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Abstract:

Highly reactive titanium imido complexes have been generated by the reaction of primary amines with
monocyclopentadienyl titanium (IV) complexes. These transient imido complexes have been trapped
via intramolecular [2 + 2] cycloadditions with tethered alkynyl moieties. This transformation has been
used to prepare a variety of representative heterocycles via catalytic (CpTiCI3 mediated] and
stoichiometric [CpTi(CH3)2CI mediated] annulations of alkynylamines.

Additionally, the azatitanetines generated in stoichiometric [2+2] imido-alkyne cycloadditions have
been shown to engage nucleophiles in subsequent bond-forming reactions.

The utility of these new methods in natural products synthesis was shown by their use in concise total
syntheses of (+)-monomorine I and (+)-preussin.
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ABSTRACT

Highly reactive titanium imido cemplexes have been
generated by the reaction of primary amines with
monocyclopentadienyl titanium (IV) complexes. These
transient imido complexes have been trapped via
intramolecular [2 + 27 cycloaddltlons with tethered alkynyl
moieties. This transformation has been used to prepare a
variety of representative heterocycles- via catalytic
[CpTicl, mediated] and stoichiometric TCpTi(CH,),Cl mediated]
annulations of alkynylamines.

Additionally, the azatitanetines generated in |
stoichiometric [2 + 2] 1m1do—a1kyne cycloadditions have been
shown to engage nucleophiles in subseguent bond~-forming
reactions.

The utility of these new methods in natural products
synthesis was shown by their use in conc¢ise total syntheses
of (+)-monomor1ne I and (+)—preu551n,




INTRODUCTION

The development of transition metal mediated
carboannulation methods has greatly enhanced the chemist®s
ability to elaborate the cyclic skeletons of many
biologically active carbogens. Two powerful examples of
these methods are intramolecular carbene cycloadditionl® and

ligand cyclization reactions3 (Eg- | and Eg. 2).

Eqg. 2
While the reactions in Eg. 1 and Eg. 2 both effect ring
annulation, the [2+2] cycloaddition of Eg. 1 has the added

advantage of generating a metallocyclobutane or
metallocyclobutene which may serve as an intermediate for
further elaboration. The utility of intramolecular carbene-

alkyne cycloadditions in natural product synthesis was



2
exemplified by Semmelhack®™s synthesis of deoxyfrenolicin4

(Scheme 1).

DDQ
51% from |

deoxyfrenolicin

Scheme 1



3
The analogous transformations of amido and imido
complexes that would lead to heterocyclic products have
received little or no attention. Recently, Marks described
the catalytic hydroamination of terminal alkenes proceeding

via amidolanthanide complexes56 (Scheme 2).

H

|
Cp2LnN-X,

Scheme 2

Prior to the work reported in this thesis, there were
no examples of the iImido analog of the intramolecular
carbene cycloaddition reaction. As with the carbene-olefin
cycloaddition, imido complex-olefin cycloadditions could

potentially provide exploitable metallocyclic intermediates
(Eg. 3).

S" "N=MLn

Eg. 3



BACKGROUND

Transition metal imido complexes78 are defined as
complexes bearing at least one imido ligand (N-R) on the
metal. All monoimido complexes possess M-N-C bond angles
greater than 155°, indicating extensive participation of the
nitrogen lone pair in bonding interactions with the metal.
With bisimido complexes it is possible to have smaller M-N-C
bond angles due to saturation of the metal d-orbitals having
it symmetry. However, there is only one clear example of a
bent imido ligand. The molybdenum complex Mo(NPh)2(SXNEt2)2
shown below has both a linear (169°) and a bent (139°) imido

ligand9 (Figure 1I).

NEE2
Ph
NEE2
Figure 1. Linear and Bent Molybdenum Bisimido Complex.

The reaction chemistry of imido complexes, to the
extent that it has been determined, is quite varied and
depends largely on the metal and the other ligands present7.
For example, methylimido rhenium complexes are readily

deprotonated due to the increased acidity of the methyl (B)



5
protonsl10. This is a direct reflection of the

electronegativity of the metal (Eg. 4).

L

Cl
= 2py
Cl— Re=N— CH3 Cl— Re-N = CH2
- py-HCI

A, py °
L=PPh3, PCH3Ph2, PEtPh2

Eq. 4

A more extreme case of the reactivity imparted on
protons li to the metal was seen with the related osmium
complex O0sOANCH3I1. Solutions of this methyl amido complex
exploded when warmed to -40 °C. The inherent instability of
osmium imido complexes bearing Ml protons has been the major
limitation in the otherwise useful oxyamination and

diamination reactions mediated by imido osmium complexesl?

(Eg. 5).

XX PhCHICH2

Xy NR Ph

X=01NR; Rstertiary alkyl

Egqg. 5

Another mode of reactivity of imido complexes is C-H

insertion. Two interesting examples are presented here



6
(Eg. 6183 and Eq. II®, and more recent examples with a direct

bearing on the work in this thesis will be discussed later.

Eq. 7

In contrast to the [3 + 2] addition mode of the imido
osmium complexes observed in oxyamination and diaminations,
a trifluoroacetimido manganese complex1l5 effects aziridine
formation when treated with cyclooctene (Eq. 8). This 1is
currently the single example of the imido analog of the
epoxidations mediated by oxo complexesl6.

Catalytic processes which have been suggested to

proceed via imido complexes include the ammoxidation of



COCF3

OCOCF3

Eg. 8

propylene and methylarenes”™. A partial mechanism for the
ammoxidation of propylene that includes a molybdenum imido

complex has been advancedl7 (Scheme 3).

B1203ZMo0O3
450 °C

CH3CH=CH2 + NH3

° > " NH

Scheme 3

Although hundreds of transition metal-imido complexes
are now known7-ie, only a few are known to engage olefins in

cycloaddition reactions. Foremost among these are osmium
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imido complexes which effect oxyamination or diamination of

olefins via [3+2] cycloadditionsl2 (Eq. 9).

PhCH==CH2

| XNX

X=0, N-t-Bu
Eqg. 9

Additionally, aziridine formation with
trifluoracetimido manganese complexes likely proceed via

[2 + 2] cycloaddition onto the alkenels (Eq. 10).

Eqg. 10

Prior to 1988, [2+2] cycloaddition reactions of imido
complexes onto alkynes were unknown. At this time, Bergman
and Wolczanski, in concurrent publications, presented the
first examples of monomeric zirconium imido complexesl9/2l.

The imido zirconocene complexes described by Bergman
were generated by thermolysis of the corresponding methyl

amido complexes. When alkynes were present in the reaction



9
mixture, they were engaged in intermolecular [2+2]
cycloadditions to give azazirconetines. In the absence of
alkynes or stabilizing ligands, imido zirconocene complexes

dimerized to bridging complexesl® (Scheme 4).

85 °C
3 days
CRZ "Cp
% 71N / nan
r- R1C= CR2
Cp<I CpZr= N—R R— NX N -R
Cp zCp
THF
C VAN
P Zr=N -
Cpx :
Scheme 4

An exception to this mode of reactivity was observed
upon generation of the bulky t-butyl imido zirconocene
complex. In this case the preferred pathway culminated in
insertion into the C-H bonds of the solvent benzene. This
was analogous to the reactivity observed by WolczanskiZ
wherein activation of benzene C-H bonds was achieved (Eg.- 11
and Eg. 12).

Our entry into the arena of Group IV imido chemistry

was precipitated by a combination of Bergman®s report on
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1 1

C6H6 Zr— N-
Cp
Eq. 11
Ph H
. C6H6 .
(VBuU3SiNH)2Zr= NSM-Bu3 (VBU3SiNH)2Zr — NSI-VBu3

Eg- 12

intermolecular couplings of imido zirconocene complexes with
alkynes, and an earlier reaction observed by Teuben22.
Specifically, it was noted by Teuben that
monocyclopentadienyl titanium amido complexes spontaneously
dimerized in solution with concomitant loss of HCI to give

bridging imido dimers (Eg. 13).

cl H cyeer
- HCl
cpTicI3 RNHTMS Cp TN - R
-TMSCI Cll R IX
c £p
Eqg. 13

Though Teuben did not speculate that imido complexes
were intermediates in this process, it seemed likely that
the dimerization proceeded along a reaction pathway
analogous to that later elucidated by Bergman for the

formation of bridging imido zirconocene complexes. IT true,
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this would dictate imido complexes as intermediates
(Eq. 14).

I XFT

= HCI

Cp— TI-N—R R R-N N— R
c xp

Eq. 14

Teuben also observed anomolous behavior with amido
complexes derived from t-butylamine. In this case,
dimerization (and thus imido complex formation) could only
be effected by treatment of the amido complex with PhLi or
CHL 1. However, dimerization was still the preferred
reaction pathway, not C-H activation as observed by
Bergmanl9.

It has not been determined whether addition of the
organolithium to the t-butylamido titanium complex results
in displacement of a chloride on titanium, or in metallation
of the amide nitrogen. However, either process would give
an iIntermediate more prone to elimination than the parent
amido complex itself (Scheme 5).

The ease of formation of the bridging imido dimers
suggested that the putative monomeric imido complexes
formed readily from the amido complexes. Additionally,
these monocyclopentadienyl complexes would be expected to be

more electron deficient than imido zirconocene complexes.



12

CpTlI-——N
Ccl H
1 |
CpTi—N Ti=
a
CpTl— N
Scheme 5

Our goal at the outset of this research was to take
advantage of this ease of imido complex formation and to
exploit the reactivity of these transient species to effect

intramolecular [2+2] cycloadditions (Eg.- 15).

H Cp
| - v/,. T
CpCIZT 1 =N CpCin=N - N
R——N"=_ R—
R n
Eq. 15

Once the reactivity of these complexes had been
ascertained, we hoped to utilize the [2+2] cycloaddition
in total syntheses of (+)-monomorine (1)Z and (+)-preussin

()24 (Figure 2).
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CH3

Figure 2. (+)-Monomorine 1 (1) and (+)-Preussin (2).

Since the inception of our research into Group 1V imido
complex [2+2] cycloaddition reactions, four publications
dealing with monomeric, terminal titanium imido complexes
have appeared. Inclusive in Rothwell®s reportXs was some
preliminary data on the reactivity of bis-(aryloxy)-
phenylimido complexes. Although these solvated species did
not induce benzene C-H activation or undergo cycloaddition
reactions with 3-hexyne, the corresponding bisamido complex
was effective in catalizing formation of the N-phenylimine
of 3-hexanone from 3-hexyne and aniline (Scheme 6).

The authors suggested unsolvated imido complexes as the
reactive intermediates in this process. IT this was indeed
the reactive intermediate, it would constitute the first
probable example of a [2 + 2] cycloaddition of a titanium
imido complex into an alkyne.

Roesky® has detailed the preparation and Xx-ray
diffraction study of a dichlorotitanium imido complex

(Figure 3). Although no studies on the reactivity of this
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'8
ArO ‘
Ti=N — Ph
Aroz |
i
X 3-hexyne
Scheme 6
PY
d S
py- N P----- Ph
\
| Ph
]
[
Py

Figure 3. Dichlorotitanium Imido Complex.

complex have as yet been published, one might speculate that

its unsolvated analog would exhibit either a marked

reactivity towards olefins, or a propensity to dimerize

(Scheme 7).



15

S
[ |
\ PPh2
cl, \.
.T i-
R
cl
TI= N-PPh,
cl
PPh2
|
cl N cl
- < X
cl N cl
PhP S

Scheme 7

More recently, WolczanskiZ has reported a series of
titanium imido complexes that are closely related to the
zirconium imido complex, described earlier2l. As with the
analogous bisamido imido zirconium imido complex, bisamido
imido titanium complexes (X=NH-t-Bu) promoted C-H activation

of benzene (Figure 4).

X QR2
H VBU3SINH OEt2

I VBU3SINH THF

N cl THF

(I-Buw3Sl  ATI=NSI(VBu) Br THE
CH3 THF

OR2 VBU THF

Figure 4. Silyl Substituted Titanium Imido Complexes.

When one of the complexes of this series (X=t-Bu) was

exposed to hydrogen, an interesting dimerization occurred.
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This dimer was found, by x-ray diffraction, to contain a

metal-metal bond (Eq. 16).

H VBU3-Si
! X A iJ
— ri
vBussr/ " %Fi=NsI-vBu3
'Si-VBU3
T 71 THF H 7
SVt-Bu3

Eq. 16

Doxsee2*™™ reported the formation of
vinylimidotitanocene complexes. The transient
azatitanatines generated upon treatment of Tebbes” reagent
with nitriles were isomeric to those obtained by Bergmanl9.
A retro [2+2] reaction gave the isolable vinylimido
complexes. Among the interesting chemistry associated with
these vinylimido complexes was addition of a second nitrile,
via a [4 + 2] cycloaddition, to form diazatitanacyclohexa-
dienes (Scheme 8).

In work pursued concurrently with that presented in
this thesis, Mike Jensen, formerly of these laboratories,
developed annulation methods based on the intramolecular
[2+2] cycloaddition of raonocyclopentadienyl zirconium
iraido complexes onto tethered alkynes3),3l. This method
entailed treatment of CpZrCI3<DME2 with two equivalents of
methyllithium to generate CpZr(CH3)X1l. The resultant
solution could then be treated with a variety of

alkynylamines to give, after workup, the annulated products

(Eg. 17).
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n=1, 2
Eg. 17

Another major focus of Jensen®"s work in this area was
the selective functionalization of azametalletines. For
example, azatitanetine 13 was selectively N-functionalized
upon treatment with acyl chlorides, but C-functionalized
upon exposure to acyl nitriles (Scheme 9).

Interestingly, this mode of functionalization was not

observed when a similar azazirconetine was treated with
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Scheme 9

CICOXH3. In this case, C-C bond formation was observed

(Eq. 18).

Particularly noteworthy was the facile preparation of
tetrahydropyridines 10 and 12 using this method. Table 1

contains the results of this study.
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Table |I. Results of CpZr(CH3)2Cl Annulation Study



RESULTS AND DISCUSSION
Methods Development

Our initial aim in this research was to establish the
accuracy of our hypothesis that there existed a reactive
monocyclopentadienyl titanium imido complex as an
intermediate iIn the dimerization process observed by
Teuben22. Towards this end, 5-phenylpent-4-yn-1-ylamine (3)
was prepared (Scheme 10). It was reasoned that the alkynyl
moiety of amine 3 could serve as an intramolecular trap of

imido complexes i1f they were generated.l

1. KPHT
2. H2NNH2
) |
a. n-BuLi
PhC= CCH PhC=C(CH?2)3X
b. CI(CH2)3Br
15 X=ClI, Br
Nal
PhC = C(CH2)3I
16
Scheme 10

We were quite pleased when an initial experiment in

which amine 3 was added to CpTiCI333# (1.0 eqg- ) and 1-PrAEt
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(2.1 eq.) Iin THF at 25 °C yielded, after methanolysis,

Al-Pyrroline 4 in 74 % yield (Scheme 11).

Scheme 11

The mechanism proposed in Scheme 11 was based, at this
early stage, solely on the known chemistry of imido and
amido complexes of the Group 1V elements. Specifically, the
amine 3 would be expected to react with CpTiCl3 to form the
amido complex 17. This, along with a subsequent elimination
of HCI to form the putative imido complex 18, would be in
accord with Teuben®s observations22. An intramolecular
[2+2] cycloaddition of 18 would then parallel the

intermolecular cycloadditions of imidozirconocene

complexes19. The Tfact that Al-Pyrroline 4 was the only
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isolable product of this reaction was ceftainly coﬁ;istent
with the proposed mechanism.

"Bergman” had noted that azazirconetines were intensely
colored, presumably due to charge transfer from the azaéllyl
moiety to the empty orbit;l on the formally l16-electron
zirconium center. As the titaniuh in'azatitanetiné 13 Qould
be expected to be even more electron deficient, we were not
surprised when amine addition in our.pilot expefimentf
induced formation of é deep burgundy color.

In a_sef of experiments designedlto closély pérallél
those of Bergman®?, amiﬁe.B was added to preformed solutions
of C.pTi(CHs)-ZCF'6 and CpTi(CHQ?OCHf’ (Scheme 12). It Qas
antiqipated that azatitanetine 13 would_be generated By g
elimination of two equivalents of methéne and subsequent -

[2 + 2] cycloaddition. ' Indeed; both dimethyltitaniuﬁ“
complexes were found to be suitable precursérs to 13.
Addition of aﬁiné 3 to the solution of CpTi(CH.).,Cl was

- accompanied by immediate evolution of meth;né” and
formation of a déep bﬁrgundy color; It is theworfhy that
these transformations ﬁere éomplete in 1esé thén.two hoﬁré
at 55.°C. éy way of comparison, reaction oflamine 3 with
(thrkCHahggives less than 10 % convergion to A'-pyrroline 4
.after 24 h at ‘80 °C. Although this rateldifferential was
initially‘aftributed'to a ﬁore reactive imido complex being
kéeneratea in our process, ﬁe have since determined that the

reactivity difference in this case was due to a slow initial
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14 19

Scheme 12

reaction of the amine 3 with Cp2ZZr(CH3)2 to form an amido
complex40.

In an attempt to determine whether reactive nitrogen-
titanium and carbon-titanium bonds were present, a solution
of azatitanetine 13 was quenched with deuterium oxide. As
anticipated, the dideuterated Al-Pyrroline 4D was formed in

92 % yield. Indeed, azatitanetine 13 was also found to
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react with nitriles as shown in Scheme 12, and with several
other electrophiles, as demonstrated by Jensen30.

Because all attempts at isolation and characterization
of 13 have TfTailed, we cannot state for certain that 13 is an
intermediate in this process. The subsequent reactions
observed for the intermediate are, however, consistent with

structure 13.

PhC = C(CH23X NaCN - PhC=C(CH23CN --—— 'H*-
Ph
15 2fl >
Eq. 19

We next sought to extend this stoichiometric
cycloaddition methodology to the formation of six-membered
nitrogen heterocycles (e.g., tetrahydropyridines). For this
purpose, 6-phenylhex-5-yn-I-ylamine 9 was prepared from the
halide mixture 15 via nitrile displacement4 and subsequent
reduction with LiAIH4 (Eq. 19). Unfortunately, only
starting material was recovered when amine 9 was added to
CpTi(CH3ZXI1 in THF at 25 °C. When more rigorous reaction
conditions were employed (toluene, 85 °C, slow amine
addition), we were able to obtain a mixture of
tetrahydropyridine 10 and starting material (Eg. 20). As
this conversion can be achieved at 25 °C with CpZr(CH3)2Z130,

optimization with CpTi(CH3)X1l was not pursued.
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When a THF solution of CpTiCl3 (1.0 eqg. ) and I-PrEt
(2.1 eq.) was treated with amine 3 (vide infra, Scheme 11),
but allowed to stir for a longer time, the initial dark
burgundy color formed on amine addition begins to dissipate.
Eventually (-2 h), the light red color of the CpTiCl¥!I-
PralEt solution was restored. This suggested that the
conversion of alkynylamine to Al-Pyrroline could be effected
catalytically. Thus, addition of amine 3 to a solution of
CpTiCI3 (20 mole %) and I-Pr2NEt (40 mole %) afforded
Al-Pyrroline 4 in 94 % yield after two hours. A catalytic
cycle that accounts for this transformation is proposed in
Scheme 13. Note that dimer formation, 1if it did occur,
would regenerate starting materials by a subsequent reaction
with the amine hydrochloride present.

Although 6-phenylhex-5-yn-1-ylamine (9) was not
cyclized under these conditions, the following modifications
of the reaction conditions restored cyclization. For the
generation of tetrahydropyridines, we found that addition of

the amine to a preheated solution of CpTiCl3 (20 mole %) and



CpTICI3

2y

N
cicpTIr ATicpCl

nnz

TICpCI N= TICpCI

13 1S

Scheme 13

N ,N-dimethylaniline (40 mole %) gave the expected product in

high yield (Eg. 21).

CpTICI3 (20%)

PhN(CH3)2 (40%) Ph
C7H8, 85 °C

Eq. 21

In an attempt to further probe the nature of the
annulation, a series of experiments were run in which
amine 3 was exposed to catalytic quantities of transition
metal complexes possessing more (TiCl4, zZnCl2) or less
CpZriCl2, CpTi(CH3)ZX1) Lewis acidic character than CpTiCl3.

No other complex was found to effect Al-Pyrroline formation.
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This observation, along with our results in the
stoichiometric studies3™3l, strongly suggested that we were
indeed dealing with a cycloaddition reaction and not a Lewis

acid catalyzed hydroamination of alkynes.

1. KPHT
2. H2NNH2
3 R=Ph
5 Rr=pBU
a. n-BuLl
RC= CH RC= C(CH2)3X
b. CI(CH2)3Br
15 R=Ph
21 R=n-Bu
1. NaCN r NH>
a. n-BuLl 2. LIAIH4
b. ~\
9 R=Ph
11 R=D-Bu
Vrig
RC=C -~
0 Ts Py NH40Ac —
0\/\/ acetoDe NaBH3CN
22 R=Ph 23 R=Ph 7 R=Ph
24 R=D-Bu 25 R=D-Bu 26 R=D-Bu
Z"-NH?2
2LIC=ECH + BrH3NHCH2)3Br --—-----—--—--- > < n 28
Scheme 14

With the two methods of cyclization fairly well
developed, we sought to determine their generality. A
variety of substrates were prepared for this reason

(Scheme 14). In addition to the phenyl substituted
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alkynylamines previously discussed, the substrates studied
included dialkyl substituted alkynes, terminal alkynes, and
substrates with the amine functionality on a secondary
carbon. The results of this study on the facile preparation
of Al-pyrrolines and tetrahydropyridines are shown in
Table 2.

In the hope that the substrate amine and/or the product
(Al-Pyrroline or tetrahydropyridine) could function in place
of the auxiliary amine, cyclization was attempted in the
absence of added tertiary amine. Addition of amine 26 to a
THF solution of CpTiCl3 (10 mole %) gave complete conversion

to Al-Pyrroline 27 in two hours (Eg. 22).

Eq. 22

Amines 20 and 23 were converted to their respective
tetrahydropyridines in high yield (90 %) by heating for
three hours with CpTiClI3 (10 mole %) in benzene at 80 °C,
This was quite gratifying in that we no longer had to deal
with separating N ,N-dimethylaniline from the products
(Eq- 23).

The maximum turnover for CpTiCl3 in the catalytic cycle
was measured with amine 26. The amine was added to a THF

solution of CpTiCl3 in portions at intervals corresponding



Table 2.

Substrate

29

Results of CpTiCl3 and CpTi(CH3)2CI

Annulation Studies

Method3 Yield, %b

(94)
(96)

(94)
(94)

(92)

(94)

(100)d

(88)
(91)

(89)
(92)

22

1S

12

Product

Xu_ N n-Bu

X ™~ X / nBu

a. A: 20 mol % CpTiClI3, 40 mol % I-Pr2NEt1THF125 °C. B: CpTI(CH3)2CI1THF125 °C.
C: 20 mol % CpTICI3I 40 mol % PhN(CH3)2, C7H8I 80 0C. D: 10 mol % CpTICI3] THF125 °C.
E: 10 mol % CpTICI3l CeH6l 80 °C. b. all yields are Isolated yields unless specified

otherwise,

c. CeD6l 25 °C. d. 1H NMR yield.
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CpTICI3 (10 mol %)
C6H®6, 80 °C

S R=Ph 10 R=Ph
R=n-Bu 11 R=P-Bu

Eq. 23

to the dissipation of the color attributed to the
metallocycle. The experiment was terminated when amine
addition did not induce formation of the burgundy colored
intermediate. The mass yield after workup was 96 % and was
comprised of a 96:4 mixture of Al-Pyrroline 27 and amine 26.
By this method the turnover for CpTiCl3 was between 50 and
55. Although this turnover is moderate, the ready
availability of the catalyst should make the process
extremely viable for many applications3.

As carbenes were known to engage alkenes and dienes 1in
cycloaddition reactions2, we hoped to observe similar
reactivity with imido complexes. We have made some
preliminary attempts at inducing cycloaddition reactions
between titanium imido complexes and other multiply bonded
carbon-carbon systems. Specifically, alkenylamine 30 was
subjected to all conditions found effective for the
cycloaddition of alkynylamines (Eg. 24). Unfortunately, we

were unable to obtain cyclized products. Even the more
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2 2A

Eqg. 24

electron-rich alkenylamine 31 failed to undergo the desired

transformation (Eq. 25).

Eg- 25

We also explored the possibility of inducing [4 + 2] or
[2+2] cycloadditions of imido complexes onto diene
functions. Dienylamine 32 was recovered unaltered from

these attempted cycloadditions (Egq. 26).

22

Eqg. 26
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Finally, we have not yet been able to use these new
annulation methods iIn the preparation of azepines or

azocines (Eq. 27).

1. NaCN
PhC=C(CH2nCH2I
2. LIAIH4 — (:: I
v'n
33 n=3 24 n=3 n=3, 4
35 n=4 36 n=4
Eq. 27

As alkynyl amines 34 and 36 would both be expected to
readily form imido complexes with either CpTiCl3 or
CpTi(CH3)X 1, competitive, nonproductive reaction pathways
must be responsible for the lack of observable annulation.
Competitive, irreversible dimerization, as observed by
Bergman for imidozirconocene complexesl19, would account for
the inefficiency of CpTi(CH3)ZX 1. However, dimerization
under catalytic conditions should not terminate formation of
reactive imido complexes. In this case we speculate that
the known propensity of cyclopentadiene to be displaced in
the presence of an excess of amined3 may give rise to an
inactive amido complex of the general formula CInTi(NHR)a,
(n + m = 4). This observation was consistent with the
inability of TiCl4 to effect annulation of alkynyl amines.
It also seems likely that displacement of cyclopentadiene
accounts for the moderate turnover observed for CpTiCI3 in

the successful cyclizations discussed previously.
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The Total Synthesis of ¥ -Monomorine 1 Ffl).

The synthetic utility and functional group
compatibility of CpTiCl3 catalyzed cycloadditions of
alkynylamines was demonstrated by a concise total synthesis

of (*)-monomorine I (1)“ (Figure 5).

Figure 5. (+)-Monomorine 1 (I).

This alkaloid is a trail pheromone of the Pharoah®"s Ant
that also exhibits repellent activity toward other ant
speciesZB 4. PharoahzS Ants are common pests in the British
Isles and are now becoming a problem in the United States.
Infestations of these small ants are considered a serious
problem because the ants have been shown to carry pathogenic
bacteria and also possess the ability to penetrate
sophisticated hospital isolation units46.

Monomorine | was Tfirst described by Ritter in 197223.
The absolute stereochemistry was confirmed by synthesis in
197547. Since then, 1 has been the subject of intense

synthetic study. Although numerous syntheses have been
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advanced, few are sufficiently high.yielding to Bé of
practlcal use in the preparation of 1 or s1mllar
1ndollzld1ne alka101ds. The most concise enantloselective
synthesis of (+)—monomorine I utilized L—alaniné'as a chiral
buildiﬁg block**. The synthesis was completed in seven
steps in an overall yield of 7-11% (Scheﬁe 15).

With some imprOveﬁent this method may bezconduciye to

the large scale preparation of (+)-1. "'At this time the

alternatives are a 22-step*’ (§<7%) procedure starting with

L-tartrate, or a >20-step® (<<4%) procedure commencing with

diethyl L-tartrate®.

The most prdmisiné racemid'synthésis of monoﬁorine I
was advanced by Yamaguchi in 1987”.' This Synthesis
employed the nucleophlllc addition of an alkynyl Grlgnard to
a pyrldlnlum chloride as a key bond forming step
(Scheme 16).

The ovetall yield for this synthesis, based on the
Grignard, was 28 %. The addltlon of the Grlgnard to the
pyridinium chloride was not, and llkely could not be induced
to be, enaﬁtioselective. -Because the stereochemlcal outcome
of the:synthesis was set at this stage, it is doubtful that
this approach could bg parlayed into an enantioselectivé
synthesis of (+)-monomorine I.

Our interest in 1 was‘based primarily on its use to .
probe the synthetic utility and functional group

compatibility of the catalytic CpTiCl, mediated annulation
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HO2C NH2
1- HC O O C H
H3 - 2. O-H7C3COCI, NMM
0
1. CH2N2
2. AgOAc
3. CH2N2

51% R1=R2=H (D
21% R1=0OH1 R2=H
8% R1=H1 R2=0OH

Scheme 15
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H2ZPd
H*

Scheme 16

of alkynylamines. A secondary goal was to facilitate a
future enantioselective synthesis of | by developing a
racemic synthesis that either 1) employed, at an early stage
in the synthesis, an intermediate that could be derived in
an enantiopure form from a readily available (“chiral pool™)

source, or 2) proceeded via an intermediate that was
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stereogenic and, possibly, amenable to an asymmetric

transformation (e.g., reduction, alkylation).

Scheme 17

Retrosynthetic analysis of 1 revealed an intramolecular
reductive amination that had been exploited previously by
Stevens5. We envisioned intermediate 37 to arise via a
CpTiCl3 mediated cycloaddition followed by selective
reduction of the anticipated Al-Pyrroline 38. The precyclic
alkynylamine 39 required as the key intermediate could

likely be prepared via alkylation of an 5-amino anion
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equivalent with an appropriate propargylic halide

(Scheme 17). The successful application of this general
strategy to the total synthesis of monomorine 1 is described
below.
0
-OTHP
2-hexanone N
CiH*
0
41 Eand z
Eqg. 28
OTHP THPOs

a. LDA (:l 0 b. CH1

LKAV/X/

41 Eand Z 41 E
Eqg. 29

Hydroxylamine 40 was prepared using a modification of
the literature procedure59. Condensation of 40 with
2-hexanone under Dean-Stark conditions gave oximes 41 in
excellent yield (Eg. 28). THP-oximes of this type were
known to react with LDA under equilibrating conditions to
give anions corresponding to deprotonation of the methyl
group selectively60. This method was applicable to
oximes 41 as shown by the deprotonation-quenching experiment
depicted in Eq. 29. Although lithiated oximes similar to 42
had previously been alkylated with acetone60, we needed to
extend the field of alkylating agents to include halides in

order to elaborate the carbon backbone of alkynylamine 39.
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r-\ LIC=CH r~\
H
44
43 a. n-BuLl
b. [CH20Jn
r-\
45
Scheme 18

The halide required as the alkylating agent for
lithiated oxime 42 was prepared as follows.
2-(2-bromoethyl)-2-methyl-1,3-dioxolane (43)6l®& was
converted to the terminal alkyne 44 by displacement with
lithium acetylide63®4. Lithiation of alkyne 44 with n-BuLi
followed by treatment with paraformaldehyde afforded the
alcohol 45 (Scheme 18)sa. The crude alcohol 45 was
mesylated®& using standard conditions, and the product was
purified by recrystallization from Et2 to give the mesylate
46 as a white solid. lodide mediated displacement6&/ of 46
gave the requisite propargylic iodide 47 (Scheme 19).

With the i1odide 47 and the oximes 41 in hand, we were
in a position to attempt the alkylation experiment. We were
pleased to find that treatment of the oximes 41 first with

LDA, and then with the iodide 47, gave oxime 48 in good
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CH3502ClI / \
OH » O @]
E13N ,O0SO2CH3
> o — N
45 46
Nal

XN —

47
Scheme 19
yield. Oxime 48 was converted directly to the key precyclic

alkynylamine 39 by reduction with LiAIH48 (Scheme 20).

OTHP
a. LDA

6. 47

41 Eand Z THPO

LIAIH4

Scheme 20

Alkynylamine 39 was smoothly converted to the

Al-Pyrroline 38 in 93 % yield using the catalytic CpTiCI3
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cycloaddition protocol described earlier. To this end, 39
was added to a solution of CpTiCl3 and NEt3 in THF at 25 °C.
After the usual workup, 38 was recovered as the sole
reaction product. Selective reduction of 38 to the cis-

pyrrolidine 37 was accomplished with DiBAL-H® (Scheme 20).

Eq. 30

The synthesis was then completed using the general
procedure of Stevens5. Accordingly, 37 was treated with
5 % HCI followed by a basic workup. The unstable enamine 49
was immediately reduced with NaBHXN to furnish (¥)-
monomorine | In 72 % chromatographed?® yield (Eg. 30). The
spectroscopic characteristics of synthetic (x)-1 as prepared
above were identical in all respects with those reported®
for other synthetic samples of the alkaloid. The overall
synthesis is illustrated in Scheme 21.

Some key points of merit for this synthesis are the
high yield (63 % from the point of convergence), the

functional group compatibility of the catalytic cyclization,
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H2NOTHP
1. LiC= CH 48&
2. a. n BuLl
b. [CH20In
N 41 Eand Z
vUOTHP
45, X=OH
MsCI
15 X=0S02CH
1Z Xx=
| \
THPO LIAIH,

DIBAL-H

(t)-Monomorlne 1 (1)

Scheme 21
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Eq. 31

and the novel use of oximes 41 as an 6-amino anion
equivalent. Because it was beyond the scope of this thesis,
we have not attempted to utilize this general approach to
indolizidines in the asymmetric synthesis of these
alkaloids. However, it may be possible to apply the known
methods7l-73 for the asymmetric reductions of oximes to oxime
48. IT successful, this would generate (+)-39, leading

eventually to (+)-monomorine (1) (Eq. 31).
The Enantioselective Total Synthesis of (+)-Preussin (2).

The synthetic utility of titanium imido-alkyne
cycloaddition reactions was further demonstrated in a short,
highly convergent and enantioselective synthesis of (+)-
preussin (2) (Figure 6).

Preussin, first described by Schwartz in 1988, has been
shown to be a broad spectrum antifungal agent possessing
activity against both fungi and yeast24. The relative and

absolute stereochemistry of 2 were assigned in 198974, and
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CH3

Figure 6. (+)-Preussin (2).

it has since been the subject of one synthesis75. This
interesting approach to (+)-preussin employed D-glucose as
the starting material (Scheme 22).

In contrast to this previous synthesis, we envisioned
an approach that exploited the L-phenylalanine backbone
inherent in 2. Our initial retrosynthetic analysis of 2
implicated Al-Pyrroline 50 as a likely target. One-pot cis-
reduction, N-methylation and hydrogenolysis of the benzyl
protecting group would be expected to yield 2. The
Al-Pyrroline 50 was anticipated to arise via a CpTiCl3
mediated cycloaddition of the alkynylamine 51.

As alkynylamine 51 was a protected threo aminoalcohol,
it seemed likely that it could be prepared by chelation-
controlled addition of an organometallic to a phenylalaninal
equivalent (Scheme 23). The application of this general
strategy to the preparation of alkynylamine 51 1is described
below.

In recent publications7"7, Polt has described the use

of diphenylmethylidene protected aminoesters as equivalents



Dglucose

H3CO

1. CICO2CH3
2. HCO2H

CO2CH

/0

1. NaN3
2. anh. HCI/CH30OH
3. Tf20
H2ZPd OCH3
OTf
CO2CH

O-C17H8P +P h3lI'
n-BulLl
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Scheme 23

for threo aminoalcohols (Egq. 32). Although this work
employed either aryl magnesium halides or vinyl lithiums as
the organometallic, it seemed likely that allenyl Grignards
could also function in this capacity. For this purpose, the
propargylic bromide 53 was prepared and converted to the

allenyl Grignard 54 (Scheme 24).

7611 : 1

Eq. 32
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HC= CCH20H 2. 2LINH2
= b. D-C8H17Br D-H17C8C = CCH2X
X=0H
Ph3PBr2
X=Br --—---
H-H17C8
\Y
BrMg
Scheme 24
© Ph2C=NH
H2N Ph - SOCI2 H3N. )
CH30H P
CO2H CO2CH3 CO2Me
L-pheDylalaoloe 55
Eqg. 33

The protected aminoester 55 required in this sequence
was prepared according to Eq. 33>™*. Much to our dismay,
treatment of 55 with DiIBAL-H/TriBAL, Tfollowed by three
equivalents of the allenyl Grignard 54, did not lead to the
expected alcohol. The product mixture was comprised of a
mixture of ketones, most likely 56 and 57 based on their IH
and 1 NMR spectra. Interestingly, the same product

mixture was obtained when first two equivalents of PhMgBr
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and then one equivalent of the allenyl Grignard 54 were

employed (Eq- 34).

n-CgHi 7

a. DIBAL-HZTriBAL (1 eq) b. 54 (3 eQ)
c. PhMgBr (2 eq) d. 54 (1 eq)

Eq. 34

This obstacle was removed by substitution of the parent
allenyl Grignard 58 for 54. Accordingly, we were able to
obtain iminoalcohols 59 and 60 (Eq- 35). Chromatographic
separation/® of the diastereomeric mixture gave 59 and 60 in

a 3.2:1 ratio and 74 % combined yield.

a. DIBAL-H/TrIBAL (I eq)
b. H2C:C:.C(H)MgBr (58) Geq)

Eq. 35
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Support for our initially intuitive assignment of the
diastereomers was derived by hydrolysis of 59 and conversion
of the resulting amine to the oxazolidinone 6leo (Eg. 36).
The vicinal coupling constant of 6.6 Hz for the -O0CH-HCN-
resonances was consistent with that reported for the similar

oxazolidinone 62 (7.6 Hz)7".

Ph

1. HO2CCO2H
2. CDI

Eq -

Additional support for this assignment was garnered
from the observation that gelatinous 59 existed in
equilibrium with its oxazolidine tautomer (Eg. 37), whereas
crystalline 60 exhibited no tautomeric equilibrium as
observed by H or 1X NMR. This observation was consistent
with the nonbonding interaction expected upon
tautomerization of 60 (Eg. 38).

Iminoalcohol 59 was selectively O-alkylated to give 63
by deprotonation with KH followed by treatment with benzyl

bromide8l. The efficacy of C-lithiation was demonstrated
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Eq. 38
using CH3SCN to yield 64 before n-octyl iodide was employed.
Hydrolysis of the diphenylmethylidene protecting group of 65
afforded the desired alkynylamine 51 (Scheme 25).

Much to our dismay, alkynylamine 51 was not amenable to
CpTiCl3 mediated cyclization. Even the Tforcing conditions
implemented to effect tetrahydropyridine formation (80 °C,
CaHo6) failed with 51. A likely cause of this failure was
thought to be the unfavorable eclipsing interactions that
would develop with syn coplaner approach® of the alkynyl
moiety and the imido linkage. However, attempted

cyclization of 51"s (2S,3R) diastereomer, 66, in which the
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a. LDA
b. H-C7H13l
a. LDA
b. CH3SCN
Scheme 25

developing eclipsing interactions during cyclization would
be greatly diminished, also failed (Figure 7).

Although not conclusive, this result suggested that an
unfavorable transition state was not the causative agent of
annulation Tfailure. In fact, it was determined by 1H NMR of

an equimolar solution of 51 and CpTiCl3 that the elimination
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5. (25.39) 69 (25.3R)

Figure 7. Proposed Transition States For Cycloaddition.

of the second HClI equivalent did not occur. Thus, a
reactive imido complex 67 was not being generated

(Scheme 26).

ol

Rh

CpCITi= N
OBn

Scheme 26

In anticipation of a more facile elimination of methane
from a methyl amido complex, refluxing solutions of

CpTi(CH3)ZXI in THF, DME and benzene were treated with
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alkynylamine 51. The reaction conducted in THF afforded
only starting material, whereas both the reaction in DME and
that in benzene yielded the pyrrole 68. Although it was
encouraging that cyclization had occurred, we had lost the
two key stereocenters via elimination of benzyl alcohol. We
sought to circumvent this elimination by treating the
putative metallocycle 69 with methyl chloroformate. In this

case we recovered the N-carbomethoxy pyrrole 70 (Scheme 27).

OBn
Sl
Rh
£2 50
CICO2CH3
CO2CHS3 H
Z2 £2

Scheme 27
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Rather than attempt to elucidate a specialized set of
conditions that would allow cyclization of 51 to 50 with
retention of the two stereocenters, we sought a more general
solution. We had noted earlier that terminal alkynes were
markedly more reactive toward imido complexes. We planned
to combine this reactivity difference with a nucleophilic
addition of the metallocycled to generate a stabilized

vinylogous amide or conjugated Al-Pyrroline (Scheme 28).

Scheme 28

The terminal alkynylamine 71 was readily available via
N-deprotection of the Schiff base 63 we had prepared

previously (Eg. 39). This substrate was found to undergo
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62 71

Eqg. 39

facile cycloaddition when added to CpTi(CH3)2Zl at 0 °C,

followed by warming to 25 °C (Scheme 29).

Scheme 29

Although Jensend® had noted that acyl chlorides reacted

with the Ti-N bond of azatitanetines, we had hoped that the
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relatively unhindered Ti-C bond of azatitanetine 72 would
allow for reaction at that site in preferénce to-the Ti-N
bond. Despite'this,'ketoamide 33 was obtained éxclusively
in accord ;ith Jensen’s pbgervations.,

The reactipn of n-octanal with 72, to the extent:that
it did occur, did not yield an isolable, stabilized product.
Fortuitously, Jensen had determined thét acyl nitriles®®
reacted exclusively with the Ti-C bond of azatitanetines.
Accordingly, azatitanetine'72 was treafed with .
n—octanoylnitrile.f74). Formation of vinylogous amidg 75
would have been in accord with Jensen’s findings.
interestingly, the unhindered_azatitanetiné 72 gave the
unéaturated nitrile 76 as tﬁe‘primary product (Scheme 30).

While nitrile 76 was unstable in pufe form at 25 °C, it
was stable iﬁ solution at 25 °C or neat at -20 °C; This
stability, and the lack of a suitable alternative, motivéﬁed
. us to pursue the conversion:of 76 to (+)-preussin. 'This was
.accomplished-in a straightforward manner as described below.
Trgatment of the nitfile 76 -with CH,OTF, followed by NaBH,CN -
afforded the N-methylated pyrrolidine 77. Conjugate
reduction®*® of 77 was accomplished with Mg/CH,OH to éfford
the diastereomeric nitriles 78. Reductive decyanafion” and
cleavage of the benzyl protecting group Qere-then’effected
with K/HMPA in Et,0/C,H,. It should be noted that the
1itera£ure procedure does not employ toluene as a cosolvent,

in which case reduction of aromatic rings was also observed.
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Z5 Z5

Scheme 30

The utilization of toluene as cosolvent eliminates this
limitation. Also in accord with literature precedent, this
procedure gave rise to some reductive elimination products.
However, simple exposure of the crude reaction mixture to

Pd-C/Ha reduced these products to 2 (Scheme 31).
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Scheme 31

The spectroscopic properties of synthetic (+)-
preussin 2 were in excellent agreement with those of
authentic2d and synthetic/ preussin. The overall synthesis
of (+)-preussin is presented iIn Scheme 32. The short
length, high convergence and enantioselectivity of the
synthesis are particularly noteworthy. Additionally, as can
be seen from Scheme 32, this approach should be quite
amenable to the preparation of analogs Vvia substitution of
alternative acyl nitriles or amino esters for those we

employed in the synthesis of (+)-preussin (2).



55

CO2Me

& CH30TF

—

o

NaBH3CN

*

ofl
a. DIBAL-HZTrIBAL
b. H2C:C:C(H)MgBr

Scheme 32

59

1. a. KH
b. PhCH2Br
2. HO2CCO2H

0OBn
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CONCLUSION

Néw methods for effecting formation of A'-pyrrolines or
tetrahydropyridines that reif on catalytic or stoichiometric
[2 + 2] cycioadditioné of transient mongcyclopentadiényl
titanium imido complekes onto tethered.alkynes have been
developed. The CpTicCl, required for either method is a
stable; réadily accessible comﬁlex. More importantly, the
azatitanetines generated Via_treaément of CpTi(CH,),Cl with
1,3—disposed alkynylamines havé been shown to'engage in'sub;.
sequent bond forming reactions. 'Thié combination of
stoichiometric aﬁnulation and subsequent ﬁucleobhilic:addi—
tion of the metallocycle has already shown itself to be a
valuable synfhétic tool by its appliqation in the total
synthesis of (+)-preussin. This stoichiometric cyclo-
addition methddology is a good comblement to the intermolecf

ular cycloadditions of zirconocene imido complexes.

Additionally, the facile CpTiCl, mediated catalytic

" annulation of_élkynylamines has been employed in a concise

total éyﬁthesis of (i)—monomorine. The catalytic formation
of Ai—pyrrolines and'tetrahydropyridihes.by CpTiCl,
complemeﬁts the amidolanthanide'datalized formation of
pyrollidineé.and piperidines from aikenylamines, as well as .
_£he [ (ArO),Ti=NR] mediated prebaration,of arylimines from

alkynes.,
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" EXPERIMENTAL

Physical Data: 'H NMR and 2C NMR were measured at 300

and 75 MHz respectively, w1th a Bruker AL-300 spectrometer
'H NMR chemical shifts are reported as 6 values in ppm
relative to the residual protens of. CDC1, (7.24) or CJQ
(7.15). 3C chemical shifts are réportedlin ppm relative to
CDCl, (677.0) -or C.D (§128) *H ?MR cOupfing constants are
reported in Hz and refer to real or_apparent_multiplicities
which are indicated as follows: s (singlet), d (doubiet),
t (triplet, g (quartet), p (pentet), sex (sextet),
br (broad), m (multlplet) and app (apparent) Combinations
of these descriptors were also used when appropriate. for
example, a signal which appears as a triplet (t) but is
truly an unresolved doublet of doublets (dd) would be
reported as an apparent triplet (apn t).

Infrared spectra were recorded witn either a Perkin

Elmer 1800 FTIR or 237B grating.IR. High resolution mass

spectra were measured on a VG Analytical 7070E spectrometer

by Dr. L.J. Sears. Melting points Were_determined with a
Fisher-Johns melting point aparatus and are uneorrested.
Optical rotations were measuredlwith a Perkins-Elmer 241 MC
Polarimeter. 'Elemental analysis was performed by Desert

Analytics, Tucson, AZ.
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Chromatoqraphv' Gas chromatography was performed on a

Varian Model 3700 Gas Chromatograph equipped with a flame
;1onization detector, a Hewlett- Packard 3390A Reporting
Integrator and a 15m x 0.53mm ID column w1th a DB5 (or
equivalent) bonded phase. | .

Thin layer.chromatography was performed on plates
supplied by Alltech Associates (K42-G). Visualization of
plates was effected by one or more of the followingi a) uv
illumination; b) exposure to I, vapor; c) KMnO, oxidation:
or d) anisaldehyde derivitization. All column
chromatography’ was condncted'on E. Merck silica gel 60.
Solvent systems used for elution are reported in
/volume/volume.

Materials: A listing of the common solvents and reagents

purified by dlstlllation is shown in Table 3. Atmospheric !
pressure distillations were conducted in an 1nert atmosphere

of argon or nitrogen.

éommercially available 10M n-BulLi was diluted with
heptane and then titrated against a standard solution of
2-butanol in xylene using 1,i0—phenanthroline‘as indicatorf o ;
Grignard reagents were titrated in the same manner as
n-BuLi. These reagents were also checked periodically for
total base content. This was accomplished by adding an
aliquat to ice and titration of the resulting mixture with a
standard solution of potassium biphthalate‘using

phenolphthalein as the indicator.




- Table 3. Solvent and Reagent Purification.
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Et,0°

Na—-Ph,CO
THF K '
CH,CN CaH,
toluene CaH,
DME K .
CH.C1, CaH?
benzene K
heptane K
DMSO® ‘CaH,
DMF® CaH,
HMPA® CaH.
CH,0H Mg (OCH,),
2-butanol CaH,
TMS-C1 CaH,
Xylene® CaH,
pentane Na-K
hexane K '
amines® CaH,

‘a. Et,0 used in the preparation of CH,Li was
distilled from Na-K%. b. reduced pressure.

c. vacuum pressure. d. 1:3 Na:K. e. Et,NH,
i-Pr NEt, i-Pr.,NH and PhN(CH,)..

Unless indicated otherwise, reactions wére performed in_
oven or flame dried vessels under an atmosphere of nitrogen
or -argon. Tempefaﬁures feported are bath temperatures
unless_noted otherwise. éoncentrations were performed ﬁnder
reduced pressure with a Bilichi rotéry eVaporator and "drying"
of an organic solution was accompiished with anhydrous

Na,SO0,. SRR ' .‘

2,4~-Cyclopentadien-1-yltrimethylsilane. Three moles of
freshly cracked cyclopentadiene weré generatédvby heating a

mixture of the dimer and silicone oil at 230-245 °C under an

air cooled spiral condensor. The monomer (B.P. 36 °C) was
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collected in a dry ice éooled‘receiver. Tﬁe cyclopentadiené
was then added slowly to NaH (72 g, 3 moles) suspended in
THF (3L) at 0 °C. After sFirring 1 h at 0 °C, the solution
of sodium cyclopentadiénide was added via cannula to a
-78 °C solution of TMSCl (326 g, 3 moles) in THF (1L) over
40 min. After stirring an additional 20 min, ILO‘(SOO mL )
&as added. The resultant layers separated ;fter 20-30 min,\
allowing the organics to bé decanted. The organic layer was
concentrated and the cfude,product distilled under reduced
pressure to yield 187>g (45 %) of the titie qdmpound as a

colorless oil. Dimerization can .be minimized by storage at

-20 °C®%,

Cyclopentadienyltitanium trichloridé.\ To a solution of
Ticl, (12,5'gl 66 mﬁol) in toluene (30 mL)lgooled.to -78 °C
was added dropwise over 20 min a solution of TMSCp (9.17 g,

. 66 mmol) in toluene (io ﬁL). Yellow solids precipitate
during the addition of fhe TMSCp. After stirrihg an
additional 45 min at -78 °C, the mixture was transferred
qﬁickly via cannula to a Schlenk filter. The-sdlids were
washed with cold toluene (10 mL),'cold'lzl toluéne-heptane_
(10 mL) and cold-l;z toluéne-heétané (15 mL). Residual |
solvent was removed.under'high vacuum to yield brighﬁlyelléw

crystals (8.7 g, 60 %)*.

Mixture of l-chloro—s-phenylpent-4-yne and l1-bromo-5-

phenylpent-4-yne(15)° n-Butyllithium (3 M in heptane,




N,

L L Ll Lo Ll LK

65
i3.33 mL, 46.6 mmol) wés added over 5 min to a brine-ice
cooled solution of phenylacetylene‘(4f09 g, 40.0 mmol) in
THF (60 mL) and HMPA (6.5 mL)®’. After 15 min, i—bromo-é—
chloropropane (6.30 g, 40 mmol) was added rapidly via
syrinée. After 2 h at 25 °C the reaction mixture was poured
into sat. agueous NHJH_(50.mL) and Ef;)(5Q mL). The
layers were separated, the organie phase was washed twice
with sat. équegus NH,C1l (50 mL), and subsequently was
concentrated to a ye11§W'oil. Distillation of the crude
product (75-85 °C and 0.025 torr)'affords the product
mixture as a colorless oil which was characterized as the

iodide 16.

I-Todo-5-phenylpent-4-yne(16). The halide mixtqre 15
(obtained from 100 mmql of phenylacetylene) was added to a
solution of NaI (18.7 g, 125 mmol) in CH,CN (250 mL). The
resulting mixture was maintained at reflux overnight. The
reaction mixture was éhen partitioned between Hg)f500~mL)

and hexane (100 mL). The organic phase was separated and

combined with three hexane’extractionsf(loo mL) of the

aqueous phase for drying. Filtration and concentration
affords 16 (16.74 g, 62 %’from phénylacetylene) as a
colorless oil. *H NMR (300 MHz, CDCl,) § 7.45-7.2 (m, 5H,
Ph); 3.35 (t, J = 6.7 Hz, 2H, CH,I); 2.55 (t, J = 6.7 Hz,
2H, CiCCH,); 2.08 (app p, J = 6.7 Hz 2H, CH,); **C NMR

(75 MHz, CDCl,) 6 131.30, 127,98, 127.50, 123.33, 87.66,

)
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81.50, 31.94, 20.27, 5.33;VIR (film) 3050-2800, 2210, 1600

1490, 1440, 1420, 1215, 1165, 760, 680 cm™

Mixture of 1—Chlor6non—4—yne and 1—bromonoh—4—yné(21).
This mixture was prepared in a fashion .analogous to that
used to prepare 15, but.employing l-hexyne (3.29 g, 40 mmol)
in place of phény;gcetylene; After aiétillation (65=75 °C“
and 0.025 torr) the product mixture‘was‘obtained as a
colorless oil that was characterized upon conversion'to the

iodide.

1—Iod6non—4—yne. The halide mixtﬁré él,(pbtéined from
100 mmol of l-hexyne) ﬁas added to CH.CN (250 nmL) containing.
NaI.(18.7Ag, 125 mmol). After refluxing overnight, Ehe
reaction was worked up as for 16 to afford the title
compound (15.0 g, 60 % from l-hexyne) as a qolorlesé'oil:
H NMR (300 MHz, cDbCcl,) & 3.28 (£, J = 6.9 Hz, 2H, CH,I);:
2.27 (tt, J = 6.6 and 2.4 Hz, 2H, CiCCH,); 2.12 (tt, J = 6.9
and 2.4 Hz, 2H, CiCCH,); 1.94 (app p, J'= 6.8 Hz, 2H,
ICH.,CH,); 1.55-1.25 (m, 4H, 2CH,); 0.88 (t, J = 7;1'Hz, 3H,
CH,) **C NMR (75 MHz, cbc13) 5§ 81.46, 77.61, 32.56, 31.06,
21.86, 19.77, 18.34, 13.53, ‘5.46; IR (film) 2950-2850, 1470,

1410, 1340, 1255, 1210, 1160 cm™.

7—Ibdo—l-phenylhept—l-yne(35); A solution of
phenylacetylehe (8.78 mL, 80 ﬁmol) in THF (120 mL) and HMPA
(13.0 mL) at 0 °C was treated with n-BuLi (3.0 M in hepfane,

26.7 mL, 80 mmol). After 15 min,.Cl(CH,)s,Cl (10.2 mL,
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80 mmol) was added. The resultant mixture was éllowed.to

.warm to 25 °C and maintained overnight.  Workup as for 15
"and vacuum distillation provides 6.9 g of.a colorless oil.

.Conversion to the iodide was accomplished as for 16, giving

after vacuum distillation 9.5 g (40 % from phenylacetylene)

of 35 as a colorless oil: *H NﬁR (300 MHz, CDCl,)

8§ 7.45 - 7.2 (m, 5H, Ph), 3.20 (t, J = 6.8 Hz, 2H, CH,I),

2.41 (t, J = 6.6 Hz, 2H, CiCCH,), 1.87 (app pent,

J = 7.1 Hz, 2H, CH,), 1.59 (m, 4H, 2CH,); **C NMR (75 MHz,‘

' CcDCl,) & 131.48, 128.13, 127.50, 123.86, 89.69, 80.91,

32.98, 29.69, 27.57, 19.20, 6.65; IR (film) 2920, 2850, .

2215, 1590, 1480, 1430, 1200, 755, 690 cm™.

2-(2-Bromoethyl)-2-methyl-1,3~dioxolane(43). HBr
(108 g, 1.34 mole) was dissolved in ethylene glycol (161 g,
2.6 mole) cooled in an ice bath.  Freshly diétilled ﬁethyl
vinyl ketone (63 g, 0.9 mo;e)‘was then addéd slowly so that
the internal temperature did not exceed 10 °C. The mixture
was stirred 1 h at 25 °C and then extracted with pentane
(3 x 100 mL)f ’The combined extractions were Wasﬁed with-
sat. aqueous NaHC03‘(2 x 100 mL), dried and_coﬁqentrated.
Short path distillation under aspirator ﬁressﬁre afforded 43

(108 g, 65 %) as a colorless 0il® 3,

2,2~Ethylenediokxydec~-5-yne(24). n-BuLi (10.0 M, 10 mL,

100 mmol) was added dropwise to a =72 °C solution of 1=

hexyne (11.5 mL, 100 mmol) and HMPA (15 mL)Ain THF (150 mL).
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The resultant mixture was stirred 1 h at 0 °C and then

recooled to -72 °C. 2—(2—bromoethyl)-2—me£hyl—l[3—

.diéxolane(24) (17.55 g, 90 mmol) in THF (50 mL) was added,

followed by NaI (0.5 g). The mixture was allowed to slowly

warm to 25 °C and, after 16 h, was extracted with sat.

agqueous NH,Cl1 (1 x 150 mL, 2 x 75 mL) and brine

(1 x 100 mL). The organics were dried and concentrated.
Distillation (60 °C and 0.025 torr) affordéd 14;62 g'(83 %)
of 24 as a colorless oil. 'H NMR (300,MH2; ¢DC1l,) & 4.0-3.8
(m, 4H, 2CH,0), 2.10 (tt, J = 6.8 and 2.3 Hz, 2H, C:iCCH,),
2.10 (tt, J = 6.6 and 2.3 Hz, 2H, CiCCH,), 1.84 (t; J.= 6.8
Hz, 2H, CH,CG,), 1.5-1.3 (m, 4H, 2CH,), 1.29 (s, 3ﬁ, CH,),
0.87 (t, J = 6.7 Hz, 3H, CH,); **C NMR (75 MHz, CDCis)A6

109.08, 79.82, 79.56, 64.57, 38.58, 31.08, 23.63, 21.78,

18.29, 13,56, 13,46; IR (film) 2950-2850, 1370, 1210, 1130,

1055, 860 cm™.

Dec;s—yn—z—oné(zs). A solution of 24 (14.5 g, 74 mmol)
in acetone (400 mL) and H,O0 (40 mL) was treated with
pyridinium tosylate (12.6 g, 50 mmol)®. The mixture was
maintained at reflux fof 16 hland then concentrated to
ioo mL.. The concentrate was partitiohed between H,0 .

(250 mL) and hexane (109 mL). The‘orgénic layer was
separated and combined with two hexane extractions (50 mL)
of the aqueous phase. ‘The organics were washed with brine
(100.mL), filfered, and concentrated to yield 25 as a

colorless oil (10.8 g, 96 %). *H NMR (300 MHz, CDCL,)
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§ 2.59 (t, J = 7.6 Hz, 2H, CH,CO), 2.36 (tt, T = 6.6 and
2.3 Hz, 2H, C:iCCH,), 2.13 (s, 3H, CH,), 2.08 (tt, J =:6.9

and 2.3 Hz, 2H, C:iCCH,), 1.48-1.25 (m, 4H,.2CH,), 0.86 (t,

J = 7.1 Hz, 3H, CH,); **C NMR (75 MHz, CcDCl,) § 206.58,

80.52, 78.18, 42.76, 30.86, 29.55, 21.65, 18.11, 13.32,

13.25; IR (film) 2950-2850, 1710, 1420, 1370, 1160 cm™.’

‘Dec-=5-yn-2-ylamine(26). A mixture'ofﬂaikyhoné 25
(7.6 g, 50 mmol), NH,OAc (38.5 g, 500 mmol) and’NaBHgHJ
(2.2 g, 35 mmol) -in absolute CHJHI(lSQ mL) was stirred 48 h
at 25 °C”.: Thejmixturé wéé concentrated via rotovap and the
resultant‘slurry‘diluted With H,O (200 mL). Concenfrated
Hél was then added until a pH ~3 was obtained. The aqueous
layer was extracted with hexane (2 x 50 mL) which was
discarded. The aqueous phase was made basic by addition of
NaOH and then éaturated with NaCl. Three 1:1 thd—hexane
extractions (100 mL ea.) of the aqueoﬁs phase.were then
taken. The combingd organics were concentrated. The

resultant material was.dried as a. solution in 1:1

" CH,Cl,-pentane and reconcentrated. Distillation (vacuum)

afforded 5.74 g (75 %) of 26 as a colorless oil: *H NMR

(300 MHz, CDCl.) § 2.99 (app sex, J = 6.3 Hz, 1H{.NCH), 2.19
(tt, T = 7.1 and 2.3 Hz, 2H, CiCCH)), 2.11 (tt, J = 6.8 and
2.3 Hz, 2H, CiCCH,), 1.6-1.25 (m, 6H, 3CH,), 1.09 (br s, 2H,

NH,), 1.04 (4,-J = 6.3 Hz, 3H, CH,), 0.87 (t, J = 7.0 Hz,

3H, CH,); **C NMR (75 MHz, CDCl,) § 80.19, 79.19, 45.81,
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38.87, 30.94, 23.57, 21.64, 18.13, 15.63, 13.29; IR (film)

3300, 2950-2850, 1590, 1460, 1370, 825 cm™.

6—Phenylhex—5—yn—2—y1amine(7). The title compound was
prepared in a fashion_similar to that'used'to‘prepare 26,
but employing phenylaéetylene in the place of l-hexyne.
Filtration of the crude dioxolane 22 through silica gél
yielded 6.05 g (70 %) és a siighﬁly yelléw 0il exhibiting
the following 'H NMR (300 MHz, CDCl,): & 7.45-7.25 (m, 5H,

Ph), 3.95 (m, 4H, 2CH,0), 2.49 (t, 2H, CH,), 1.98 (t, 2H,

CH,), 1.35 (s, 3H, CﬁB); The crude 6-phenylhex-5-yn-2-one

obtained via dioxolane exchange was used in the reductive
amination. Distillation of the\érude'élkynylamine (80 °C
and 0.01 torr) afforded 3.53 g (51 % based on

phenylacetylene) of 7 as a colorless oil: *H NMR (300 MHz,

CDCl;) 6 7.34 (m, 2H, Ph), 7.24 (m, 34, Ph), 3.07 (m, 1H, .
. . “ ( . .

NCH), 2.45 (t, J = 7.2'Hz, 2H, CH;:{C), 1.59 (m, 2H, CH,),
1.15 (br s, 2H, NH.), 1.09 (4, J = 6.3 Hz, 3H, CH,): 13C"NMR
(75 MHz, CDCl,) § 131;56, i28.14, 127.50, 124.01, 89.76,
80.85,'46.19, 38.79, 23,94, 16.54, Iﬁ (film) 3300, 3656,
2962, 2926, 2870, 2234, 1576, 1560, 1490, 1442, 788,
756~cmﬂ; high resolqtion ﬁass spectruh calcd. for C,,H,.N(M*)

173.1204. Found 173.1202.

5-Phenylpent-4-yn-l-ylamine(3)®°. The halide mixture
15 ‘(obtained from 40 mmol of phenylacetylene) was diluted

with DMF (50 mL). To this ‘solution was added potassium
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- phthalimide (9.26 g, 50 mmoﬁ), and the reaction mixture was
brought to feflux.for 10 he, The DMF was removed under
reduced pressure (65 °C) and the resultant solids Qere
triturated with 10'% KOH (2 x 30 mL) to yield pale yellow
crystais. .These‘werersuspended in 95 % EtoOH (50 mL)/
treated with hydrazine monohydrate'(2.43 nL, 50 mmol) and
brought to reflux for 4 h. ‘The reaction mixture was then
cooled to 0 °c, brought to pH 2 bf addition of conc. HC1,
and filtered. The. solids were ‘washed thoroughly w1th
ethanol and the organic phase was concentrated to a solid
mass. The solids were trlturated with 1:1 Et.O-hexane until .
white, and then taken into H,0 (50 mL), cooled to 0 °¢ and
carefully saturated with K(X) ' The aqueous phase wae then
extracted with Et,0 (4 x 30 mL). The combined organics were
dried and concentrated.‘ Distillation (67 °C and 0.025 torr)
afforded 3 (3.94 g, 62 %) as a' colorless oil: *H NMR
(300 MHz, cDCl,) § 7.35 (m, 2H, Ph), 7.24 (m, 3H, Ph), 2.83
(t, J = 6.8 Hz, 2H, NCH,), 2.45 (t, 3 =7 Hz, 2H, CHCiC),
1.71 (m, 2H, CH,CH,CH,), 1.16 (br s, 2H, NH,): **C NMR
(75 MHz, CDCl,) § 131.55, 128.17,1127.53,”i24.00, 89.61,
80.97, 41.36, 32.60, 16.88; IR (film) 3298, 3056, 2938,
"2866, 2228, 1598, 1570, 1560, 1490, 1442, 756, 692 cm™;
high resolution mass spectrum calcd. for C,,H,;N(M*) 159.1048.

Found 159.1043.

Non-4-yn-1-ylamine(5). This compound was Prepared in

analogous fashion to 3, but employing 21 (obtained from




‘ 72
40 mmol of 1~hexyne). After distillatién,'3.1l g.(56 %) of
5‘was'obtained as a éolorless oil: *H NMR (300 MHz, CDC1,)
5§ 2.74 (t, J = 6.8 Hz, 2H, NCH,), 2.16 (m, 2H, CH,C:iC), 2.09
(m, 2H, CH,C:C), 1.56 (m, 2H, NCHJﬁL), 1.45~1.2 (m, 6H,
2CH,, NH.), 0.85 (t, J = 6.8 Hz, 3H, CH): *C NMR (75 MHz,
CDC13)I6 80.60, 79.37, 41.29, 32.90, 31.20, 21.87, 18.37,
16.18, 13.49: IR (film) 3342, 2958, 2932, 2872, 2862, 2154,
1484, 1468, 1434, 1320 cm™; high resolution mass speétrum

calcd. for C,H,,N(M*) 139.1361. Found 139.1357.

6-Pheny1hex—5—yn—1-y1amine(9)., The halide mixture 15
(obtained from 40 mmol of phenylacetylene) was slowly added
to a solution of Nacﬁ (2.11 g, 43 mmol) and NaI (0.6 g,

4 mmol) in DMSO (10 mL)'at.25 5C. ‘The reaction mixture was
allowed to stir o#ernight At‘zé °C and was then poured into
a separatory funnel containing ice water (100 mL). The
agueous phasé was extracted with hexane (5 x 100 mL) and the
combined extractions were dried and concentrated. The i
nitrile obtained exhibits the following ®H NMR (300 MHz,
CDCl,): & 7.45-7.2 (m, 5H, Ph), 2.56 (app pent, 4H, 2CH,),
1.95 (m, 2H, CH,). The crude nitrile was diluted with Et,0
(40 mL) and added sldwly to a suspehsioﬁ of i.iAlH4 (0.42 g,
11 mmol) in Et.,0 (40 mL) cooled to O °C. WAfter 2 H the
reaction mixturé was carefully quenched via sequential
addition of H,0 (1 mL), 15 % NaOH (1 mL) and H,O (2 mL).

. The organic phase was decanted, combined with two Et,0

washings of the solids, dried, and concentrated. Distilla-
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tion (80-85 °C and 0.005 torr) afforded 5.40 é (78 %) of 9

as a colorless oil: 'H NMR (300 MHzZ, CDCl,) 6 7.36 (m, 2H,

Ph), 7.25 (m, 3H, Ph), 2.73 (t, J = 6.5 Hz, 2H, NCH,), 2.41 -

(t, J = 6.6 Hz, 2H, CH,C:C), 1.62 (m, 4H, 2CH,), 1.04 (s,

2H, NH;); **C NMR (75 MHz, CDCl,) § 131.53, 128.14, 127.46,

124.08, 90}00, 80.56, 41.83, 33.14, 26.15, 19.30; IR (film)

3346, 3056, 2936, 2864, 2232, 1560, 1542, 1522, 1490, 756,
692 .cm™; high resolution mass spectrum calcd. for C,,H,.N(M*)

173.1204. Found 173.1207.

Dec—5—yn—1—y1aﬁine(11)”. This amine was prepared in
analogous fashion to 9, but utilizing the hélide mixture 21
(obtained from 40 mmél of 1-hexyne). Distillation (66;72 °C
and 0.75 torr) afforded 4.16 g (68 %) of 11 as a colorless
oil: 'H NMR (300 MHz, CDCl,) & 2.68 (t, J = 6.6 Hz, 2H,
NCH.); 2.15 (t, J'=‘6.9 Hz, 2H, CH,C:C), 2.12 (t,

J = 7.2 Hz, 2H, CH,C:C), 1.5-1.4 (m, 10H, 4CH,, NH,), 0.88

(t, J =7 Hz, 3H, CH,); **C NMR (75 MHz, CDCl,) § 79.95,

79.32, 41.40, 32.60, 30.85, 26.09, 21.51, 18.22, 18.00,

13.17; IR (£film) 3338, 2958, 2934, 2862, 2158, 1570, 1488,
1466, 1434, 1382, 1328 cm™; high resolution'masslspectrum

calecd. for C, H, N(M") 153.1517. Found 153.1516.

Pent-4—yn—1—ylamine(28)”. A solution of 3-
bromopropylamine hydrobromide (9.0 g, 41.1 mmol) in DMSO
(20 mL) was added over 30 min to a 10 °C suspension of

LiC:CH<H,N(CH,),NH, (9.2 g, 100 mmol) in DMSO (50 mL). The
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resultént mixture was stirred 12hh at 25 °c énd then
quenched by cautious additioﬁ of ice. The fraction of the
.hydrolized reaction mixture that distilled under 130 °C was
diluted with H.,O (10 mL), which was then made basic by
addition of NaOH. 'The aqueous phase was extracted with Et,0
(3 x 15 mL) and the qombined organics were dried aﬁd' |
concentrated (rotovap, 0-5 °C).. The concentrate was diluted
with abs. EtOH (20 mL) and was ‘then added to a suspension of 
'AgNO, (7.14'g,-42-mmol)'in abs. EtOH (100 mL). The silver
acetylide so produced was collected on a frit and was washed
with abs. EtOH (3 x 15 mL). The solids were treated with
3 % HC1 (3 x 20 mL) while still on the frit. The aqueous
filtrate collected was refilferéd‘through éélite and then
made basic by addition of NaOH. After saturating with Nacl,
the aqueous phase was extracted with 1:1 CH,Cl,-pentane
(4 x 15). Drying and concentration of the combined organics
afforded crudenproduct which was subsequeﬁtly distilled from
CaH, (122-125 °C). *H NMR (300 MHz, CDCl,) 6§ 2.79 (t,
J = 6.9 Hz, 2H, NCH,), '2.34 (dt, J = 7.0 and 2.6 Hz, 2H,
CiCCH.), 1.93 (t, J = 2.6 Hz, 1H, CiCH), 1.64 (app pent,
J = 7.0 and 6.9'ﬁz, 2H, CH,), 1.09 (br s, 2H, NH,); C NMR
(75 MHz, CDCl,) § 83.83, 68.36, 40.92, 32.01, 15.68; IR
(£ilm) 3250, 2920, 2840, 2110{ 1580, 1420,-1089, 1050, 850,‘

750 cm™.

3,4-Dihydro-5-(phenylmethyl)-2H-pyrrole(4). Method A:

To CpTiCl, (44 mg, 0.2 mmol) in THF (3 mL) was added
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‘i-Pr,NEt f70 uL, 0.4 mmolj followed by dropwise addition of
a solution of 3 (159 mg, 1 mmbl) in THE,(Z mL)..‘ After
30 min a few drops of 5 % methanolic NaOH were added, and
‘ the reaction mixture was taken to drynesé. The solids‘were
triturated with hexane,.the organic phases were filtered
through powdered K.CO, and concentrated to afford 149 mg
(94 %) of 4 as the sole reéction broduct. Method B: Té
CpTicl, (219 mg, 1 mmol) in THF (3 mL) at 0 °C was added
CH,Li (1.4 M in Et,0, 1.43 mL, 2 mmol). The reaction
mixture was warmed to 25 °C over 15 min and 3 (159 mg;
1 mmol)fin THF (2 mL) was added7dropﬁise over 5 min. After
1 h, 5 % methanolic NaOH (0.5 mL) ﬁas carefuliy added; and
the reaction mixtureiwas taken to dryness. Tfituration with
hexane, followed by filtrétidn through powderéd K.CO, and
concentration‘afforded_4.in 96 % yield. In cases where
filtration through K.CO, was not sﬁfficient, the product was
filtered through a small plug of silica (1:1 Et,O-hexane).
'H NMR (300 MHz, CDCl,) § 7.25 (m, 5H, Ph), 3.83 (m, 2H,
Ncnzj, 3.68 (s, 2H, PhCH,), 2.39 (m, 2H, N=CCH,), 1.83 (m,
2H, CH;j; **C NMR (75 MHz, CDCl;) é i76.56, 137.12; 129.02,
128.57, 126.57, 61.05,'40.75, 36.53, 22.29; IR (film) 3100-
2850, 1604, 1496'cm*; high resolution mass spectrum calcd. .

. ) ,
for C,,H,.N(M*) 159.1048. Found 159.1046.

2-(Phenylmethyl)-3,4,5,6-tetrahydropyridine(10)®:. -
Method C: To a solution of CpTiCl, (44 mg, 0.2 mmol) and

'PhN(CH,), (51 pL, 0.4 mmol) in CH, (3'mL) at 80 °C was added
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a solutiqn.of § (173 mg, 1 mmol) in CH, (2 mL). After 2 h
at 80 °C,.the reaction mixture was cooled to 25 °C and ‘
quenched by the addition of sat. aqueous K.CO,.(0.5 mL).
The solvent was removed and the'sqlids were.triturated with
hexane while under a blanket of argon. The'organic"phase'
was filtered_fhrbugh powdereﬁ K;x%;andhfhen concentrated.
The crude oil was subjected to high vacuum evaporation
(<0.05 torr) to rémove PhN(CHszand yielded 10 (152 nmg,
88 %) as an unstable oil. HMethod E: To a solution of
CpTiCl, (11 mg, 0.05 mmol) in CHe (1.5 mL)Aat 25 °C was
added 9 (87 mg, 0.5 mmol). The mixture was heated to 80 °C

for 3 h and then cooled to 25 °C and worked up as in

- Method C to give 10 (79 mg, 91 %). 'H NMR (300 MHz, CDC1,)

§ 7.18 (m, 5H, Ph), 3.53 (m, 2H, NCH;), 3.40 (s, 2H, PhCH,),
1.97 (t, 3 = 7 Hz, 2H, N=CCHQ), 1.50 (m, 4H, 2CH,): QC'NMR
(75 MHz, CDCl,) 6§ 169.65, 137.91,. 128.99, 128.43, 126.38,
49.45, 48,28, 28.20, 21.79, 19.54; IR (film) 3100-2850; 1673
cm™*; high resolution mass spectrum éalcd. for C.H, .N(M*)

173.1204.. Found 173.1200.

3,4-Dihydr§-5hpenty1-2H—pyrrole(6). Submission of 5 to .
Method A gave 6 in 94 % yield. Method B also effected the |
désired'transfbrmatioh (94 %) to give 6 as a colorless oil:
'H NMR (300 MHz, CDCl,) § 3.63 (m, 2H, NCH,), 2.29 (m,

J =17.9 and 1.5 Hz, 2H, N=CCH,), 2.16 (t, J = 7.5 Hz, 2H,
o P
N=CCH,), 1.68 (m, 2H, NCH,CH,), 1.44 (m, 2H, CH,), 1.16 (m,

4H, 2CH,), 0.73 (t, J = 6.8 Hz, 3H, CH,); **C NMR (75 MHz,
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CDCl,) 6 177.87, 60.53, 36.85, 33.48, 31.45, 25.82, 22.32,
22.14, 13.58; IR (film) 2958-2856, 1478 cm-; high
resolution mass Spectrum calcd. foruCJLJN(Mf) 139.1361.

Found.139.1358m

3,4—Dihydro—24methy145—(phenyimethyl)-2H—pyrfole(8).
Submission of 7 té Hethod B afforded 8 (92 %) as a clear '
oil: *H NMR (300 MHz, CDCl,) & 7.27 (m, 5H, Ph), 4.04 (m,
1H, NCH), 3.65 (s, 2H, PhCH,), 2.34 (m,,2H, N=CCH ), 2.00
(m, 1H), 1.4-1.25 (m, 1H), 1.22 (d, 3 =6.7 Hz, 3H CH.).; e .
NMR (75 MHz, CDCl,) 6 175. 02 137.06, 128.88, 128.50,
126.48, 67.79,.40.75, 36.56, 30.71, 21.93; IR (£ilm) 3100-
2855,,1493‘cm“; high resolution mass spectrum:calcd. for

C.-H,.N(M*) 173.1204. Found 173.1207.

3, 4—Dlhydro—z-methyl—5-penty1-2H-pyrrole(27).
Method D: A solution of CpTicCl, (11 mg, 0.05 mmol) in THF
(2 mL) was treated with 26 (76 mg, 0.5 hmol) The mlxture'
was stirred 2 h at 25 °C before worklng up as in Method A to
give 27 (72 mg, 94 %). ‘H NMR (300 MHz, CDC1,) & 3.96 (m,
1H, NCH), 2.55-2.41 (m, 1H), 2.41-2.29 (m{ 1H),I2.25 (app
dt, J = 7.7 and 0.8 ﬁz, 2H), 2.08~1.94 (m, 1H), 1.6-1.45 {m,

2H), 1.38-1.22 (m, 5H), 1.18 (d, J = 6.9 Hz, 3H, CH,), 2.51

(t, 3 =7.0 Hz, 3H, CH, ), **C NMR .(75 MHZ,_CDCl ) 6§ 176.47,

67. 21 .36.88, 33.47, - 31.33, 30.30, 25,85, 22.03, 21.69,

13.54; IR (film) 2950 2920, 2860, 1620, 1425, 1410,

~ 1360 cm™.
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2-Pentyl—3,4,5,G—Fetrahydropridine(lz). Submission of
11 to Method C or E afforded 12 (89 and 92 %, respecﬁively)
as a colorless oil: H NMm (300 MHz CDCl1l,) 6 3.52 (m, 2H,
NCHz), 2.08 (m, 4H, N=C(CH,),), 1. .63 (m, 2H, CH,), 1.51 (m,

4H 2CH, ), 1.28 (m, 4H, 2CH, ), 0.86 (t, g =7 Hz 3H, CH,);

'13C NMR (75 MHz, CDC1,) 6 l71 07, 49 20, 41.13, 31.75, 29.01,

26.19, 22.50', 21.98, 19.68, 13.94; IR (film) 2958, 2934.

' 2860, 1660 cm™; high resolutlon mass spectrum calcd for

10ngN(M") 153.1517. Found 153. 1519.

3 4—D1hydro—5-methyl 2H-pyrrole(29)9596 A solution of
CpTicl, (6 mg, 0.027 mmol) in CeDs (0.4 mL) was treated with
28 (22 mg, 0.26 mmol). There ensued a mild exotherm
accompanied by formation of a dark red color. A 'H NMR
spectrun collected within 10 min of amine addition shows
only resonances attributed to Al-pyrrollne 29 and none of
the signals exhibited by amine 28. This sample, though
frozen, showed s1gn1f1cant (5 10 %) degradation after 12 h.
*H NMR (300 MHz, C,D,) § 3.98 (m, 2H, NCH,), 2.17 (app t, J =

8.1 Hz, N:CCH,) 2.03 (s, 3H, CH,), 1.69 (app pent, 2H, cH,);

C NMR (75 MHz, C.D,) § 172.22, 61.26, 38.25, 22.93, 19.12.

Reaction of 13 with Isobutyronitrile. To 13 (0.5 mmol,
Prepared by Hethod B) was added 1sobutyron1tr11e (114 ur,
1.25 mmol). The septum was replaced with a screw cap and

the, reactlon mlxture was heated to 65 °cC for 19 h. The

reaction mixture was then heated with 20 % HCl (5 nL) for an -
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additional 2 h. After saturating'the resultant solutién
with K,CO,, the product was extracfed with 1:1 tho—hexéﬁe.
Filtration éf the organié phases through silica éél and
subsequent concentration gave the vinylbgous amide 14
(77 mg, 67 %). An alternative workﬁp procedure yields 19.
In this case the reaction mixturé was added to 5 % HCl and
the aqueous phase quickly extracted twice wifh Et.,0 (which
was found‘to contain small améunts of 14). The aqueous
phase was then séturated with Kgxg,and extracted‘with‘
hexane. Filtration of the‘organic phases through K,CO,
followed'by'concentratién énd distillation afforded 19
(72 mg, 63,%5vaé a colorless oil: *H NMR (300 ﬁHz, cpel,)
§ 7.3-7.1 (m,l 5H, Ph), 3.96 (t, J = 7.5 Hz, 2H, éHz), 2.42
(app p, J = 6.9 Hz, H, CH), 2.17 (t, J = 8 Hz, 2H, CH,), |
1.65 (app P, J = 7.5 and 8 Hz, 2H, CH,), 1.01 (4,
J = 6.9 Hz, 6H, 2CH,); *°C NMR (75 MHz, CDCl,) & 176.39,
158.64, 141.44, 131.81, 128.01, 126.07, 102.06, l60‘.26,
38.39, 30.28, 22.61, 20.89; IR (film) 3451, 3054, 2964,

2853, 1614, 1514, 1488, 1336, 1298, 748, 704 cm™.

(E,E)—2,2~Dimethy1—4,6-oc£adiene—1-y1amine(32). *H NMR
(300 MHz, CDCl,) & 5.99 (m, 2H, 2C:CH), 5.54 (m, 2H, 2C:CH),
2.41.(5, 2H, NCH,), 1.93 (4, J = 7.6 Hz, 2H, C:CCH;), 1.70
(d, J = 6.6 Hz, 3H, C:CCH,), 0.95 (br s, 2ﬁ, NHZ); 0.81 (s,
6H, 2CH,); **C NMR (57 Mﬁz,lCDCla) 8 132.;3( 131.64, 128.11,
127.07, 52.77, 42.76, 35.46, 24.68, 17.91; IR (£ilm) 3350,

3000, 2920-2820, 1470, 1355, 985 cm™.
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(Z)-5-Phenyl-4-penten-1-ylamine(30).. A solution of
Ni(OAc),+4H,0 (187 mg, 0.75 mmol) in abs. EtOH (6 mL) under
an atmosphere of ﬁz was treated with ethanolic NaBH, (1 M,
0.75 mL, 0.75 mmol)®’. To the resulting black solution was -
added H,N(CH,),NH, (99 uL, 1.25 mmol) and a solutio.n of 3
(0.64 g, 4 mmol) inAEtOH (1 mL). After.stirring &igorously
for 1é h under H,, the reaction mixture waé concentrated.
The resultant solids were triturated with CH.Cl,. ,The
organics were filtered through florisil and concentrated.
Vacﬁum distillation‘affbrds:30‘k0.55 g, 85 %) as a colorless
oil: H NMR (300 Mﬁz, CDCl,) § 7.4-7.1 (m, SH; Ph), 6.43
(d, J = 11.6 Hz, iH, C:CHPh), 5.65 (dt, J = 11.6 and 7.; Hz;
1H, C:CHCH,), 2.69 (t, J = 7.1 ﬁz, 2H, NCH,), 2.36 (app aq,
J = 7.4 and 7.3 Hz, 2H,~C:CCHQ), 1.57 (app p, J = 7.4 and
7.1 Hz, 2H, CHQ’, 1.09 (s, 2H; NH,); **C NMR (75 MHz, CDCl,) §
137.52, 132.18,‘129.12, 128.55, 127.96, 126.35, 4;.66,

33.85, 25.76.

6-Methyl-5-hepten-2-ylamine(31). A refluxing solution
of HONH,-HCl (16.6 g, 240 mmol) and NaOAc (19.7 g, 240 mmol)
in H,0 (80 mL) and EtOH (3.2 mL) was treated with

6-methylhept-5—en-2-6ne (11.8 mL, 80 mmoi)._ The mixture was

‘maintained at reflux 40 h and then cobled to 25 °C. The

layers were separated-and the aqueous layer was extracted .

with 1:1 Et,O-hexane (2 x 30 mL)®*. The combined organics

were concentrated and then rediluted with Et,0 (100 nL).
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This solqtion was added over 2 h to a brine-~ice cooled
suspension of LiAlH, (10.4 g; 274 mmol) in Et,0 (250 mL)66
After reflux1ng 23 h, the reaction mlxture was cooled in a
brine-ice bath and quenched via sequent1a1 addition of H,0
(10 mL), 15 % NaOH (10 mL) and H,O0 (30 mL). The mixture waél
stirred 1 h, saturated with K,CO,, and then_gllowed to '
settle. ' The organics were decanted and combined with two’
Et,0 washes of the solids. ‘The combined organics were dried
and éonceﬁtrated. Distillation affordé 6.35 g (62 % from
ketone) of 31 as a colorless oil: *H NMR k300 MHz, CDC1l,)
§ 5.09 (épp’tt, J = 6.2 and 1.1 Hz, 1H, C:CH), é.ss (app
sex, J = 6.2, 1H, NCH), 1.99 (app q, J = 7.1 Hé, 2H, CH,),
1.66 (s, 3H, CH,), 1.59 (s, 3H, CH,), 1.33 (m, 2H, .CH2), 1.17
(br s, 2H, NH,), 1.03 (d, J = 6.2 Hz, 3H, CH,); ¢ NMR
(75 MHz,‘CDClg) § 131.39, 124.21, 46.53, 40.18, 25.59,
24.94, 23.90;'17.54; IR (film) 3300, 2895, 2830, 1600, 1450,

1390, 820 cm™.

5 5—Ethy1ened10xyhex—2-yne(44) To a slurry of
LiC:CH-H,N(CH,),NH, (22 g, 222 mmol) in DMSO (75 mL) ‘at 5 c
was slowiy added 2-(2-bromoethyl)-2-methyl-1,3-dioxolane 43
-(27.3 g, 148 ﬁmol). After 2 h at 25 °C the reaction mixture
was carefully poured into ice water (500 mL) and the aqueous
1ayer was extracted with hexane (6 x 100 ij. The combined“
organic-phgses were then back extracted sequentially with

H,0 (2 x 200 mL), sat. aqueous NH,Cl1 (2 x 200 mL) and brine
N .
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(200 mL). Drying, concentration and distillétion (< 60 ;c
and 0.1 forr) gave 44 (13.9.g, 67 %) as a colorless oil:
'H NMR (300 MHz, CDCl,) § 3.91 (m, 4H, écn;:j, 2.23 (m, 2H,
CiCCH,), 1.90 (m, 3H, CH,, C:iCH), 1.30 (s, 3H, CH,); 3C NMR
(75 MHz, CDC1l,) § 108.97, 84.31, 67.88, 64.72, 37.92, 23.81,
13.24; IR (filmj 3294, 2984, 2962, 2936, 2884, 2118, 1718,
1448, 137é, 1256, 1220, 1144, 1162, 1056, 948} 862,
642 cm™; high resolution mass spectrum calcd. for

C.H,;0,(MH*) 141.0916. Found 141.0920. -

2,24Ethy1enedioxyhept-s-yn—7¥ol (45)°°. To 44 (7.46qg,
53.3 mmoi) in THF (90 mL) at 0 °C was added n-BuLi (1.7.M in
-hexane, 34.5 mL, 58.65 mmol). After 15 min, dry
' paraformaldehyde (é.23g; 74.5 mmol) was added in one
portion. The reaction mixture was stirred 2 h at 25 °C and
was then pouredlinto sat. aqueous NH;Hr%?SZmL). The |
organic layer was separated; combined with three\Et;)
éxtractiéns of the aqueous layer and dried. Concentration’
and distillation of the residue afforded 45 (8.61 g, 95 %)
‘as a colorless oil: *H NMR (300 MHz, CDCl,) § 4.15 (t,
J = 2 Hz, 2H, CH,0), 3.88 (m, 4H, 2CH,0), 2.57 (br s, 1H,
OH), 2.45 (m, J = 8 and 2 Hz, 2H, CECCHz), 1.84 (t,
J.= 8 Hz, 2H, CH,), 1.26 (s, 3H, CH,); **C NMR (75 MHz, cpel,)
é 109.62,'85.67, 78.23, 64.60, 50.99, 37,84, 23.69, 13.46;
IR (film) 3418, 2962; 2958, 2934, zséé, 1448, 1378, 1256,

© 1222, 1146, 1132, 1102, 1054, 1024, 860, 788 cm™; high’
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resolution mass spectrum calcd. for C,H,.0,(M*) 171.1021.

Found 171.1024.

}

2, 2-Ethylenedioxy-7-iodohept-5-yne(47) . CH,S0,C1
(3.4 mL, 44 mmol) was added dropwise to a solution of 45
(6.8 g, 40 mmol) and Et,N (8.36 mL, 60 mmol) in CH.C1,

(200 mL) at 0 °C.. The reaction mixture was stirred 1 h at
25 °C and then transferred to a separatorf,funnel
qontaining.icg water (200 mL)."The organic phase was
separated and washed séquentially with sat. aqueous
solutions of NH,C1, NaH605 and NaCl. Concentration géve'the
crude mesylate 46 which‘was:recrystallized‘from Etg).

(=70 °C). to give white crystals (9.0-g, 91 %, m.p. 34 °C).
Although thié mésylate was not extremély stable; we were
able to obtain satisfactory -H and **C spectra (Appendix).
The mesylate was dissolved in CH,CN (200 ﬁL) céntaining Nai
(11.6 g, 77.5 mmol). The reaction mixtufe was protected
from light and, after 4 h, concentrated to a sludge which
was diiuted with 1:1 Engo-hexane and filtered through basic
alumina. COncéntration and distillation of the residue
(0.05 torr) gave 47 (10.2 g,'94 %) as a colorless oil: 'H
NMR i3oq MHz, cDCl,) 6 3.85 (m, 4H, ZCHAD);,3.61-(t,

J = 2.5 Hz, 2H, CH,I), 2.21 (tt, J = 8 Hz and 2.5, 2H,

: csccn;), 1.78 (t, J = 8 Hz, 2H, CH,), 1.23 (s, 3H, CH,); *C
NMR‘(75 MHz, CDC1,) § 108;76, 96.90, 86J11,'64.66,’37.43,
23.68, 13.80, -16.87; IR (filﬁ) 2982, 2958,‘2934, 2882,

2230, 2204, 1446, 1378, 1254, 1220, 1176, 1144, 1100, 1054,
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862 'cm™; high resolution mass spectrum calcd. fbr

C.H,,I0,(M*) 279.9960. Found 279.9966.

0—2,3;5,6—Tetrahydropfran—2fylhydroxylémine(40).
ﬁ-hydroxyphthalimide (36.63 g, 0.2 mol) suspended in CJH,’
(400 mL) was treated with dihydfopyran (20.1 mL, 0.22 mol)
and a few drops of POCl,. The reaction mixture was b}ought
to reflux for 16 h, at which time the heating bathlwas
removed. The reaction mi#ture‘was subsequently-maintainéd
at reflux by the slow addition of hydrazine monohydrate
(12.01 g, 0.24 mol). After an additional 4 h at reflux, the
reaction mixture was cooled to 25 °C and filtered. The |
solids_were washed with CJ@ aﬁd‘the combined\brganic phasesf
were dried. Concentration gave a red oil whidh upon
distillation yielded 40 (20.1 g, 85 %) as a white solid
(m.p. 38 °c): ‘H NMR (300 MHz, CDCl,) § 5.44 (br s, 2H,
NH,), 4.59 (t, J = 3.4 Hz, 1H, HCO,), 3.79 (m, 1H, OCH;),
3.46 (m, 1H, OCH,), 1.8-1.3 (m, 6H, 3CH;); *°C NMR (75 MHz,’

cbcl,) § 102.09, 62.06, 28.52, 24.96, 19.34.

(E) ahd (Z)-O—(2,3,5,6;Tetrahydropyran-2—yl)-hexan—z—
one oxime(41). A solution of 2-hexanone (5.0 .g, 50 mmol)-
and 40 (5.9 g, 50 mmol) in C/H, (100 mL)'was refluxed under
Dean-Stark conditions for.l h. , Concentration of the
reaction mixture followed by_distiliation.(74—76 °C and.

16 mm) gave 41 (9.77 g, 98 %)'as_a'clear dil composed of a

mixture of the E and Z isomers. For characterization, the

i
LY
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isomer mixture (0.2 g, 1 mmol) in THF (0.5 mL) waé added to
LDA (1.1 mmol) in THF (1.5 mL) at -48 °C. After 5 h a£
--48 °C the reaction mixture was quenched by slow addition of
absolute.CHJH{. Filtration and.cdncentration afforded the E
isomer of‘41 (0.192 g, 96 %) as a‘qélorless’oilz *H NMR
(300 MHz, CcDC1,) § 5.i4ifm,‘1ﬁ, O,CH), 3.95-3.45 (m, 2H,
OCH,), 2.15 (m, 2H, N:CCH,), 1.83 (s, 3H, CH,), 1.8-1.0 (m,
10H, 5CH,), 0.84 (t, J = 7.2 Hz, 3H, CH3);‘13C NMR (75 MHz, -
cDCl,) § 159.62, 100.27,\63.i1, 35,49, 29.04)~28.éo, 25.17,
2.2.28.‘, 20.14, 13.8s6, 13.68,’ IR (film) 2954,' 2872, 1466,
1456, 1368, 1202, 1112, 1080, 1042, 982, 936 cm*; high
resolution mass spectrum calcd.' for C,,H,,NO,(M*) 199.1572.

Found 199.1573.

0-(2,3,5,6-Tetrahydropyran—2-yl)-2,2—-ethylene-

' dioxytridec—s—yn—f—one oxime(48j. To i—Pr;Nﬁ (1.62 mL,
11.55 mmol) in THF (8 mL) at 0 °C Qas added n-BuLi (3M in
heptane, 3.85 mL, 11;55 mmol). ,Aftef_ls min the reaction
mixture was cooled to“—48 °C and 41 (2M in THF, 5.25 mL, -
10.5 mmol) was added. After 5h at -45 to -48 °C, 47.

(2.80 g, 10 mmol) in THF (6 mL) was édded dropwise, and the
-reaction mixture was maintained for 1 h at -48 °q. CH,OH
(1 mL) was then added and the reaction mixture was
concentrated. Dilution with 1:1 Et,O-hexane (20 mL)
followed by filtration throﬁgh neutral alumina and
concentration afforded 48 (3.44 g, 98 %) as a light ygllow |

0il which could not be distilled: *H NMR (300 MHz, CDCl,)




86
§ 5.17 (m, '1H, HCO,), 3.90 (m, 5H, OCH,CH,0, OCH,), 3.60 (m,

1H, OCH,), 255-2.15 (m, 8H, 4CH,), 1.9-1.2 (m, 12H, 6CH,),

1.29 (s, 3H, CH,), 0.88 (t, J = 7.3 Hz, 3H, CH,); *C NMR (75

' MHz, CDCl,) 6 161.6, 109.00, 100.15, 80.35, 78.73, 64.61,

62.80, 38.36, 34.26, 28.95, 28.56, 28.00, 25.19, 23.68,
22.45, 19.88, 15.49, 13.73', 13.51; IR (f£film) 2956, 2930,
2874, 2852, 1456,. 1376, 1204, 1134, 1112, 1078, 1058, 1042,
946, 788, 764 cm*;'high.résoldtion mass spectrum calcd.‘for

C,oH,,NO, (MH") 352.2488. Found 352.2448.

(%) 7—amino-2,2-eihylenedioxytridec—s-yne(39).- A
solution of 48 (19.7 g, 56 mmoi) in Et45(100 mL) was slowly
added to LiAlH, (4.25 g, ilz mmol) in'Etgn (100 ﬁL) which
was cooled to -78 °C. The reaction mixture was brought to
reflux for 2 h, cooled to -78 °C and was subsequentiy

quenched with 10 % KOH. The organic phase was decanted,

concentrated, dried as a solution in 1:1 CH,Cl,-pentane and -

reconcentrated. Distillation (160 °C and 0.1 torr) gave 39
(12.04 g, 85 %) as a colorless oil: *H NMR (300 MHz, CDCl,)
5§ 3.80 (m, 4H, Qcﬁ;ngd), 2.69 (m, 1H, Ncn), 2.11 (m, 4H,
CH,CiCCH,), 1.74 (m, 2H), 1.55-1.4 (m, 1H), 1.35-1.1 (m;
10H), 1.03 (br s, 2H, NH,), 0.79 (t,AJ - 7.6 Hz, 3H, CH,):
3¢ NMﬁ (75 MHz, CDCl,) & 108.93, 79.84, 79.34, 64.45, 50.15,
38.41, 37.57, 36.91, 28.09; 23.56, 22.62, 15.52, 13.87,
13.45; IR (film) 3374, 3306, 2980, 2956, 2930, 2874, 2860,

1582, 1448, 1378, 1254, 1220, 1132, 1102, 1056, 860 cm™;
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o high resolution mass spectrum calcd. for ch”Nozur)'

.253.2042. Found 253.2046.

(1) 2—Buty1—3,4—dihydro—5—(4,4—ethy1enedioxypentyl)—2Hf
pyrrole(38). To Et,N (260 ul, 1.9 mmol) and CpTiCl, (208ng,
0.95 mmol) in THF (10 mL) at 25 °C was added 39 (1.20 g, |
4.74 mmol) inlfHF'(lo mi). After 1 h, 5 % methanolic NaOH
(4 nL) was added/ and the reaction mixture brbught‘to
dryness. The resultant mass was triturated.with hexane
(3 x 10 mL) which was then filfgred through powdered K*K%L
Concentration yielded 38 (1.12 g, 93 %) as a slightly
colored oil: *H NMR (300 MHz, CDCl,) & 3.88 fm, 4H,
OCH,CH.0), 2.55=2.2 tm, 5H, N=C(CHQ;, NCH), 2.1-1.7 (m, 1H),
i.7-1.55_(m, 5H), l.45-l.1l(m, 9H), 0.86 (m, J’= 7, 3H,

CH,); **C NMR (75 MHz, CDCl,) & 176.70, 109.83; 72.48, 64.56,
38.71, 36.81, 36.36;.35.90, 28.82, 28.55,\23.69; 22.80,
21.14, 14.02; IR (film) 2956, 2928,'2872, 1644, 1458, 1376,
1256, 1218, 1132; 1060; high resolution mass-épectrﬁm_calcd.

for C,.H,,NO,(M*) 253.2042. Found 253.2034.

() 2-Butyl-5-(4,4-ethylenedioxypentyl)-28,3,4,5B~
tetiahydro—lH—pyrrole(37). A*-pyrroline 38 (1.265 g,
5 mmol) was added over 10 min to a solution of DiBAL-H (1M
in C,H,, 20 mL, 20 mmol)_in:THF (15 mL) at -78 °C. After
30 min the reaction mixture was warmed to -50 °C, and then

to 0 °C over 3 h. The reaction mixture was quenched by

careful addition of 10 % aqueous KOH (6 mL) and then
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saturated with K,CO,. The organic phase was separa£ed and
combined with two Et.0 extractioné of the aqueous phése.
Concentratiph‘éave 37 (1.21 g, 95 %) .as an unstable red oil
which was used without pﬁrification:, 'H NMR (300 MHz, .
cDCl,) 6 3.81 (m, 4H, OCH,CH,0), 2.8 (m, 2H, 2NCH), 1.72(m,
2H, CH,), 1.53 (m, 2H, CH,), 1.45-1.0 (m, 15H,' 6CH,, CH,),
0.96 (app d, J = 6.6 Hz, 1H), 0.77 (t, J = 7 Hz, 3H,vCH3);
3¢ NMR (75 MHZ, CDCl.) § 109.84, 64.40, 59.19, 59.10. 39;19,
36;84,‘56.32, 31.12,.29.51, 23.53, 22.71, 21.86, 20.40,
13.86; IR (film) 3854, 2954, 2872,.1652, 1462, 1376,‘1252,
1220, 1142, 1060;.948 cm*; high resolution mass spectrﬁm

caled. for C,.H,,NO,(M‘) 255.2198. Found 255.2191.

(i)fMonomorine(l). A soiution of 37 (1.275 g, 5vmmol)
in THF (15 mL) was stirred ove:niéht with 5 % HCl‘(S hL);
The'reactidn:mixture was saturated with K,CO,, the organic
phase was separated and combined with two Et,O0 extractions
of the aqueous bhase. The solvent was removed and the
resultant oil was diluted with THF (10 mL) to which NaBH,CN
(0.314 g, 5 mmol) in CH,OH (3 mL) and 5 % HCl (1 mL) were
added. After 2 h the reaction mixture was saturated with
Kgxg,‘the organic phase was separated and combined with two
Et,0 extractions of the aqueous phase. Concentration and
flash chromatography of the residue (silica gel,~10 %
Et,0/hexane) gave 1 (0.70 g, 72 %) as colorléss oil: *H NMR
(300 MHz, CDCl,) § 2.44 (tt, J = 10 and 2.5 ﬁz,-lﬂ, NCH),

2.18 (m, 1H, NCH), 2.03 (m, 1H, NCH), 1.87-1.15 (m, 16H,
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8CH,), 1.10 (d, J = 6.4 Hz, 3H, CH)), 0.86 (t, J = 7 Hz, 3H,
CH,); -*C NMR (75 MHz, cnc1sj'6 67.07, 62.77, 60.14, 39.68,
35.85, 30.91, 30.30, 29.70, 29.26, 24.87, 22.85, 22.79,
14.07; IR (film) 3402, 2956, 2930, 28'}2, 2860, 1456, 1378,
1320, 1302,. 1206, 1130, 788,cm*;'high‘resoluti6n mass

spectrum calcd. for C,,H,,N(M") 195.1987. Found 195.1982,

Undec-2-yn-1-01(52). Lithium metal (3.82 g, 0.55 mole)
was added in'smail portions to a dry ice condensor équipped
flask containing liquid NH, (350 mL) and a crystal of ferric
nitrate. After the blue color was dischargéd, propargyl
alcohol (14.5 mL, 0.25 mole) was added dropwise over 15 min.
After an additional 15 min, octyl bromide (34.5 mL,

0.2 mole) was added, followed by DMSO (175 mL). The
reaction mixture was allowed to warm to 25 °C ovefnight and
was then diluted to 750 mL with ice water. The aqueous
layer was extracted with Et,0 (4 x 150 mL). The combined
extractions were washed with brine, dried and filtered.
following coﬁcenfration, the crude product was distilled
through an 8" vigeroux column (72 °§ and 0.025 torr) to -
afford 27 g (éo %) of 52 as a colorless oil: *H NMR

(300 MHz, CDCl_;,) § 4.22 (d‘l;, J = 6.0 and 2.2 Hz, 2H, CH)0),
2.33 (s, 1H, OH), 2.isl(tt, J = 7.0 and 2.2 Hz, 2H, CiCH,),
:1;48 (app pent, J = 7.2 Hz, 2H, CH,), ;;4—1.15 (m, 10H,
5CH,), 0.86 (t, J = 6.7 Hz, 3H, CH,);.**C NMR (75 MHz, CDC1;)

§ 86.27, 78.28, 51.07,.31.74, 29.08, 29.01, 28.80, 28.55,
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22.54, 18.64, 13.94; IR (film) 3300, 2900, 2820, 2200, 1460,
1130, 1010 cm™.

1-Bromoundec-2-yne(53). A solution of Br, (6.3 g,
39.5 mmol) in CCl, (25 mL) was added dropwise to a 0 °C
solution of Ph,P (10.3 g; 39.5 mmol) in CCl, (100 mL).
After 15 min a solution of 52 (6.72 g, 40 mmol) in ccCl,
(25 mL) was added. The reaction mixture was brought to
reflux for 1 h and was then cooled to 0 °C. and filtered.
The solids were washed'with CCl, (2 x 20 mL) and the
combined bréanics-were concenfrated to a white mass. The
solids wére‘triturated with hexane (2 X 50 mL) which was
subsequently concentrétéd to an oil. Vacuum distillation
affords 7.56 g (81 %) of 53 as a colorless oil: *H NMR
(300 MHz, CDCl,) § 3.90 (t, J = 2.4 Hz, 2H, CH,Br), z;zi‘
(tt, J = 7.0 and 2.4 Hz, 2H, CiCCH,), 1.48 (app pent, J =
7.2 Hé, 2H, CH;), 1.55-1.15 (m, 10H, 5CH,), 0.86 (t, J =
6.7 Hz, 3H, CH,): **C NMR (75 MHz, CDCl,) § 88;32, 75.24,
31.éo,v29.12, 29.02, 28.81, 28456,,22.62, 18.93, 15.69,

14.05; IR (film) 2890, 2820, 2210, 1450, 1200 cm™.

L—Phenylalénine methyl ester hydrochloride.: A -5 °C
suspension of phenylalaniﬁe (20 g, 121 pmol) in CH;ﬁi(lzb
mL) was treated with SoCl, (15.7 mL, 1.78 eq) at such a rate
that the internal témberature did nof exceed 0 °C. The
mixture was allowed fo stir 4 h at 25 °C and was thenl

concentrated; The resultant solids were diluted with and
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stripped of CH,0H (60 mL) four times. The solids were then

slurried with Et,0 (150 mL) and filtered. After washing the

"solids with Et,0 (2 x 50 mL) the residual solvent was

removed under vacuum. Grinding in a mortar with a pestle

yields 25.5 g (98 %) of the title compound as a white

powder. Due to the limited solubility of this salt, it was

"converted to the frée amine for characterization. *H NMR

(300 MHz, cpcl,) § 7.25-7.05 (m, S5H, Ph), 3.63 (dd, J = 7.8

and 5.2 Hz, 1H, NCH), 3.61 (s, 3H, CH,), 2.99 (dd, J = 13.5

and 5.2 Hz, PhCH), 2.77 (dd, J = 13.5 and 7.8 Hz, PhCH),

1.42 (s, 2H, NHZ);NHC NMR (75 MHz, CDCl,) 6 174.99, 136.96, .

128.90, 128.14, 126.40, 55.47, 51.49, 40.76. o

Methyl N-(diphenylmethylene)-IL-phenylalaninate(55).
The preparation of this compound has been described by Polt.
'H NMR (300 MHz, CDCl,) 6§ 7.7-6.6 (m, 15H, Ph), 4.29 (dd; .

J = 9.3 and 4.3 Hz, 1H, NCH), 3.74 (s, 3H, CH,), 3.31 (44,

J

13.3 and 4.3 Hz, 1H, PhCH), 3.21 (dd, J = 13.3 and’
9.3 Hz, 1H, PhCH); **C NMR (75 MHz, CDCl,) & 172.17, 170.74,
139.29, 137.82, 135.97, 130.17, 129.76, 128.68, 128.24,

128.06, 127.90, 127.53, 126.22, 67.13, 52.06, 39.70.

‘ (28, 38) and (28, 3R)-2—[N—(diphenylmethylene)amino]-l—
phenylhex-5-yn-3-01(59) and (60). A 1L flask charged with
methyl N-(diphenylmethyléne)-L-phenylalaninate (19.5:g,

57 mmol) and CH.Cl, (440 mL) was cooled to =73 "C. A

mixture of TriBAL (1 M in C,H,, 57 mL, 1 eq) and DiBAL-H
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(1 M in CH,, 57 mL, 1 eqg) was then addea slowly via
addition funnel so that the temperature did not exceéd
-68 °C. Upon completion of the addition,.fhe Qellow ‘
solution was treated with H.C:C:C(H)MgBr (1.8 M in Et.0,
95 mL, 3 eq), again at a‘rate sﬁch that the teﬁperature,did.
not exceed -68 °C. The resultinq green reaction mixture was

o

stirred 10 h at -73 °C before slowly warming to 15 °C for

4 h. After cooling to 0 °C, aqueous NaOH (5 M, 63 mL) was

added slowly over 1'h. The red organic layer was then

" decanted and combined with 3 x 100 CH,CI, washes of the

green solids for drying. The concentrated organics were

rediluted with CC1l, and filtered through,é pad of basic

‘alumina. Concentration gave 19.15 g (55.8 mmol, 95 %) of

the diastereomeric mixture as a viscous red oil. When 10 g

of this mixture was chromatographed on 600 mL of silica gel.

(10 % EtOAc/Hexane) there was obtained 5.755 g (16.8 mmol,
55 %) of the 2S,3S8 diastereomer (59) as a yellow-green,
gelatinous solid and 1.761 g (4.99 mmol, 16.8 %) of the

2S,3R diastereomer (60) as a white solid:

(25,355—2—[N—(diphenylmethylene)amino]—1-phenylhex—5—
yn-3-01(59). 'H NMR (300 MHz, CDCl,) 6§ 7.8-6.7 (m, 15H,
Ph); 3.93 (app g, J = 6.7 and 6.0 Hz, 0.6H, NCH), 3.83 (app
t, J = 6.4 Hz, 0.4H), 3.75 (app dt, J = 7.0, 6.2 and 1.7 Hz,
0.4H), 3.47 (app g, J = 7.4 and 5.7 Hz, 0,6H), 3.06, 2.95,
2.88 and 2.86 (all dd, J = 13.2 and s.slhz,r14.1 and 5.7 Hz,

13.2 and 4.5 Hz, and 14.1 and 8.0 Hz, respectively, 2H,
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PhCH,), 2.46 and 2.40 (m, 1H, C:CCH), 2.32-2.18 (m, 1H,

CiCCH), 1.97 (app t, J = 2.7 and 2.4, 0.6H, CiCH), 1.92 (app

t, J = 2.7 and 2.4, 0.4H, c;cﬁ); *3C NMR (75 MHz, CDCl,) §
169.92, 144.94, 144.7é, 139.10, 138.42, 138.32, 136.09,
130.33, 129.77, 129.02, 128.41, 128.19, 128.10, 123.04,
127.98, 127.62, 127.49, 127.28, 126.40,‘126.19, 126109,
126.05, 99.45, 80.89, 80.62; 79.91, 71.00, 70.14, 65.50,
64.77, 39.54; 39.37, 25.52, 24.00; (note: ~oxazolidine4'
imine tautomerism); IR (film) 3460, 3250, 3050, 3030, 2990,
2890, 2100, i655, 1615, 1595,‘1485, 1445; 1310, 1275, 1246,

1065, 1030, 950, 780, 755, 710 cm™.

(28,3R)~2~[N~-(diphenylmethylene)amino]-1-phenylhex-5-
yn-3-01(60). *H NMR (300 MHz, CDCl,) § 7.7-6.3 (in, 15H,
Ph), 3.94 (app q, J = 5.4 Hz, 1H, OCH), 3.64 (ddd, J = 9.5,

5.4 aﬁd 3.1 Hz, 1H, NCH), 3.05 (dd, J = 13.0 and 3.1 Hz, 1H,

PhCH), 2.90 (dd, J = 13.0 and 9.5 Hz, 1H, PhCH), 2.68 (br s,

1H, OH), 2.57 (ddd, J = 16.7, 5.6 and 2.7 Hz, 1H, C:CCH),

2.48 (ddd, J = 16.7, 7.5 and 2.5 Hz, 1H, C:iCCH), 1.98 (app

t, J = 2.7 and 2.5.Hz, 1H, C:iCH); *3C NMR (75 MHz, CDCl,) §

. 168.79, 139.56, 138.94, 136.30, 130.18, 130.00, 128.46,

67.03, 37.83, 23.73; IR (KBr) 3230, 3090, 3010, 2990, 2905,
2850, 2100, 1605, 1480, 1440, 1325, 1280, 1105, 1045, 1015,

775, 690 cm™.

A128.11, 127.97, 127.85, 127.65, 125.94, 80.88, 73.01, 70.75, ..




~ provided a viscuous o0il. Chromatography (50 % EtOAc/Hex)
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(4S,55)-5-(Phenylmethyl)-4-(prop-2'-yn-1'-yl)-2- ‘

oxazolidinone (61). A splution of;(zs,3s)-3-hydroxy;14

phenylhex-5-yn-2-ylamine (140 mg, 0.74 mmol); prepared by

hydrolysis of 59) and carbonyldiimidazole (156 mg,

0.96 mmol) in THF (3 mL) was stirred at 25 °C for 2 h. ' The

mixture was concentrated -and the fesultant solids dissolved

in Et,0. The organié'phasé was washed with 1 M HC1

(2 x 5 mL) and sat. aqueous NaHCO, (5 mL). 'Filtrétion of

the organics through powdered K;KZ and concentration

affords 100 mg (47 %) of 61 as a white solid: *H NMR

(300 MHz, CDCl.) § 7.4-7.1 (m, 5H, Ph), 6.21 (s, 1H, NH),
4.36 (appAq, q = 6.6 and 5.1 Hz, 1H), 3.9Q (aﬁp d, J-= 6.6
and 5.1 Hz, 1H), 2.88 (d, J = 7.0 Hz, 2H, PhCH,), 2.46 (ﬁ,
2H, CECCHzf, 1;97,(app t, J = 2.7 Hz, C:iCH); **C NMR ‘
(7.5 MHz, CDCl,) § 158.18, 135.65, 129.12,-128.85,.127.16,
78.36, 77.42, 71.56, 58.04, 41.62, 24.19; IR (cCl,) 3300,

2900, 1750, 1390, 1240, 790, 760, 710 cm™.

(ZS,3S)—3—benzyloxy-2-[N—(diphenylmethylene)amino]il-
phenylhex-5-yne(63). A solution of 59 (5.4 g, 15:3 mmol) in ;
THF (30 mL).was added over 15 min to a'sqspension of KH '

(1.2 g, 30 mmol) in THF (50 mL)'at 25 °C. After 2 h at
25 °C, the dark fed sclufion was cooled to OV°C and PhCHJh:
(3.57 mL, 30 mmol) was added. After 10 min at 0°C, the
mixtgfe was warmed fo 25 °C for 1 h. The mixture was thén

poured intb ice water (100 mL) and Et,0.(100 ﬁL)..The
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organics were sééarated, dried and concentfated. After
redrying as a solution in 1:1 CH,Cl,-pentane, the organics
were again concentrated to yield 6.916 g'(loz %) of crude
63. An analytical sample was prepa;ed by éhromatography on
.siliqa gel (5 % EtOAc/Hexane): *H NMR (300 MHz, CDCl,) “

5 7.6-6.4 (m, 20 ﬁ} Ph), 4.76 (4, J = ll.é'Hz, 1H, PhCHO),
4.62 (d, J = 11;8 Hz, 1H, PhCHO), 3.89 (ddd, J = 9.8, 5.35
and 3.0 Hz, 1H, NCH), 3.75 (ddd, J = 7.6, 5.35 and 3.7 Hz,
1H, OCH), 3.09 (ad, J - 12.8 and 3.0 Hz, 1H) PhCH), 2.96 and

2.94 (overlapping dd, J = 12.8 and 9.8 Hz, 1H, PhCH and ddd,

J =17, 3.7 and 2.4 Hz, 1H, CiCCH), 2.69 (ddd, J = 17, 7.6
and 2.7 Hz, 1H, -C:iCCH), 1.34 (app t, J = 2.7 and 2.4 Hz, 1ﬁ,
CiCH); *C NMR (75 MHzZ, cDCl,) §.168.52, 139.67, 139.30,
138.49, 136.50, 129.80, 129.73, 128.36, 128.12, 127.97,
127.88, 127.82, 127.75, 127.65, 127.58, 127.37; 125.74,
82.14, 80.47, 72.51, 69.53, 66.36, 37.31, 20.94; IR (film)
3270, 3050, 3000, 2900, 2115, 1740, 1650, 1625, 1490, 1455,
1445, 1910, 1275, 1240, 1060, 1025, 745, 695 cm™; high

resolution mass spectrum calcd. for C,H,,NO(M~-H") 442.2211.

Found 442.2216.

(2S,3S)-3-benzyloxf—2-[N—(diphenylmethylené)amino]fl-
phényl-ﬁ-(thiomethyl)hexés-yne(64). A solution of i-Pr,NEt
(73 #l, 0.522 mmol, 1.05 eq) in THF'(3 mL) at .0 °C was
treated with n-BulLi (2.53 M in heptane, 206 pul, 0.522 mmdl,
1.05 eq). After 30 min thé mixture was cooled to -35 °C and

63 (0.25 M in THF, 2 mL, 0.497 mmol) was added dropwise.
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ﬁMPA (86 uil, 0.497_mmol) was added. after 1.h aﬁd the mixture
was then warmed to 0 fC for 1 h. CH,SCN (40 ﬁl, 0.577 mmol)
was then added dropwise. After 30 min at 25 °C the reaction
mixture waé partitioned betweén Et.0 and sat. agueous NH,C1l. .
.The layers were separated and the organic phase was washed
with sat. aqueous NH,CI. éoncentration,ofjthe organics gave
a fed'oil which was filtered through neutral alumina (20 %
EtOAc/Hexane) . Concentration affords 0.234 g (96 %) of 64
as a red oil: *H NMR (300 MHz, CDCl,) 6§ 7.8-6.5 (m, 20H,
Ph), 4.78 (d, J = 11.9 Hz, 1H, PhCHO), 4.67 (d, J = 11.9 Hz,
1H, PhCHO), 3.§4 (m, 1H), 3.79 (m, 1H), 3.17 (dd, J = 12.7
and 3.0 Hz, 1H), 3.08 (dd; J = 17.2 and 4.0 Hz, 1H), 3.02
(dd, J = 12.7-and 9.8 Hz, 1H), 2.85 (dd, J = 17.2 and
7.3 Hz, lﬁ), 2.56 (s, 3H, CH,); **C Nﬁﬁ (75 MHz, CDCl,) -§
168.33, 139.57, 139.23, 138.41, ;36.43, 129.70, 129.62,
128.25, 128.02, 127.86, 127.74, 127.66, 127;53, iz7.50,
-127.26, 125.64, 90.52, 80.37;172.24, 71.37, 68.35, 37.35,
22.44,-18.75; IR (fiim) 3050, 3020, 2940, 1970, 1670,.1620,
1600, ;506, 1455, 1456, 1320, 1280, 1089, 1030, 780, 690

cmt.

_(ZS,BS)—3—benzyloxy-2—[Nf(diphenylmethylene)amino]el—
phenyltétradec—S—yne(GS). A solution of 63 (3.46 g of cfude
produét, ~7.65-mmol)_in‘THF (25 mL) was added to a solution
of LDA (9.56 mmol, 1.25 eq) in THF (50 mL) maintained af
-35 °C. After 10 min, HMPA (1.33 mL, 1.0 eq) was added and

the mixture was warmed to 0 °C for 45 min. The blue-green
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solution was then treated with n-C/H,, I (2.76 mL, 2 eq) and
allowed to stir 11 h. at 25 °C. The reaction mixture was

then‘bartitiqned between  Et,0 (100 mlL) and sat. aquéous>

NH,C1 (100 mL). The organics were separated and washed

twice with sat. adueous NH,C1 (50 mL) and wére then dried
and concentrated. Thelcrude material.was chromafographed on
silica gel (5 % EtOAc/Hexane) to afford 2.22 g (52 % from
59) of 65 as a light orange, viscous oil: *H NMR (300 MHz,
CDCl,) 6§ 7.7-6.4 (m, 20H,'Ph),.4.73 (d, J =-11.8 Hz, 1H,
PhCHO), 4.59 (d, J = 11.8 Hz, 1H, PhCHO), 3.87 (ddd,

J =19.6, 5.6 and 3.0 Hz, 1H, NCH), 3.68 (ddd, J = 7.1, 5.6
and 4.0 HZ! 1H, OCH), 3.06 (dd, J = 12.8 and 3.0 Hz, 1H,
PhCHC), 2.92 (dd, J = 12.8 and 9.6 Hz, 1H, PhCHC), 2.84 (app
d pent, J = 16.9, 4.0 and 2.3 ﬁz, 1H, CiCCHCO), 2.63 (ddt,

3 = 16.9, 7.1 and 2.3 Hz, 1H, C:iCCHCO), 2.19 (m, J = 6.9 and
2.3 Hz, 2H, CiCCH,), 1.50 (p, J = 6.9, 2H, C:CCH,CH,), 1.43-

1.28 (br s, 10H, 5CH,), 0.96 (t, J = 6.6, 3H, CH,); **C NMR

' (75 MHz, CDCl,) & 168.30, 139.88, 139.52, 138.80, 136.67,

129.86, 129.62, 128.34, 128.08, 127.94, 127.85, 127.81,
127.74, 127.67, 127.55,-127.27, 125.69, 81.59, 80.98, 77.42, "

72.41, 66.62, 37.66, 31.83, 29;17, 29.14, 28.98('28;95;

. 22.61, 21.30, 18.84, 14.06.

(2s,38)-3-benzyloxy-1-phenyltetradec-5-yn-2-
ylamine(51). To 65 (0.812 g, 1.48 mmol) in THF (14 mL) was
added oxalic.acid-(0.317 M, 5 mL, 1.585 mmol, 1.07 eq).

After 7 h at 25 °C, the reaction mixture was stirred
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Vigofously with Koﬁ (0.5 M, 15 mL) énd Et.0 (10 mL) for 10
min. The organics were separated and combined with thfée.
additional Et,0 extractions (8 mL) of the adueous phase.
Chromatography of thekcéncentrated organics (10 %
EtOAC/Hex -'10 %(ﬂLOH/CHJﬂQ) affords 51.(6.376 g, 65‘%j as
a colorless oil: 'H NMR (300 MHz, CDCl,) § 7.4-7.1 (m, 10H,
Ph), 4.75 (d, J = 11.6 Hz, 1H, PhCHO), 4.51 (a;"q = 11.6 Hz,
1H, PhCHO), 3.44 (app q, J = 10, 5.8 and 4.1 Hz, 1H, NCH),
3.27 (app p, J = 8.8, 4.5 and 4.1 Hz, iH, OCH), 2.89 (44,
J = 13.3 and 5.1 Hz, 1H;:PhCHC); 2.62 (dd, J.= 13.3 and
9.0 Hz, 1H, PhCcHC), 2.58 (m, J = 8.8 and 2.7 Hz, 2H, OCCH,),
'2.16 (app t, J = 6.9 Hz, 2H, CiCCH,), 1.55-1.20 (m cont br
s, 14H, 6CH,, NH,), 0.90 (t, J = 6.5, 3H, CH,); **C NMR (75
MHz, CDCl,) & 139.45, 138.45, 129.15, 128.36, 128.28,
127.73, 127.56, 126.10, 82.32, 80.27, 76.35,‘72;04, 55.09,
41.06, 31.79, 29.14, 29.08, 28.92, 28;86, 22.58, 20.96, °

18.75, 14.02.

(28;33)-3—benzyloxyél—phenylhex-5~yn—2-ylamine(7;). A
solution of 63 (7.24 g, 16.35 mmol) aﬁd oxalic acid “
monohydrate (2.6 g, 20 mmol) 'in THF (30 mL), H.0 (1 mL) and
CH,O0H (6 mL) was'allowed to stir 3 h at ?5 °cC. A solutibﬁ
of KOH (1.2 g) in H,0 (25 mL):was added. The mixture was
transferred to a éeparatory funnel and extracted with hexane
(1 x 20 mL) aﬁd 1:i'ERaO-hexane (2 x 50 mL). The combined |
.organics were dried ahd'éoncentrated: éhromatography of the .

crude product (10 % EtOAc/Hexané-s %(ﬂgOH/CHJHQ) afforded
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3.42 g (75°%) of 71 as a viscuous light yellow oil: *H NMR

(300 MHz, cDCl,) § 7.45-7.1 (m, 10H, Ph), 4.74 (4, J ="

-11.5 Hz, 1H, PhCHO), 4.51 (4, J = 11.5 Hz, 1H, PhCHO), 3.48

(m, 1H), 3.24 (app pent, J = 4.6 Hz, 1H), 2.87 (dd, J = 13.3"
and 5.0 Hz, 1H, PhCH), 2.7-2.5 (m, 3H, C:iCCH), 2.0l (app t,
J = 2.7 Hz, 1H, CiCH), 1.41 (s, 2H, NH,); *C NMR (75 MHz,
CDC1l,) § 139.29, 138.25,-129.20, 128.47, 128.40, 127.84,
127.73, 126.24, 81.12, 79.92, 72.31, 70.23, 55.09, 41.18,
20.76; IR (f£ilm) 3290, 3010, 2900, 2110, 1590, 1490, 1450,

1340, 1060, 1020, 770, 690 cm™; high resolution mass

spectrum calcd. for C, H,.NO(MH*) 280.1702. Found 280.1703.

Anal. Calcd. for C,H,,NO: C, 81.68; H, 7.58. Found: c}

81.13; H, 7.51.

S—Nonylfz-(phenylmethyl)pfrrole(68). A solutidn of
HNEt, (62 ul, 0.6 mmol) in DME (2 mL) was treated with n-
BuLi (2.58 M in hépténé, 233 ul, 0.6 mmol). The resultant
mixture was,added to a solution of‘CpTiCl.3 (66 md, 6.3 mmol )
in DME'(l mL). The mixture was.broughf fo.reflux anq aﬁine |
51 (98 mg, 0.25 mmol) in DME (1 mL) was added dropwise over '
1 h. After an additional 1 h the mixture was cooled to 25
°c and quenched with sat. agueous Naﬁcog. The aqueoué phase
was extracted with-tho (3 x 5 mL) and the combined
extractions were concentrated. Chromatography (10 %
ETOAc/Hexane) provides a 53 % unoptimized yield of p&rrole

68 as an unstable oil. The same product was obtained upon.

treatment of DME or C/H, solutions of CpTi(CH,).Cl with 51:
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'H NMR (300 MHz, CcDC1l,) § 7.50 (br m, 1H, NH), 7.45-7.15 (m,
5H, Ph), 5.89 (app t,‘J =.2.8 Hz, 1H, NC:CH), 5.83 (app £, J.
= 2.8 Hz, 1H, NC:CH), 3.96 (s, 2H, PhCH,), 2.53 (t, J =
7.7 Hz, 2H,.NCCH2), 1.60 (app pent, J = 7.5 Hz, 2H,.CH2),
1.30 (br s, 12H, 6CH;), 0.92 (t, J = 7.0 Hz, 3H, CH,);:
*C NMR (75 MHz,;CDC%3) § 139.87, 132.30,‘128.82,.128.60,
128.49, 126.25, 106.39, 104.68, 34.17, 31.86, 29.63, 29.50,‘
29.41, 29.36, 29.37,.27.78,'22.64, 14.06; IR (£ilm) 3350,

2900, 2840, 1450, 1255, 1225” 770, 700 cm™.

N—Carbomethoxf—s-nohyi-24(phenylmethy})pyrrole(?O). A
solution of CpTiCl, (96 mg, 0.44 mmol) in‘cgﬂ (2 mL) at‘25
°C was treated with CH,Li (0.644 ﬁ, 1.37 mL, 0.88 mmol).

.The mixture was brought to reflux and amine 51 (0.4 M in’
CH,, 1 mL, 0.4 mmol) was added over 0.5 h. After 15 min
the mixture was cooled to 25 °C and ClCO,CH, (78 ul, 1 mmol)
vwés added. Aftér 2 h the reacfion mixture was quenched with
CH.OH and concentrated. Trituration of the resultant solids
‘with 30 % EtOAc/Hexane followed by filtration of the
organics through a silica plug and concentration provided
crudg product. éhromatographyr (5.% EtOAc/Hexane) éffor&ed
70 (61 mg; 45 %) as an unstable oil: *H NMR (300 MHz,-
cDpCl,) 6 7.35-7.1 (m, 5H, Ph), 5.89 (d, J = 3.4 Hz, lH,-
NC:CH), 5.78 (d, J = 3.4 Hz, 1H, NC:CH), 4.15 (s, 2H,
PhCH,), 3.77 (é, 3H, CH,0), 2.80 (t, J = 7.6 Hz, 2H,‘NCCH2):
1.60 (app peht, 2H, CH,), 1.45-1.15 (m, 12H,‘GCH2),‘0.91 (t,

J = 6.8, 3H, CH,); **C NMR (75 MHz, CDCl,) § 152.19, 140.02,
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137.37, 133.80, 128.39, 128.20, 128.16, 125.93, 112.34,
109.54, 53.13, 35.91, 31.87, 29.55, 29.48, 29.41, 29.28,
29.02, 22.64, 14.06; IR (£ilm) 2900, 2820, 1745, 1445, 1325;

1110, 1025, 780, 700 cm™.

Octanoyl Nitrile(74). Octanoyl chloride (4.27 nL,

25 mmol) was added to a suspension of CuCN (2.69 g, 30 mmol)

. in CH,CN (30 mL). The resultant mixture was brought to

"reflux for 30 min, at which time the CH,CN was allowed to’

distill from the reaction mixture. The residue was then
distille@ from the copper_Salts under aspirator pressure.
ﬁedistiilation at aspirator pressﬁre (98-102 °C) afforded
2.5 g (65 %) of 74 as a colorless oil: ‘H NMR (300 MHz,
cnc1;) § 2.71 (t, J = 7.3 Hz, 2H, CHan,'l.71‘(app pent, J .
= 7.3 Hz, 2H, CH,CH,CO), 1.4-1.2 (m, 8H, 4CH;), 0.87 (t, J =
6.7 Hz, 3H, CH,); °C NMR (75 MHz, CDCl,) § 177.06, 113.24,

44.98, 31.38, 28.68, 28.48, 22.72, 22.43, 13.89; IR (£ilm)

2910, 2845, 2205, 1725, 1460, 1380, 1370, 1120, 1070, 1015,

740 cm™.,

(48,55)—4-hehzfoxy-2-[2‘-cyano—1f—nonénilf—j1]-5—
(phenylméthyl)—ZHrpyrrole(76). A solution of CpTicCl,
(230 mg, 1.05 mmol) in THF (3 mL) at 25 °C was treated'ﬁith
CH,Li (1.8 M in Et,0, 1.17 mL, 2.10 mmol). After 15 min the
mixture was cooled to 0 °C-and 71 (270 mg, 0.97 mﬁol) in THF

(1 nL) was added. The mixture was stirred 2 h in the dark

at 25 °C. The dark burgundy solution was then cooled to
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0 °C and 74 (168 mg, 1.1 mﬁol) was added. After 2 h at 25
°C fiorisil (~0.5 g) and hexane (5 mL) were added. The
reSultqnt slurfy was filtered throﬁgq florisil (2") with the
aid of 1:1 Et,0-hexane (50 mL). Concentration of fhe
organics yields crude 76 (307 ng, 76 %) as a yellow oil.
The major product can be isolated by column chromatography
(10 % EtOAc/Hexaﬁe) in 40-60 %'yield. However, better
overall yields were obtained when crude 76 was employed in
fhe preparation of 77: *H NMR (300 MHé, CDCl,) 6 7.5-7.15
(m, 10H, Ph), 6.92 (s, 1H, C:CH), 4.56 (d, J =‘11.7K1H,
PhCHO), 4.33 (d, J = 11.7 1H, éhCHO)) 4.25-4.12 (m, éH, NCH,

OCH), 3.41 (4, J 17.7 Hz, 1H, PhCH), 3.33 (dd, J = 13.8

and 6.5 Hz, 1H, N:CCH), 3.23 (dd, J = 13.8 and 8.2 Hz, 1H,
N:CCH&, 2.97 (ddd, J = 17.7, 5.0 and 1.3 Hz, 1H, PhCH), 2.39
(t, J = 7.46 Hz, 2H, C:CCH,), 1.64 (m, 2H,VCH2),'1.45-1.25
(m, 10H, 5CH,), 0.93 (t, J = 6.7 Hz, 3H, CH,); **C NMR

(75 MHz, CDCl,) & 168.63, 139.83, 139.80. 137.74, 129.02,
128,20, 128.13, 127.45, 125.86, 120.29, 117.51, 78.20,
76.81, 71.20, 41.82, 35.98, 34.84, 31.43, 28.68, 28.43,
27.66, 22.40, 13.85; IR (film) 3020, 3000, 2930, 2900, 2850(
2195, 1700, 1495, 1455, 1345, 1100, 1060, 1@30, 730, 690

cm™*; MS (ESI*) chemical mass calcd for C,,H,.N,O(MH') 415.6.

Found 415.6. Anal. Calecd for C,H,N,0: C, 81.12;'H, 8.27.

Found: ¢C, 80.30; H, 8.54.

(28, 3S,5R)-4-benzyloxy~-2-[ 2°'-cyano-1'-nonen-1'-yl ]-1-

methyl—s-(phénylmethyl)—pyrfolidine(77). To a solution of
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crude 76 (307 mg, 0.741 mmol) in CHJHQ‘(3 mL) at 0 °C was
added CH,OTF (100 uL,,0{888 mmol); After 2 h qt 25 °C the
mixture was cooled to -72 °C_and a solution of NaBH,CN
(56 mg, 0.888 mmol) in CHJﬂi (1 mL) was added via syringe. -
The cooling bath was removed and the mixture was stirred
vigorously fér 2 h at 25 °C. After’quenChing wifh'l'M‘NaOH
(3 mi), the‘mixtdre was diluted with pentané'(4 mL). The
organic\phasé was separated and combingd with two 1:1 '
CH.Cl,-pentane extractions (3 nmL) of the aqueous phase. The
organigs were dried and concentrated to afford 77 (258 mg,
81 %) as an orange oil. An analytical sample was prepared
by column chromatography ks % EtOAc/Hexane): 'H NMR
(300 MHz, CDClL,) § 7.4-7.1 (m, 10H, Ph), 6.17 (d, J =

9.3 Hz, 1H, C:CH), 4.43 (d, J = 11.6 Hz, 1H, PhCHO), 4.22

(d, 3 = 11.6 Hz, 1H, PhCHO), 3.72 (m, J = 2.3 Hz, 1H, OCH),

3.25 (app g, J = 8.6 Hz, 1H, NCHC:C), 3.04 (dd, J = 13.2 and
10,1 Hz, 1H, PhCH), 2.83 (dd, J = 13.2 and 4.3 Hz, 1H,
PhCH), 2.56 (app p, J = 5.0 and 4.5 Hz, 1H, NCHBn), 2.31 (5,
3H, NCH,), 2.28-2.17 (m, 3H, g:ccng,_s—n), 1.64 (dd@) J =
13.9, 7.4 and_2,3 Hz, 1H, a-H), 1.53 (m, 2H, CH,), 1.26.(m,

8H, 4CH,), 0.87 (t, J = 6.6 Hz, 3H, CH,); **C NMR (75 MHz,

cDpcl,) § 149.32, 139.69, 139.25, 129.26, 128.23, 128.17,

127.97, 127.52, 125.89, 117.37, 115.94, 77.55, 72.64, 71.02,
66.00, 39.30, 36.45, 34.16, 33.87, 31.62, 28.81, 28.52,
27.84, 22.52, 13.95; IR (film) 3050, 3000, 2900, 2850, 2190,

1470, 1440, 1330, 1140, 1085, 1055, 1020, 755, 690 cm™.
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high resolution mass'épectrum calcd. for C”Hyﬁgo(M+)

430.2985. Found 430.2988.

Diastereomeric Nitriles 78. To crude 77 (250 mg,

' 0.58 mmol) in abs. CH,OH (5 mL) was added magnesium turnings
(0.56 g, 23 mmo;). The flask was then placed in a water
bath af 25 °C and stirred 5 h. The mlxture was concentrated
and then -subjected to Qacuum. The resultant mass was
triturated with hexane (3 X 4 mL). After filtering through‘
a plug of florisil the orgéhics wére concentrated to afford
78 (230 mg, 90 %) as a reddish oil. Chrpmatographic
purification (5 % EtOAc/Hexane) provided 147 mg (35 % from
71) of the diastereomeric mixture 78. The 'H NMR spectrum
of the mixture (Appendix) exhibits two NCH, reéonances in a
ratio of 0.76:1. IR (film) 3040, 3000, 2990,'2§30, 2215,
1470, i450, 1430, 1330, 1110, 1080, 1050, 1015, 755,

690 cm™; high'resolution mass spectrum calcd. for

CaoH,N,O(M*) 432.3140. Found 432.3147.

%
(2Ss,3s8, 5R) 1—methy1—5—nony1 2- (phenylmethyl) 3-

pyrrolldlnol(z). To potassium (100 mg, 2.6 mmol) in Et()
(2 mL) at 0 °C was added first HMPA (0.5 mL), followed‘by a
solution of the nitriles 78 (43.3 mg, 0.1 mmol) and t-BuOH
" (100 mg, 1.35 mmoi) in Et,0 (0.8 mL) and toluene (0.8 mL).
In the.absenée of toluene as cosolvent, reduction of the
phenylmethyl substituent was also observed. The resultant

mixture was stirred 4 h at 25 °C and then diluted with
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hexane (4 mL). The organics were decanﬁed and éftracted
with sat. agqueous NH,Cl (6 xl3 mL). Drying and |
concentrationlafforded crude'producf which exhibited
olefinic resonances in its *H NMR spectrum.l‘The crude
material was diluted with abs. EtOH (5 mL) and 10 % Pd-C
(3 mg) was added. The flask was flushed with H, and the
mixture then stirred 4 h under H, (40 -psi). After filtering‘

through celite with the aid of EtOAc/Hexanes, the organics

‘were concentrated to a red oil. Chromatography on silica

gei (5 % Cl-fz'OH/CHQCIZ) afforded 2 (27 ﬁg, 85 %) as a Waxy
solid: [a@]®, +30.0° (c 1.0, CHC1,); *H NMR (300 MHz, CDCl,)

§ 7.35-7.1 (m, 5H,.Ph), 3.86 (m, 1H, OCH), 2.90 (dd, J =
13.3 and 10.4 Hz, 1H, NCH), 2.87 (dd, J = 13.3 and 4.3 Hz,
1H, NCH), 2.40 (s, 3H, NCH,), 2.35-=2.1 (m, 3H), 1.8-1.15 (m,
17H), 0.85 (t, J = 6.3 .Hz, 3H, CH,); Be NMR (75 MHz, CDC1, §.
138.96, 129.36, 128.45,‘126.24, 74.10, 70.19, 66.45, 39.29;
38.34, 34.03, 33.19, 31.87, 29.76, 29.56, 29.52,j29.26,.
26.31, 22.64, 14.03; IR (film) 3360, 30;5,A3oop, 2920, 2906,
2830, 2760, 1480, 1455, 1130, 1025, 780, 695 cm™; high
resolution mass spectrum calcd. for C,,H, . NO(M*~H) 316.2641.v

Found 316.2644. (
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Figure 8

H NMR Spectrum of I-lodo-5-phenylpent-4-yne(16)
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Figure 11.
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Figure 12 H NMR Spectrum of 7-lodo-1-phenylhept-1-yne(35)
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Figure 14.
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Figure 15
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Figure 16.

H NMR Spectrum of Dec-5-yn-2-one(25).
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Figure 17 .
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Figure 18.

H NMR Spectrum of Dec-5-yn-2-ylamine(26).
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Figure 19.
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Figure 20.

H NMR Spectrum of 2,2-ethylenedioxy-5-phenylhex-5-yne(23)
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Figure 21.
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H NMR Spectrum of 6-Phenylhex-5-yn-2-ylamine(7).

1.5



Figure 22.
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13 NMR Spectrum of 6-Phenylhex-5-yn-2-ylamine(7).
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Figure 26.
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Figure 27.
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Figure 28.
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H NMR Spectrum of 6-Phenylhex-5-yn-I-ylamine(9)
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Figure 29 .
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13 NMR Spectrum of 6-Phenylhex-5-yn-I-ylamine(9).
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Figure 31.
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13 NMR Spectrum of Dec-5-yn-I-ylamine(11).
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Figure 33.
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X NMR Spectrum of Pent-4-yn-I-ylamine(28).
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Figure 34

H NMR Spectrum of 3,4-Dihydro-5-(phenylmethyl)-2H-pyrrole(4).
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Figure 35. 13 NMR Spectrum of 3,4-Dihydro-5-(phenylmethyl)-2H-pyrrole(4).
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Figure 37 13 NMR Spectrum of 2-(Phenylmethyl)-3,4,5,6-tetrahydro-pyridine(10).



H NMR Spectrum of 3,4-Dihydro-5-pentyl-2H-pyrrole(6).
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Figure 39. 1 NMR Spectrum of 3,4-Dihydro-s5-pentyl-2H-pyrrole(6)
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Figure 40. H NMR Spectrum of 3,4-Dihydro-2-methyl-5-(phenylmethyl)-2H-pyrrole(8).
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Figure 41 . 1 NMR Spectrum of 3,4-Dihydro-2-methyl-5-(phenylmethyl)-2H-pyrrole(8).
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Figure 43.
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1 NMR Spectrum of 3,4-Dihydro-2-methyl-5-pentyl-2H-pyrrole(27).
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Figure 44.
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H NMR Spectrum of 2-Pentyl-3,4,5,6-tetrahydropyridine(12).
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13 NMR Spectrum of 2-Pentyl-3,4,5,6-tetrahydropyridine(12).
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Figure 46.

PPM

H NMR Spectrum of 3,4-Dihydro-5-methyl-2H-pyrrole(29).
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Figure 47
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1 NMR Spectrum of 3,4-Dihydro-5-methyl-2H-pyrrole(29)
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Figure
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H NMR Spectrum of (E,E)-2,2-Dimethyl-4,6-octadiene-l1-ylamine(32).
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Figure 49. 1 NMR Spectrum of (E.E)-2,2-Dimethyl-4.,6-octadiene-1-ylamine(32).
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Figure 51. 13 NMR Spectrum of (Z)-5-Phenyl-4-penten-Il-ylamine(30).



Figure 52

H NMR Spectrum of 6-Methyl-5-hepten-2-ylamine(3l)
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Figure 53
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1 NMR Spectrum of 6-Methyl-5-hepten-2-ylamine(31)
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Figure 54.

PPN
H NMR Spectrum of 5,5-Ethylenedioxyhex-2-yne(44).
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L NMR Spectrum of 5,5-Ethylenedioxyhex-2-yne(44).
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Figure 56.
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H NMR Spectrum of 2,2-Ethylenedioxyhept-5-yn-7-0l1(45).
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Figure 57.
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13 NMR Spectrum of 2,2-Ethylenedioxyhept-5-yn-7-o0l(45).

Vo1



SOT

4@ 460 440 420 400 3 90 960 300 €80 .00 240 220 2.00 180 .60 1.40 1.20

Figure 58. H NMR Spectrum of 2,2-Ethylenedioxyhept-5-yn-7-ol methane sulfonate ester(46).



Figure 59.
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1 NMR Spectrum of 2,2-Ethylenedioxyhept-5-yn-7-ol methane sulfonate
ester(46).
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H NMR Spectrum of 2,2-Ethylenedioxy-7-iodohept-5-yne(47).
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Figure 61.
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13 NMR Spectrum of 2,2-Ethylenedioxy-7-iodohept-5-yne(47).
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H NMR Spectrum of 0-2,3,5,6-Tetrahydropyran-2-ylhydroxyl-amine(40).
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Figure 63. L NMR Spectrum of 0-2,3,5,6-Tetrahydropyran-2-ylhydroxyl-amine(40)



Figure 64.

H NMR Spectrum of (E) and ((Z)-0-(2,3,5,6-Tetrahydropyran-2-yl)-hexan-2-one
oxime(4l).
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Figure 65.
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1 NMR Spectrum of (E) and (Z)-0-(2,3,5,6-Tetrahydropyran-2-yl)-hexan-2-one

oxime(41).
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Figure 66.
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H NMR Spectrum of 0-(2,3,5,6-Tetrahydro-pyran-2-yl)-2,2-ethylene-dioxytridec-
5-yn-7-one oxime(48).
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Figure 67.

80
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13 NMR Spectrum of 0-(2,3,5,6-Tetrahydro-pyran-2-yl)-2,2-ethylene-
dioxytridec-5-yn-7-one oxime(48).
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Figure
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H NMR Spectrum of (*) 7-amino-2,2-ethylene-dioxytridec-5-yne(
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Figure 69.
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13 NMR Spectrum of (&) 7-amino-2,2-ethylene-dioxytridec-5-yne(39)
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Figure 70.

6
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H NMR Spectrum of () 2-Butyl-3,4-dihydro-5-(4,4-ethylene-dioxypentyl)-2H-
pyrrole(38).
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Figure 71.
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13 NMR Spectrum of () 2-Butyl-3,4-dihydro-5-(4,4-ethylene-dioxypentyl)-2H-
pyrrole(38).
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Figure 72.

H NMR Spectrum of () 2-Butyl-5-(4,4-ethylenedioxypentyl)-2B,3,4,5B-
tetrahydro-IH-pyrrole(37).
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Figure 73. 1 NMR Spectrum of () 2-Butyl-5-(4,4-thylenedioxypentyl)-233,3,4,55-
tetrahydro-IH-pyrrole(37).
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Figure 74.
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H NMR Spectrum of (x)-Monomorine(l)
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Figure 75
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X NMR Spectrum of (x)-Monomorine(l).
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H NMR Spectrum of Undec-2-yn-1-0l1(52).
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1 NMR Spectrum of Undec-2-yn-1-0l1(52).

40

v8T1






Figure 79.

1 NMR Spectrum of

1 . . | . * i ) 1 1 1

co 50
PPM

I-Bromoundec-2-yne( 53).
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Figure 81 1 NMR Spectrum of Methyl L-Phenylalaninate



Figure 82.

H NMR Spectrum of Methyl

N- (diphenylmethylene)-L-phenylalaninate(55).
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Figure 83.
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N-(diphenylmethylene)-L-phenylalaninate(55).
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Figure 84.

H NMR Spectrum of (2S,3S)-2-[N-({dipheny!methylene)amino]-I-phenylhex-5-yn-3-
ol (59).
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Figure 85.
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13 NMR Spectrum of (2S,3S)-2-[N-(dipheny!methylene)amino]-l1-phenylhex-5-yn-3-
ol(59).
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Figure 86. H NMR Spectrum of (2S,3R)-2-[N-({dipheny!methylene)amino]-1-phenylhex-5-yn-3-
01(60).



Figure 87.

1 NMR Spectrum of (2S,3R)-2-[N-({diphenylmethylene)amino]-I-phenylhex-5-yn-3-
ol (60).
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Figure 88.
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H NMR Spectrum of (4S,5S5)-5-(Phenylmethyl)-4-(prop-2°-yn-1"-yl)-2-
oxazolidinone(6l).
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Figure 89. 1 NMR Spectrum of (4s,5S5)-5-(Phenylmethyl)-4- (prop-2"-yn-1"-yl)-2-
oxazolidinone(61).



Figure 90.

m 2s

H NMR Spectrum of (2S,3S5)-3-benzyloxy-2-[N-(diphenylmethylene)amino]-I-
phenylhex-5-yne(63).
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Figure 91. 1 NMR Spectrum of (2S5,3S)-3-benzyloxy-2-[N-(diphenylmethylene)amino]-I-
phenylhex-5-yne(63).



Figure 92.

| I

H NMR Spectrum of (2S,3S)-3-benzyloxy-2-[N-({diphenylmethylene)amino]-I1-
phenyl-6-(Cthiomethyl)hex-5-yne(64).
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Figure 93. 1 NMR Spectrum of (2S,3S)-3-benzyloxy-2-[N-(diphenylmethylene)amino]-1-
phenyl-6-(thiomethyl)hex-5-yne(64).



Figure 94.

H NMR Spectrum of (2S,3S)-3-benzyloxy-2-[N-({diphenylmethylene)amino]-1-
phenyltetradec-5-yne(65).
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Figure 95. 1 NMR Spectrum of (2S,3S)-3-benzyloxy-2-[N-(diphenylmethylene)amino]-1-
phenyltetradec-5-yne(65).
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Figure 96.
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H NMR Spectrum of (2S,3S)-3-benzyloxy-1-phenyltetradec-5-yn-2-ylamine(51).
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Figure 97 - 1X NMR Spectrum of (2S,3S)-3-benzyloxy-I-phenyltetradec-5-yn-2-ylamine(51).
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H NMR Spectrum of (2S,3R)-3-benzyloxy-1-phenyltetradec-5-yn-2-ylamine(66).
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1 NMR Spectrum of (2S,3R)-3-benzyloxy-I-phenyltetradec-5-yn-2-ylamine(66)
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Figure 101.

.
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1 NMR Spectrum of (2S,3S)-3-benzyloxy-l-phenylhex-5-yn-2-ylamine(71).
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Figure 102.

H NMR Spectrum of 5-Nonyl-2-(phenyl-methyl)pyrrole(68).
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Figure 103.
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13 NMR Spectrum of 5-Nonyl-2-(phenyl-methyl)pyrrole(68).
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Figure 104. H NMR Spectrum of N-Carbomethoxy-5-nonyl-2-(phenylmethyl)pyrrole(70).
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Figure 105. 1X NMR Spectrum of N-Carbomethoxy-5-nonyl-2-(phenylmethyl)pyrrole(70).
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Figure 106.
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H NMR Spectrum of Octanoyl Nitrile(74)
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Figure 107
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Figure 108.

AV -

H NMR Spectrum of (4S,5S)-4-benzyoxy-2-[ 2"-cyano-1"-nonen-1"-yl]-5-(phenyl-
methyl )-2H-pyrrole(76).
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Figure 109. 1X NMR Spectrum of (4S,5S)-4-benzyoxy-2-[2—cyano-1-"-nonen-1"-yl]-5-
(phenyl-methyl)-2H-pyrrole(76).
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Figure HO.
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H NMR Spectrum of (2S,3S,5R)-4-benzyloxy-2-[2"-cyano-1,-nonen-1"-yl ]-1-methyl-
5-(phenylmethyl)-pyrrolidine(77)



Figure 111.
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13 NMR Spectrum of (2S,3S,5R)-4-benzyloxy-2-[ 2"-cyano-1"-nonen-1"-yl]-1-

methyl-5-(phenylmethyl)-pyrrolidine(77)
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Figure 112.

H NMR Spectrum of Diastereomeric Nitriles(78)
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Figure 113.
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13 NMR Spectrum of (2S,3S,5R)-I-methyl-5-nonyl-2-(phenylmethyl)-3-
pyrrolidinol (2)
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