixtures of reduced products.
NN ph g TsNH” “Ph i :
Ts o 97% 10 An ambitious approach was to perform the reductive Heck

reaction on the diene and hope for a regio- and stereoselective
reaction. In theory, provided only single addition occurs,
eight different isomeric products could result. We were
gratified to find that reaction of spirodieewith aryl iodide

12, in the presence of catalytic palladium acetate, afforded
the desired compouriBin 60% yield with 90% ds (Scheme

5). Notably the addition of water (5%) to the reaction solvent

The key double RCM reaction af proceeded smoothly
under our previously optimized conditions employing the
Grubbs’ catalystl1® (Scheme 4). With only 4 mol % of
catalyst, this gave the two chromatographically distinct and
crystalline diastereoisomesand 5-epi-6n 86% yield and
70% ds, favoring the desired compouh@ihe stereochem-
istry of the products was determined by NOE studies. In
particular, the minor isomer 8pi-6 gave an NOE enhance- Scheme 5
ment as shown that was absent in the major isofeh OBn
single-crystal X-ray determination and subsequent conversion ]
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in the absence of this additive significant quantities of Me), 5b (R = i-Pr), and their C-5 epimers using the MM2*
regioisomeric products were observed. In line with previous force field® as implemented in Macromodelshowed that
studies, the arylpalladium species approached from the lessn each case there was little energetic difference between
hindered face of the dihydrofuran to give the desired epimer. the two diastereoisometsThis suggests that these reactions
This stereochemical outcome was deduced by a single NOEdo not proceed under thermodynamic control as good
interaction as shown and confirmed by later comparison with selectivity was obtained in RCM reactions to prodixze
known intermediates. and 5b (>90% ds). In contrast, when compariBg(R =
Hydrogenation ofl3 using Pearlman’s catalyst cleaved Ph) with5-epi-6, a larger energy difference (ca. 10 kJ/mol)
the phenolic protecting group and reduced the remaining in favor of 6 was calculated. Hence, it would have been
double bond. Removal of the tosyl protecting group was expected, on the basis of thermodynamic considerations, that
achieved by reaction with sodium naphthalide to glvi a higher selectivity would be obtained for this compound
78% vyield over the final two steps. This completed the rather than the observed lower selectivity.
synthesis of an important NK-1 receptor antagonist in  We have also resubjected purifi€dand 5-epi-6 to the
optically pure form from a commercially available starting metathesis reaction and found that they do not equilibrate
material in just seven steps, without the need for a resolution. under these conditions, even under an ethylene atmosphere.

Formation of theN-Boc derivative ofl gave material In view of this it is worth considering that as two rings are
identical in all respects (NMR, HPL@,p) to that synthesized  formed, the order of ring formation is important, i.e., the
previously! reaction could proceed by the initial formation of either a

With the synthesis of compourfdcompleted, we turned five- or a six-membered ring (Path A or Path B in Scheme
our attention to the mechanistic aspects of the double RCM 6). The relative energy levels of monocyclized intermediates
reaction. We were surprised by the lower selectivity obtained may be more significant in determining the stereochemical
for the RCM of tetraen@® compared with those of related outcome than those of the final product.
tetraenegla—d (70% ds vs>90% ds)? To obtain an insight In an attempt to detect these intermediates and elucidate
into this differing selectivity and the origin of the stereo- the mechanistic pathway, a reaction was carried out with
control, molecular modeling studies were carried out. reduced catalyst load. Hence, treatment of the starting
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and14b formed in approximately equal amounts. Addition- To summarize, three intermediates in the double ring
ally, small quantities of the six-membered rih§aand the closing metathesis reaction of tetraéhleave been isolated.
eight-membered ringl6 were produced. Moreover, the This has allowed us to propose that the predominant pathway
relative ratios ofl4a, 14b, and15ato each other remain  operating is the initial formation of the dihydrofurans. Re-
constant throughout the course of the reaction. On the basissubjection of these intermediates to the reaction conditions
of these observations, the predominant pathway operatinghas provided further insight into the reaction mechanism. In
is the initial formation of the five-membered ring (Path*A).  conjunction with the regio- and stereoselective reductive

When re-subjecting the monocyclic compounds o the eck reaction, this chemistry has allowed for a new seven-
reaction conditions, the isolated intermediatds and 15a step synthesis of a key NK-1 receptor antagonist.

both reacted to afford the expected metathesis proglast
the sole spirocycle. Surprisingly, whédbwas re-subjected
to the reaction conditions, a 65:35 mixture oépi-6and6
was obtained. We believe this mixture results from the
expected formation o5-epi-6as well as cyclization of the
pendant allyl group onto the preformed dihydrofuran ring trometry.

(to give 15a)1° The exclusive conversion d4aand15ato

give 6, together with the nonequilibration of the final Supporting Information Available: Experimental pro-
spirocycles, provides evidence that the reaction selectivity cedures and spectroscopic data for compoundé-Boc-1,

is usually based on the first cyclization. However, the 6, 5-epi-6,7, 9, 10, 13 14a 14b 15b and 16. Tables of
conversion ofl4b into a mixture of5-epi-6and6 indicates  molecular modeling data. This material is available free of
that competing pathways can operéte. charge via the Internet at http://pubs.acs.org.
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