









































































































































































































































































































































Scheme 82: Synthesis of Bis-Hydrazone Radical Precursors
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The aldehydes 270 and 271 were prepared as shown in Scheme 73, were treated
with one equivalent of N,N-diphenylhydrazine in methanol at room temperature to yield
bis-hydrazones 302 and 303 in good yields (86-90%). Deprotection of the resulting
compounds 302 and 303 was achieved with tetrabutylammonium fluoride in THF at 0 °C
to give free alcohols 304 and 305 in 78-95% isolated yields. Subsequent bromination of
the free alcohols with PPh3;.Br; in the presence of triethyl amine afforded the desired
radical precursors 306 and 307 in 50-62% isolated yields.

With the new radical precursors in hand, the tandem radical reactions were
performed under standard syringe pump conditions. The bromides 306 and 307 were
dissolved in dry benzene and treated with tributyltin hydride and azoisobutyronitrile. The
reaction mixture was refluxed for two hours and then allowed to cool to room

temperature. TLC analysis of the reaction mixtures revealed the consumption of the
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starting material and formation of three new products. The '"H NMR analysis of the crude
products indicated the formation of tandem products 310 and 311 along with
monocyclized products 308 and 309. Unfortunately, these products were very unstable
and could not be isolated. All the purification efforts using neutralized silica gel, neutral

alumina and preparative HPLC were unsuccessful.

Scheme 83: Tandem Radical Cyclizations of Bis-Hydrazone Precursors
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As mentioned at the beginning of this chapter our studies related to the synthesis
of 5,6-and 6,6-bicyclic ring systems are part of a larger set of experiments conducted in
our laboratory to explore the feasibility of tandem reactions of aminyl radicals for the
formation of various ring systems. Table 12 illustrates all the results obtained in this

study.

The following conclusion can be drawn from these results:

(a) Tandem Cyclizations involving aminyl radicals generated from N,N-
diphenylhydrazones are feasible only when the second ring formed is a five
membered ring.

() The presence of an activating group on the double bond is necessary to ensure

good yields of the tandem products.
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(b) Best results are obtained in the synthesis of 5,5-bicyclic systems.

(c) 6,5-bicyclic ring systems are formed in reasonable yields.

© 5,6-and 6,6-bicyclic ring systems cannot be obtained via this method.

Table 12: Bicyclic Ring Systems via Tandem Radical Cyclizations
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Entry | R n | n» Reaction Conditions Monocycl % Tandem % Cis/trans

1 H 2 1 Bu;SnH, Benzene, - 11 1:1
reflux

2 Ph | 2 1 BusSnH, Benzene, - 30 1:1
reflux

3 Ph 2 1 TTMSS, Benzene, - 28 1:1
reflux

4 Ph | 1 1 BusSnH, Benzene, 12 55 1:0
reflux

5 Ph | 1 2 Bu3SnH, Benzene, 50 - 3:1
reflux

6 Ph| 2 | 2 BusSnH, Benzene, 45 - 1:0
reflux
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Chapter Four

Alkyl Radical Cyclizations onto Chiral Hydrazones

4.1 General Introduction

The synthesis of chiral compounds in enantiomerically pure form has become a
virtual necessity. This is primarily due to the decreasing usefulness of the racemic
products in the pharmaceutical, agrochemical and food industries. A racemic compound
behaves as a mixture of two different products, of which only one has the desired
properties, while the other is potentially harmful and at least undesirable. Significant
efforts have been made in the past few decades to develop efficient synthetic pathways
leading to enantiomerically pure compounds.

There are four general approaches commonly used to obtain enantiomerically
pure compounds, each having its own advantages and disadvantages. The first approach

involves incorporation of resolution step in the synthetic plan'og.

This method is only
efficient if the undesired enantiomer can be recycled and for practical reasons resolution
has to occur early in the synthetic plan. The second approachI 1% involves the use of chiral
substrates, which are usually chiral natural products such as carbohydrates, aminoacids
and terpenes, etc. The third method is to use a chiral catalysts such as enzymes and bases

to direct the conversion. In the fourth method a chiral group (chiral auxiliary) is

11!

deliberately attached to an achiral substrate in order to direct the reaction’ . It can be

removed once it has served its purpose. Thus, a chiral auxiliary is an enantiomerically
pure material that can control the stereochemistry of one or more reaction steps in order
to give a product with the desired configuration.

The reactions involving chiral auxiliaries are often predictable and reliable and this
approach usually offers significant advantages, provided chiral auxiliaries fulfill the
necessary conditions. These are, the chiral auxiliaries should be inexpensive and readily

available and if used in stoichiometric amounts, should be recycled without loss of
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enantioselectivity. Chiral auxiliaries have been very successfully used in enolate

alkylation and aldol chemistry.

4.2 Chiral Auxiliary Induced Stereochemistry in Radical Reactions

Recent advances in radical chemistry have shown that in radical additions to
alkenes, the configuration of the resulting stereogenic centers can be controlled by chiral
auxiliaries attached to the radical acceptor (alkene). The requirements for control of
configuration in these reactions are based on the concepts developed in carbanion and
enamine chemistry“z. That means, that the orientation of the chiral group intended to
control the configuration of new stereogenic center formed must be fixed and the chiral

group must shield differentially the diastereotopic faces of the radical acceptor.

Scheme 84: Free Radical Macrocyclization of Alkene bearing Chiral Auxiliary
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Porter and coworkers'?® have reported the high diastereoselective free radical
macrocyclization of the olefin 312 bearing the dimethylpyrrolidine amide group as the
chiral auxiliary leading to four diastereomeric products in 65-75% yield (Scheme 84).
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Two diastereomeric products 313 and 314 result from endo-cyclization via addition of the
primary radical to the end of the alkene nearest to the amide. At 80 °C these two fifteen-
membered ring products were formed with a selectivity of approximately 14/1, 313 being
the major product. Two diastereomeric exo products 315 and 316 are formed as a 1/1
mixture. The ratio of regioisomers (endo/exo) is approximately 8:1 in this
macrocyclization.

Diastereoselectivity induced by a chiral auxiliary has also been observed in the
aryl radical cyclization onto imines*. As shown in Scheme 85, the 6-endo cyclization of
aryl radical to the carbon of the aldimino double bond in the imine 317, afforded 1,2,3,4-
tetrahydroisoquinolines 318 and 319 in 62-69% isolated yields, along with small amount
of 5-exo product 320. At 80 °C, compound 318 was obtained as the major product with a
diastereomeric excess of 53-58%, which could be improved moderately (to 65% d.e.) by
running this reaction at low temperature (60 °C). The enantiomeric excess of the major

product is found to be 97%.

Scheme 85: Radical Cyclizations onto Imine bearing Chiral Auxiliary
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4.3 Research Objectives

Encouraged by the successful cyclizations onto N,N-diphenyl- and other
hydrazones, we decided to study the radical cyclizations of aldehyde hydrazones bearing
chiral auxiliaries. Ideally the presence of the chiral auxiliary should influence the-
diastereoselectivity level of the radical reactions onto the chiral hydrazones. The
employment of the chiral hydrazones could lead to cyclic chiral amines 323 by
subsequent cleavage of the N-N bond of the chiral trisubstituted hydrazine 322 formed by
the radical cyclization process (Scheme 86). The reductive cleavage could be affected by
hydrogenolysis or by employing samarium diiodide conditions, which have been
successfully used in the reductive cleavage of the N-N bond of N,N-diphenyl

hydrazinesl 14,

Scheme 86: Chiral Amines via Radical Cyclization
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(S) and (R) -1-Aminomethoxymethyl pyrrolidines (SAMP and RAMP) have been
extensively used as chiral auxiliaries in o-alkylations of aldehydes and ketones, yielding

115

excellent enantioselectivities and good overall chemical yields °. In fact, in the course

of the development of modemn synthetic methods in the field of asymmetric synthesis the
SAMP-RAMP hydrazone methods opened a highly diastereo- and enantioselective route
to a great variety of carbonyl compounds, alcohols, amines and heterocycles. Therefore,
in our studies of radical cyclizations onto chiral hydrazones, commercially available
SAMP hydrazine 324, having the requisite chiral element, was chosen as a suitable

starting material to prepare chiral hydrazones 325 as the radical precursors.
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Scheme 87: Chiral Hydrazones containing Chiral Auxiliary Employed in
Diastereoselective Radical Cyclizations

E%OMe

N N
OCH; N
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325a, X = CSOMe »
324 325b, X = Br 3

Under Bu;SnH/AIBN radical conditions compound 325 afforded a mixture of cis
and trans cyclic hydrazines with the cis isomer being the major product. The
diastereomeric excess was found to be 30% for compound 325a. The bromo compound
325b was found to be unstable for higher temperature experiments, as extensive
decomposition was observed under Bu;SnH/AIBN conditions at 80°C. However, when
the cyclization reaction was carried out at lower temp (-78°C) using Sml/HMPA
conditions, the only product obtained was the cis isomer with diastereoisomeric excess of
56%"°.

These results obtained with hydrazones bearing SAMP as the chiral auxiliary
were encouraging. The diastereomeric excess was less than desired; yet these values are
comparable to current literature methods. In order to have a better chance of success, we

decided to replace the present chiral auxiliary with a modified one having structure 327.

P D‘/\Ph
[—Hh N Ph
N

Ph . - ) o)
Neop~ X
'{le OH {~~H N
3
328a, X = CSOMe
327 328b, X = Br
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4.4 Synthesis of Chiral Auxiliary

In the new chiral auxiliary, the steric bulk of the side chain has been increased and
the —OH group can be involved in hydrogen bonding with the hydrazone nitrogen. The
presence of hydrogen bonding should provide a geometric bias to system 328 and the
radical attack from one side should be preferred.

Scheme 88 reveals our initial attempts to prepare the desired chiral hydrazine 327 from
o, o-diphenyl-L-prolinol 329, via Enders and Kipphardts® protocol for N-amination'"’,
used in the latest synthesis of SAMP/RAMP hydrazines.

Scheme 88: Attempted Synthesis of N-Amino-o,a-Diphenyl-2-Pyrrolidine
Methanol via Ender’s Method
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o,o-Diphenyl-L-prolinol 329 was treated with potassium cyanate in aqueous
solution to give the urea derivative 330 in 60% yield. Compound 330 was treated with
potassium hypochlorite in the presence of potassium hydroxide. Under these conditions,
this compound should undergo Hoffman degradation leading to formation of hydrazine
327. However, the compound isolated after completion of the reaction was not the
desired hydrazine 327. IR and '>C NMR of the isolated compound showed the presence
of a —C(O)- group in the compound, and the product was confirmed to be the cyclic
compound 332. This must arise from the intramolecular attack of the hydroxyl group on
the carbon center of the isocyanate type compound 331, which is formed as an
intermediate in the expected rearrangement. Treatment of the cyclic compound 331 with
NaOH under reflux resulted in the starting compound 329, instead of the desired
hydrazine 327. The unsuccessful attempts to convert compound 332 to the desired
product lead to the search of an alternate route to the chiral auxiliary 327.

Electrophilic amination is an important synthetic reaction in which an electron
poor nitrogen carried by the reagent is transferred to a nucleophilic center of the substrate
to form a Nu-N bond in the product”s. Inspired by earlier work by Schmitz and
coworkers, Vidal et al. have shown that this process can be achieved by the means of N-
alkoxycarbonyl-3—aryloxaziridines such as 333 and N-t-butoxycarbonyl-3
trichloromethyloxaziridine 334 (Fig. 8). These reagents deliver their N-CO;R fragment
to nitrogen, carbon, sulphur and phosphorus nucleophiles to give under mild conditions

the respective amination product in N-protected form'".

Figure 8: Reagents for Electrophilic Amination Reaction
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Compound 334 has proved to be the most powerful electrophilic amination
reagent, therefore this reagent was selected for the electrophilic amination of the starting
o,o-diphenyl prolinol 329 (Scheme 89). This reagent can be prepared in high yield via
aza-Wittig reaction of PhsP=N-BOC 336 with chloral followed by oxone oxidation of the
resulting imine 337 (Scheme 89)!'°. Compound 336 can in turn be prepared from ¢-

butylcarbazate 335 following the literature procedureslzo.

Scheme 89: Preparation of N-Butoxycarbonyl-3-Trichloromethyloxaziridine
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Scheme 90 shows an alternative route for the synthesis of the desired chiral
hydrazine 327. The treatment of o,c-diphenyl prolinol 339 with oxaziridine 334 in
dichloromethane at —78 °C afforded the aminated product 338 in 87% isolated yield.
Initial attempts to deprotect 338 via refluxing in aqueous NaOH did not afford the desired
product 327'?'.  Alternately, compound 338 was treated with t-butyldimethylsilyl
trifuloromethanesulfonate in the presence of 2,6-lutidine in CH,Cl> to afford compound
339 in 80% yield'?2. The desired product 339 has the same RF value as the starting
compound 338. Therefore purification by column chromatography was not very clean.
However, compound 339 can be recrystalized from petroleum ether to give the pure

compound in good yield. The t-butydimethylsilyl group of compound 339 was removed
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by treatment with tetrabutylammonium fluoride in the THF at room temperature to afford
the desired product 327 in 78%-isolated yield. The compound 327 proved to be unstable.
Attempts to purify it by column chromatography failed, regardless of the packing
material used. A small amount of the pure compound could be isolated by
recrystalization from ether. Consequently compound 327 was prepared and used in the

next step immediately after the first recrystalization.

Scheme 90: Preparation of N-Amino-o,o-Diphenyl-2-Pyrrolidine Methanol via
Electrophilic Amination
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4.5 Substrate Synthesis for Radical Cyclizations

Having prepared the desired chiral hydrazine, the time came to use this compound
in the synthesis of the hydrazone 328 required for the cyclization studies. As mentioned
earlier, in our previous studies involving SAMP hydrazine as the chiral auxiliary, the

bromo hydrazone was found to be unstable for high temperature reactions. Therefore
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hydrazone 325a was prepared for the cyclization carried out under Bu;SnH/AIBN
conditions at 80°C.

Keeping these results in mind, we set out to synthesize chiral hydrazone 328a as
shown in Scheme 91. 8-Valerolactol 257, obtained by reduction of the commercially
available 8-valerolactone, was treated with one equivalent of the hydrazine 327 in
methanol at room temperature to provide the desired hydrazone 340 in 80% isclated
yield. As with the other hydrazones reported above, only the E geometric isomer was
isolated from the reaction. Oxidation of alcohol 340 proved to be the challenging step.
Under milder conditions involving SOs/pyridine/Et;N, starting material was recovered,
along with only 10% of the desired product. All efforts to improve the yield of the
desired product were unsuccessful. Stronger conditions involving the use of Dess Martin
reagent as oxidant resulted in decomposition of the starting material. At this stage we

decided to synthesize the hydrazone 328b with Br as the radical precursor.

Scheme 91: Attempted Synthesis of Hydrazone 328a
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Scheme 92 outlines the synthesis of chiral hydrazine 328b. Dithiane 342 was

subjected to deprotection by n-butyl lithium at -10°C. Displacement of the primary

106



bromide of 1,4-dibromopentane by the resulting anion provided compound 343 in 80%
yield'. Hydrolysis of dithiane-protected compound 343 to the corresponding aldehyde
was affected by treatment with ceric ammonium nitrate (CAN)124. The resulting
aldehyde 344 was not purified, but treated directly with the chiral hydrazine 327 to yield
the bromohydrazone 328b in 60% yield over these two steps.

As was found to be the case with other hydrazones, a key spectral feature of this
hydrazone is also represented by the vinylic hydrogen (R;N-N=CHCHR). This appears
as a clear triplet at 56.51 (J = 5.5H>) in the 'H NMR spectrum. It can be deduced from
the spectral data that a single geometric isomer resulted from the condensation of the
intermediate aldehyde with the hydrazine 327. Based on the literature precedent and our
previous experience showing that hydrazones are formed predominantly as the E

geometric isomer, compound 328b was assigned as the E hydrazone (with the pyrrolidine

substituent syn to the hydrogen).

Scheme 92: Synthesis of Chiral Hydrazone 328b
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4.6 Results and Discussion

With the desired hydrazone in hand, the next step was to carry out the free radical
cyclization. Hydrazone 328b, was treated with a 0.02 M tributyltin hydride and AIBN in
benzene and heated to reflux. TLC analysis of the reaction mixture indicated complete
consumption of the starting material with the formation of two new more polar
compounds.

There are three different stereogenic centers in the expected product, thus 2=8
possible stereoisomers could be formed as a result of the cyclization process. As one of
the stereogenic centers has a fixed configuration, in practice, only four different
stereoisomers could be produced. Two cis and two trans stereoisomers are expected as

shown in Scheme 93.

Scheme 93: Possible Stereoisomers from the Radical Cyclization of Hydrazone
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The 'H NMR spectrum of the crude reaction mixture revealed that both cis and
trans geometric isomers were formed in a ratio of 2:1, cis being the major one. The cis
and trans isomers could not be separated. Despite considerable effort the diastereomeric
ratio could not be determined.

The diastereomeric ratio is a function of temperature. Higher temperature leads
to lower cis/trans ratio (more trans formed). Previous studies in our laboratory have
shown that high cis/trans selectivity can be achieved for 5-exo alkyl radical cyclizations,
through the use of Sml in the presence of HMPA. Therefore we decided to conduct the
reaction at lower temperature and to minimize potential side reactions. The bromide
328b was found to be unreactive towards SmI,/HMPA at —78 °C to 0 °C in the presence
of 1-4.5 equivalents of Sml,. Repeating the reaction with 8 equivalents of Sml, and
slowly warming the reaction mixture to 0 °C resulted in complete consumption of the

starting material.

Scheme 94: Proposed Mechanism for the SmI, Mediated Hydrazone Cyclization
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It is not clear why more than 8 equivalents of Sml; were required to complete the
reaction, since only three equivalents should in theory be sufficient. A likely mechanism
for this reaction is given in Scheme 94. This process involves the initial association of
samarium with the free alcohol. The second equivalent of samarium iodide is consumed
in generating the alkyl radical 346. This subsequently cyclizes to generate the hydrazine
radical 347. A third transfer then occurs from samarium to the nitrogen radical
generating an N-Sml, species 348 and consuming the third equivalent of samarium
iodide. The N-Sml, and O-Sml, bonds are hydrolyzed on work-up conditions to give the
observed hydrazine 345.

TLC analysis of the reaction mixture indicated the formation of three new more
polar compounds. 'H NMR analysis of the crude product indicated that a 4:1 mixture of
the cis and trans isomers was formed. However, this reaction was not very clean and
other decomposition products were also formed. Flash chromatography was used to
separate the cis and trans isomers. The cis and frans isomers were separated, yet both of
the isomers were contaminated with some unidentified compounds. Further attempts at
purification of these compounds were unsuccessful.

In view of these complications this research was terminated at this stage and, for

the future, a different strategy will be required if significant induction is to be achieved.
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Chapter Five

Synthesis of Taxol/Taxotere Mimics

5.1 General Introduction

The anticancer taxanes, Taxol® (Paclitaxel) and Taxotere® (Docetaxel) are the
most promising new chemotherapeutic agents developed for cancer treatment in the past
decade'®. Taxol is a natural product isolated from the bark of the yew tree and taxotere
is the semisynthetic non-natural compound. These compounds have attracted the
attention of scientists throughout the world due to their unusual bridgehead double bond
structure, potent antitumor'?® (active against poorly responsive solid tumors) and

antileukemic activities and the novel mode of action.

Taxole R;=Ac, R;=Ph

Taxotere R;=H, R, =¢-Bu-O

Current antitumor drugs such as Vincristine and Vinblastine interact with tubulin
by preventing the assembly of tubulin into microtubules. In contrast, taxol and taxotere
act as promoters of tubulin assembly as well as inhibitosr of the disassembly processm.

They reduce the critical concentration of tubulin for assembly in vitro, and enhance and
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stabilize microtubules against depolymerizarion. They bind to these rod like structures
that form the cytoskeleton and thus inhibit cell division. In vivo in interphase celis these
drugs promote the assembly of stable microtubules, which then associate lateraily to form
bundles. Such cells may progress through the cell cycle, but when they enter mitosis,
multiple asters are formed instead of normal mitotic spindles and the cells are arrested in
the M phase. This novel mode of action led to the selection of taxol as a new lead

structure for further pharmacological studies.

A principal initial obstacle to the wider therapeutic use of taxol was the limited
supply. Taxol was isolated only in low yields (40-165 mg/Kg bark) from very slowly
growing Pacific yew trees that are sparsely distributed in the Northern Hemisphere'*%.
Therefore alternative approaches for obtaining taxol have been explored. These include
isolation of taxol from renewable foliage'®® and other tissues of taxol species, production

in tissue culture of taxus plant cells'®

, production by culture of taxol producing
endophytic fungus and semisynthesis of the drug or its analogues such as taxotere from
baccatin III or related taxecid metabolites that are readily available from renewable
sources'”. In fact taxotere was found to be more active than taxol. Although four groups
in the United States and two in Japan have achieved the total synthesis of taxol, these
routes are not yet commercially viable owing to the multiple synthetic processes

involved.

Recent reports on clinical trials of taxol and taxotere have disclosed that these
highly effective drugs have some undesired side effects as well as multidrug resistance.
This simply emphasizes the need for new therapeutics with a better risk/reward profile.
In a broader sense, better understanding of the structure activity relationship (SARs) of
taxol and its derivatives will be pivotal in the design and synthesis of a new generation of
taxol based antitumor agents with improved physical, chemical and biological activities.
An improved understanding in this field can lead to the rational design and synthesis of

simple “taxoid mimics’ with less functionality and better therapeutic profile.
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Figure 9: Structure-Activity Relationships of Taxol
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Intense studies on the taxoid framework and its diterpenoid moilety have been

13! A broad summary of

performed in attempts to identify the paclitaxel pharmacophore
these SAR studies is shown in the figure 9, and can be stated as follows: 1) SIDE
CHAIN: the presence of the C-13 side chain is an absolute requirement for activity and
the length, hydroxyl substituent at C-2 ~ and the phenyl group at C-3 “ are all needed for
the activity. Variation of substituents on the nitrogen at C-3” is tolerated including
aromatic or aliphatic groups as amides or carbamates. The natural taxol stereochemistry
of 2°R, 3°S is markedly more active than the other possibilities. Minor changes in the
side chain can have profound effects on activity; therefore the side chain is a key
recognition element; 2) POSITIONS 7, 8, 9 and 10: variations in these positions across
the top of the molecule can be made without destroying activity and even fairly large
substituents are tolerated. Moderate enhancements of activity have been achieved by

modifications at these positions, and the 7- and 10- positions are used as handles to attach

polar groups in attempts to enhance solubility. These positions do not appear to be
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critical for receptor binding; 3) POSITIONS 2, and 4: removal of either the 2-benzoate or
the 4-acetate causes dramatic loss of activity and these positions appear necessary for
interaction with the binding site; the presence of the 4,5-oxetane is necessary for activity
but it is not clear whether it is involved in binding or serves as a “conformational lock™
on the preferred binding conformation. Most of the compounds prepared for analysis of
structure activity relationships were deliberately modified at a single position to obtain
baseline data and the next step will be to combine multiple favorable changes to create

more advanced analogues.

5.2 New Taxol Mimic

Recently Tanaka and Nozaki'*> have found that a small synthetic compound
designated as GS-164 (349) (Fig.10) interferes with the assembly of porcine microtubule
proteins and has cytotoxicity against a wide range of human tumor cell lines. The in vitro
microtubule polymerization of the drug was found to be one tenth that of taxol. In this
study, microtubule polymerization assay and flow cytometric measurement techniques
were used to investigate the mode of action of GS-164 in comparison with taxol. The
results from these studies indicated that GS-164 stimulates microtubule assembly by a

similar mechanism to that of taxol.

Figure 10: Taxol Mimic GS-164
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To understand the structural elements of GS-164 responsible for its tubulin
. polymerizing activity, the stable conformations of GS-164 and taxol (generated by
molecular mechanics calculations) were analyzed. It was suggested that one of the two
phenyl groups of GS-164 was homologous to the phenyl group in the benzoyloxy side
chain at position 2 of taxol and other phenyl group of GS-164 was homologous to the
side chain phenyl ring at position 3’ of taxol. Furthermore the -OH group and one ring
oxygen of GS-164 may correspond to the ~OH group at position 1 and the ester oxygen at
position 2 of taxol respectively (Fig 11).

Figure 11: Comparative Conformational Analysis of GS-164 and Taxol

The comparative conformational analysis suggested that GS-164 mimics the
minimum essential structural elements of taxol responsible for its tubulin polymerization
stimulatory activity and further substantiates the importance of the two phenyl groups at
position 2 and position 3’ of taxol. However, the cytotoxicity of GS-164 against human

tumor cells was 1000-fold lower than that of taxol, whereas when assayed in vitro,
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microtubule polymerization stimulatory activity of the drug was one tenth that of taxol.
This discrepancy between in vitro and in vivo activities of GS-164 and taxol might be a
consequence of insufficient uptake of GS-164 through the cellular membrane of the
animal cells. This suggests that by introducing hydrophobic side chains into GS-164, its

in vive activity could be improved up to in vitro level.

5.3 Research Objectives

Encouraged by the interesting results from the above studies, we decided to
evaluate other simplified compounds as taxol/taxotere mimics. Two series of compounds
350 and 351 having minimum essential sites of taxol/taxotere were chosen as synthetic
targets for biological evaluation as taxol analogues. As seen in the figures 12 and 13,
these compounds have simplified structures as compared to taxol, but they retain critical

shapes and groups required for its interesting activity.

Figure 12: Bicyclo[3.3.0]octane Compounds as Taxol Mimics

350b, X=F
350c, X = CF;

Compounds 350a, b and ¢ have structural similarity with GS-164 with some
modifications. These compounds have a bent conformation with two cis fused five-
membered rings as in GS-164, whereas, the CH,O0H group, the center nitrogen atom and
the ring oxygen atoms are absent. The comparative conformational studies of GS-164 and

taxol have indicated that one of the ring oxygens of the GS-164 is homologous to the
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ester oxygen of the C-2 benzoate group of the taxol. In our target compound, we have
replaced one ring oxygen and one phenyl group with the C-2 benzoate group of the
taxane structure. Results from recent SAR study on taxol have indicated that the C-1
hydroxyl group is not required for its biological activity'*>. Furthermore in the above-
discussed studies of GS-164, the ring nitrogen, and the other ring oxygen were found not
to be so critical. Therefore these groups have been removed from the target compounds
350a,b and c.

The presence of the —OH group at position 2’ of taxol has been shown to increase

the affinity of taxol for tubulin'**

. The cytotoxicity of GS-164 in vivo experiments has
been found to be 100 times less than in the in vitro studies. This decrease in cytotoxicity
has been explained as a consequence of decreased uptake of GS-164 through the cellular
membrane of the animal cells, thereby emphasizing the importance of C-2° —OH group
and entire hydrophobic chain. Therefore, in order to have cytotoxicity comparable to
taxol and more than GS-164 the entire hydrophobic side chain has been installed in the
compound 350. In SAR studies of taxol the substitution of the phenyl group of the C-2
benzoate group has been found to affect the cytotoxicity135 . Furthermore, considering the
presence of p-fluoro substituted phenyl rings in GS-164, we decided to synthesize
compounds 350b and 350c as well. A comparison among these compounds will establish

if the presence of an electron-withdrawing group at the para position is really important

for the biological activity of these simplified compounds.

Figure 13: Bicyclo[2.2.1]heptane Compounds as Taxol Mimics

o)
RHN/,’ / (o)
%
351a, X=H
351b, X=F )
351c, X=CF;
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Compounds 351a, b and ¢ (Fig 13) are markedly simplified analogues of
taxol/taxotere. These compounds have a bent conformation same as in the A and B rings
of the Southern Hemisphere of the taxane skeleton, with essential requirements for taxol
type activity. These features include the presence of C-13 side chain and C-2 benzoyloxy
group and these two hydrophobic groups are two carbon atoms away, having 1,4
relationship same as in taxol/taxotere.

Gueard et al.'>° have postulated that during the binding of taxol to tubulin, the
benzoate group at position 2 could locate in the core region of the protein and the phenyl
group at 3’ and the —OH at position 2’ could stabilize the drug protein complex through
direct interaction. Mastropoalo and coworkers'*® have reported crystal structure data on
taxol indicating that the benzoate group at position 2 and the phenyl at C-3’ are close to
each other and possibly influence each other’s orientation in a polar environment.
Compounds 351b and ¢ were also synthesized to evaluate the presence of electron

withdrawing group at the para position of the phenyl ring of benzoate group.

5.4 Synthesis of Taxol Mimics

Scheme 95 outlines the synthetic process leading to the target compounds 350a, b
and ¢. The synthesis of the compounds 350a, b and ¢ commenced with the reduction of
commercially available cis-bicyclo[3.3.0]octane-3,7-dione 352 with  sodium
borohydride'’ in methanol at 0 °C to give selective formation of the desired diol 353 in
90% isolated yield. The presence of only five signals in the BC NMR spectrum
established the plane of symmetry in the diol. The structure was confirmed as the endo-
endo isomer by noe experiments. The irradiation of the bridgehead proton H-1 resulted
in 1.2% enhancement in the signal for H-3. Had this compound been the exo-exo isomer,
then there should be no enhancement in the signal. Molecular modeling calculations
have shown that H-1, H-3 interproton distance for the endo-endo isomer is 2.9A while
this distance is 4A for the exo-exo isomer. Nuclear overhauser effects can be observed
for interproton distance up-to 3.5A. Therefore the presence of a 1.2% noe enhancement

confirmed the compound 353 to be the 3-endo-7-endo diol.
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Scheme 95: Synthesis of Bicyclo Compounds 350a, b and ¢

1.n-BuLi, THF X
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S O
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356¢, X = CF;
PTSA, MeOH,
21°C, 78-87%
X
b I
o}

350c, X = CF;

Treatment of diol 353 with one equivalent of benzoyl chloride in the presence of
n-BuLi in THF at —78 °C afforded 80% of the monobenzoate 354a'*®. Compound 354a

(2R, 4S ,5R)-2-(4-methoxyphenyl)-4—phenyl-3-(t—butoxycarbonyl)-

was coupled with
139 in the

oxazolidine-5-carboxylic acid 355 (protected form of taxotere side chain)
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presence of 1, 3-dicyclo carbodimide and 4-dimethylaminopyridine at 21 °C to yield 99%
of the esterification compound 356b. Acid mediated oxazoline cleavage of the ester was
conducted with p-toluenesulfonic acid (PT SA) 8 in methanol without removal of the Boc
group to give the desired compound 350a in 87% of isolated yield. Compounds 350b
and 350c were also obtained in good overall yields from 3-endo,S5-endo diol 353, via
treatment with one equivalent of p-fluorobenzoyl chloride and p-(trifluoromethyl)
benzoyl chloride respectively, followed by coupling and deprotection reactions as for
compound 350a.

Synthesis of compounds 351a, 351b and 351c commenced with formylation-
oxidation of the commercially available norbornadiene 357 via a known procedure, but
with some modifications'*° (Scheme 96). A solution of diene 357 and 96% formic acid
was gradually warmed to reflux for 24 h and subsequent distillation of the crude product
afforded the diformylated compound 358 in 50% isolated yield. The resulting compound
358 was oxidized with Jones reagent (CrOs/H>SOJ/acetone) at room temperature for 17 h
to afford 24% of the desired bicyclo[2.2.1]heptane-2,5-dione 359. Reduction of
compound 359 with sodium borohydride gave a 3:1 mixture of the 2-endo, 5-endo and 2-
exo, 5-exo diols, confirmed by 'H NMR analysis. However, the use of lithium tri-sec-
butylborohydride (L-selectride)'*!
the 2-endo, 5-endo diol 360 as the sole product. No other isomers were detected by 'H

as reducing agent resulted in the selective formation of

and '3C NMR analysis. The presence of only four resonances in the 13C NMR spectrum
established the C> symmetry of the diol. A comparison of the 'H NMR spectrum of the
compound 360 with the spectrum of the known 2-exo,5-exo diol confirmed that
compound 360 was the endo-endo diol.

Treatment of the diol 360 with one equivalent of benzoyl chloride in the presence
of n-butyllithium in tetrahydrofuran at —78 °C afforded the monobenzoylated compound
361a in 75% isolated yield. After monobenzoylation, the C; symmetry of the diol is lost
and compound 361a was expected to be a mixture of positional isomers. However, the
'H and '*C NMR analysis indicated the presence of only one compound. The isomeric
mixture of compounds 36la was coupled with (2R.4S5,5R)-2-(4-methoxyphenyl)-4-

phenyl-3-(z-butoxycarbonyl)oxazolidine-5-
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Scheme 96: Synthesis of Bicyclo Compounds 351a, b and ¢
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carboxylic acid 355 in the presence of 1,3-dicyclohexylcarbodimide and 4-
dimethylaminopyridine at 21 °C to yield 99% of the esterification compound 362a. The
doubling of important signals in 'H and 13C NMR spectra confirmed the presence of a
diastereomeric mixture. However the separation of the mixture was unsuccessful at this
stage.

Therefore the isomeric mixture of esters 362a was treated with p-toluenesulfonic
acid (PTSA) in methanol to achieve the oxazolidine cleavage without removal of the #-
butoxycarbonyl group to give the desired compound 351a in 87% of isolated yield. The
isomeric mixture was separated via reverse phase HPLC. The absolute configurations of
the separated products have not been assigned. The compounds 351b and 351c were also
obtained in good overall yields from 2-endo,5-endo diol 360, via treatment with one
equivalent of p-fluorobenzoyl chloride and p-(trifluoromethyl)benzoyl chloride
respectively, followed by the coupling and deprotection reactions same as compound

351a.

5.5 Biological Evaluations

All the above-synthesized compounds (350a, b, ¢ and the separated isomers of
351a, b, and c¢) were evaluated for their ability to promote assembly of tubulin into
microtubules. Unfortunately these compounds failed to polymerize tubulin under
standard conditions. The absence of biological activity in these compounds indicates that
the presence of the diterpenoid moiety and some additional functionality of the taxanes is
an absolute necessity for taxol-like tubule polymerization activity. Furthermore, an
improved knowledge of SAR of taxol and analogues is required to design simplified
compounds with taxol-like activity. Our compounds contain the minimum essential sites
of taxol equivalent to the above-discussed GS-164 and these compounds were expected
to show at least GS-164 like activity. However, the biological activity of GS-164 may
result in part from the central nitrogen. This atom may be important in small taxol like
mimics. No biological activity in our compounds may also indicate that the compound
GS-164 has a different mode of action as compared to taxol and may bind at a different

site.
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Chapter Six: Experimental

General Considerations

Melting points were determined in capillary tubes with a Thomas-H-oover Unit-

melt apparatus and are uncorrected. Infrared (IR) spectra were recorded on a2 Bomem

Michelson 100 FTIR spectrometer. Proton magnetic resonance spectra (lH INMR) were
measured at 200 MHz with a Varian Gemini spectrometer, at 300 MHz with a Varian

X1-300 spectrometer or at 500 MHz with a Bruker AMX500 in deuterochloroform

. . 13
unless otherwise stated. Carbon magnetic resonance spectra ( C NMR) were measured

at 50 MHz (Varian Gemini), at 75 MHz (Varian X1.-300) or at 125 MHz (Bxuker). The
residual CHCI3 signal was used as an internal reference, CDCl, lH; 6 7.24 ppm; 13C: o

77.0 ppm. Chemical shifts are reported in ppm downfield from trimethylsilame (8 scale).
The multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broad), coupling constants (J = Hz) and number of protons are indicated in parentheses.
Mass spectré (MS) were determined on a V. G. micromass 7070 HS instrument using an
ionization energy of 70 eV. Elemental analyses were conducted by M-H-W L.aboratories,
Phoenix, Az, USA. The purity of all title compounds was judged to bwe >95% as
determined by a combination of GC-MS, lH NMR and 13C NMR analyses.

Unless otherwise stated, all nonaqueous reactions were performecd under an
atmosphere of nitrogen in flame-dried glassware equipped with stir bar arid a rubber
septum. Standard inert atmosphere techniques were used in handling all air amd moisture
sensitive reagents. Reactions were monitored by analytical thin layer chroonatography
(TLC) using commercial aluminum sheets precoated (0.2 mm layer thickness) with silica
gel 60 F254 (E. Merck). Visualization of the TLC spots was accomp:lished with
ultraviolet light, iodine vapor, treatment with 2.5% ethanolic solution of p-amisaldehyde
coﬁtaining 3% aqueous H>SO, (w/v) or by treatment with ammonium molibdate in 10%
aqueous H,SO4 (W/v) and subsequent heating. Product purification by conventional and

flash column chromatography was performed using E. Merck Silica Gel 60 (70-230 or
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230-400 mesh). Solutions in organic solvents were dried over anhydrous magnesium
sulfate and stripped of solvents with a Biichi rotatory evaporator connected to water
aspirator, Trace solvents were removed on a vacuum pump. All compounds were stored
at -15 °C in vials flushed with nitrogen.

Petroleum ether refers to a mixture of hydrocarbons with a boiling range of 30-60
°C. Anhydrous diethyl ether (ether) and anhydrous tetrahydrofuran (THF) were distilled

from benzophenone/sodium. Dry benzene, toluene, dichloromethane (CH,Cl,),

triethylamine, ethanol and diisopropylamine were distilled from calcium hydride.
Anhydrous hexamethylphosphoramide (HMPA) was obtained by distillation under a
reduced pressure from calcium hydride and stored under 4 A molecular sieves. All
commercial starting materials were purchased from Aldrich Chemical Company unless

otherwise stated.
General Procedure for Radical Cyclizations under Bu;SnH/AIBN Conditions

The hydrazone or oxime (1 eq) was dissolved in dry benzene (0.007 M soln),
nitrogen was bubbled through the solution for 30 min., and the solution was heated to a
steady reflux. Tributyltin hydride (1.2 eq), and AIBN (0.34 eq) were dissolved in dry
benzene (0.02 M soln) and the solution was purged with nitrogen for 20 min. The latter
solution was then added to the refluxing hydrazone or oxime solution at a rate of 5.0
ml/hr using a syringe pump. After addition of the tin hydride was complete, the reaction
mixture was refluxed for another 30 min. before cooling to room temperature. The
resulting solution was concentrated and purified by flash chromatography on deactivated

silica gel (pet ether, to remove Bu,;SnH and Bu,SnBr; followed by 50% CH,Cl,/pet

ether). All the fractions not containing tin compounds were collected along with
approximately 100 mL of additional eluent. 'H NMR analysis of the ‘semi-crude’
mixture indicated the ratio of different cyclized products formed. Authentic samples and

closely related models of the possible products were prepared separately for comparison.
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General Procedure for the Bromination of Alcohols:

Triethylamine (1.2 equiv) was added to a solution of triphenylphosphine (1.2
equiv) in dry dichloromethane (generally enough to prepare a 01-0.1M solution) at 0 °C.
A solution of bromine (1.2 equiv) in dichloromethane (3M) was added dropwise until the
reaction mixture turned faint yellow and the mixture was stirred at this temperature for 15
min followed by addition of the alcohol (1 equiv) as a solution in dichloromethane. The
reaction mixture was stirred at 0 °C for 30 min and at 21 °C for 30 min. The reaction was
quenched with saturated aqueous NaHCO, solution. The aqueous layer was extracted
with ether and the combined organic extracts were washed with brine, dried and

concentrated. The resulting oils were purified by flash column chromatography.
4-Bromo-1-butanal (193)

BrCH,CH,CH,CHO

DIBALH (170 mL of 1M soln., 170 mmol) was added, in portions, to a solution
of 4-bromobutyronitrile (20 g, 1.25 mmol) in dry ether at 0 °C. The reaction was stirred
at 0 °C for 2h and then at 23 °C for lh. The reaction was quenched by adding the
reaction mixture to 10% H,SO, (100 mL) solution in water at 0° C and extracted with
ethyl acetate (3 x 250 mL). The combined organic extracts were washed with saturated

aqueous NH4CI solution, dried over anhydrous MgSO4 and concentrated under water
aspirator with temperature < than 30 °C; IR (neat) 3008, 1718, 1250, 1129, 922, 778 cm
l; 'H NMR (200 MHz, CDCl,) 8 9.70 (t, J = 0.94 Hz, 1H), 3.36 (t, J = 6.4 Hz, 2H), 2.57
(t, J=17.0 Hz, 2H), 2.14-2.0 (m, 2H) ppm; 13C NMR (50 MHz, CDCl,) 200.7, 41.8, 32.6,

24.71ppm; FAB accurate mass calcd. for C;H,OBr (M++ 1): 150.9758, found; 150.9975.
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2-(3-Bromopropyl) -5, 5-dimethyl-3,3-dioxane (190)

0
BrCH,CH,CH,CH_ :><
(@]

2,2-Dimethylpropanediol (1.37 g, 6.6 mmol) was added to a solution of 4-
bromobutanal 193 (1.0 g, 3.3 mmol) in benzene (6.6 mL), followed by addition of oxalic
acid (80 mg, 0.670 mmol) as a catalyst. The reaction mixture was refluxed overnight
under azeotropic distillation conditions. After completion the reaction was quenched
with saturated NaHCO; solution (3.0 mL), and extracted with ether (3 x 100 mL). The
combined organic extracts were washed with aqueous NaCl solution (3 x 50 mL), dried,
over anhydrous MgSOy and concentrated in vacuo. The resultant oil was purified by

flash chromatography (30% pet ether/ CH,Cl,) to afford 1.25 g (80%) of the title
compound as a clear colorless oil; IR (neat) 2951, 2848, 1462, 1395, 1154, 1168, 1128,
1028 cm’'; 'HNMR (200 MHz, CDCl,) $4.39 (t, J = 4.7, Hz, 1H), 4.54-3.30 (m, 6H),
1.97-1.90 (m, 2H), 1.74-1.70 (m, 2H), 1.10 (s, 3H), 0.64 (s, 3H) ppm; 'C NMR (50
MHz, CDCLy) 100.9, 77.0, 33.6, 29.9, 27.1, 22.8, 21.7 ppm; HRMS calculated for
C,H,,BrO, (M"): 236.0412. Found: 236.0353.

5-Valerolactol (195)

OH
(5’
8-Valerolactone (6.0 mL, 6.5 g, 64.6 mmol) was added to a flame dried flask (500
mL) containing freshly distilled toluene (100mL) under argon. The solution was cooled
to -78 °C and DIBALH in toluene (44.5 mL, 1.5 M solution, 66.7 mmol, Aldrich) was

added and the reaction mixture allowed to stir at this temperature for 4 h. The reaction

was quenched at —78 °C with methanol until gas evolution ceased. The solution was
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warmed to room temperature (21 °C) and saturated aqueous sodium potassium tartrate
solution (100 mL) was added. This mixture was poured into a separatory funnel
containing water and ethyl acetate. The aqueous layer was extracted 3 times with ethyl
acetate, dried over anhydrous sodium sulfate and concentrated. The resulting oil was
further purified by passage through a sintered glass funnel filled with silica gel and eluted
with 50% ethyl acetate/petroleum ether under aspirator vacuum to afford 4.9 g (75%) of
195 as a faint yellow oil; IR (neat) 3375, 2912, 1449 cm ; "H NMR (200 MHz, CDCl,) §

4.80-4.90 (m, 1H), 4.70-4.50 (br s, 1H), 3.95-3.88 (m, 1H), 3.52-3.38 (m, 1H), 1.85-1.62
(m, 2H), 1.56.132 (m, 4H) ppm; *C NMR (50 MHz, CDCL,) § 94.2, 63.6, 31.7, 25.0,

20.1 ppm.

5-Hydroxpentanal-N,N-diphenylhydrazone (196)

PhoN_
N

J\/\/\
H OH

Lactol 195 (2.59 g, 25.4 mmol) in methanol (30 mL) was added to a flame dried
round bottom flask (100 mL). To this solution was added dropwise a solution of
PhoNNH, (4.65 g in 15 mL of methanol). The reaction mixture was allowed to stir at
room temperature overnight. Concentration gave a purple oil, which was purified by
flash chromatography. The silica gel was deactivated by washing first with a 1% solution
of Et;N added to the eluting solution 30% ethyl acetate/petroleum ether. After packing
the column, fresh eluting solvent was used that did not contain EsN. (N.B. all
hydrazones and hydrazines were purified on silica gel deactivated in this manner.)

Concentration of the appropriate fractions yielded 5.28 g (78%) of the title alcohol as a

faint yellow oil; IR (neat) 3380, 3044, 2917, 1592, 1492, 1303, 1090, 1066 cm ' 'H
NMR (200 MHz, CDC,) § 7.46-7.30 (m, 4H), 7.21-6.99 (m, 6H), 6.52 (t, J = 6.7 Hz,
1H), 3.72-3.58 (m, 2H), 2.42-2.35 (m, 2H), 1.70-1.52 (m, 4H), 1.40 (br s, 1H) ppm; ">C
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NMR (50 MHz, CDCl,) & 144.2, 139.6, 129.6, 123.8, 122.2, 62.3 32.2, 32.0, 23.0 ppm;
HRMS calcd. For C;7H20N-O (M"): 268.1571. Found: 268.1569.

Pentanedial-5-(N,N-diphenylhydrazone) (191)

PhoN_
N

HJ\/\)\H

A round bottom flask (100 mL) flame dried under argon was charged with alcohol
196 (3.09 g, 11.5 mmol) along with DMSO (20 mL) and Et:N (12.9 mL, 92.8 mmol). A
SO.pyridine/DMSO suspension (5.4 g of SOs.pyridine, 34.5 mmol in 5 mL DMSO) was
added dropwise to this mixture with stirring. After 30 minute at room temperature, TLC
analysis indicated the consumption of the alcohol. The resulting mixture was poured into
a separatory funnel containing water and ethyl acetate. The aqueous layer was extracted
with ethyl acetate (3 x 100 mL), and the combined organic layers were washed with
brine, dried and concentrated in vacuo. The resulting oil was purified by flash
chromatography on deactivated silica gel eluting with 10% ethyl acetate/petroleum ether.
Concentration of the appropriate fractions yielded 2.17 g (71%) of the title compound as
faint yellow oil; IR (neat, cm’') 3045, 2896, 1723, 1595, 1491, 1303, 1209, 1069 cm s 'H
NMR (200 MHz, CDCl,) 8 9.77 (t, J = 1.5 Hz, 1H), 7.40-7.32 (m, 4H), 7.16-7.04 (m,
6H), 6.49 (t, J=5.1 Hz, 1H), 2.51 (dt, J; =7.3,J, = 1.5 Hz, 2H), 2.36-2.27 (m, 2H), 1.86
(m, 2H) ppm; 13C NMR (50 MHz, CDCl,) § 202.2, 144.0, 137.9, 129.6, 123.9, 122.2,

43.1,31.8, 19.2 ppm; HRMS calcd. for C;7H;sN>O (M"): 266.1415. Found: 266.1408.
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5-Hydroxynonanedial-[{1-(5,5-dimethy}-1,3-dioxanyl)]-9-N,N-diphenylhydrazone
197

The aldehyde 191 (2 g, 7.8 mmol) was dissolved in dry THF (5 mL) in a two
necked flame dried flask and the resulting solution was cooled to 0 °C. The Grignard
reagent (prepared from bromo compound 190 (3 g, 12.6 mmol), by refluxing with a
suspension of Mg (450 mg) in THF (5 mL), was added slowly at 0° C and the reaction
was monitored by TLC until the starting material was consumed. The reaction was
quenched by saturated aqueous NH,Cl (30 mL) solution. The resulting mixture was
poured into a separatory funnel containing water and ethyl acetate (300 mL). The
aqueous layer was extracted with ethyl acetate (3 x 250 mL). The combined organic
extracts were washed with saturated aqueous NaCl solution (30 mL), dried over
anhydrous MgSOs, filtered and concentrated in vacuo. The resultant oil was purified by
flash chromatography (1:4, ether/pet ether) to obtain 1.9 g (60%) of the title compound;

IR (neat) 3428, 2936, 2855, 2243, 1592, 1479, 1387, 1210, 1110, 913 cm-l; 'H NMR
(500 MHz, CDCl;) 6 7.34—7.31 (m, 4H), 7.09-7.05 (m, 6H), 6.52 (t, /= 5.7 Hz, 1H), 4.38
(t, J= 7.2 Hz, 1H), 3.57-3.55 (m, 3H), 3.39-3.36 (m, 2H), 2.26 (q, J = 7.0 Hz, 2H), 2.22-
2.17 (Br S, OH), 1.64-1.39 (m, 10 H), 1.16 (s, 3H), 0.68 (s, 3H) ppm; 13C (125 MHz,
CDCl,) & 144.3, 139.8, 126.6, 123.3, 122.3, 102.0, 77.1, 71.1, 37.1, 36.7, 34.6, 32.5,
30.0,23.1, 23.0, 21.8, 19.9 ppm; HRMS calcd. for C,sH;N,0, (M+): 424.2727. Found:
424.27463.
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5-Bromononanedial-[1-(5,5-dimethyl-1,3-dioxanyl)]-9-V,N-diphenylhydrazone (198)

Triethylamine (78 pL, 0.56 mmol) was added to a cold solution (0 °C) of
triphenylphosphine (0.148 g, 0.56 mmol) in dry CH,Cl, (6.5 mL), Bromine (28 pL, 0.56
mmol) was added dropwise until the reaction mixture turned a faint yellow in colour.
The mixture was stirred at this temperature for 10 min., then alcohol 197 (0.2 g, 0.47
mmol) was added dropwise as a solution in dry CHCl; (1.0 mL). The reaction mixture
was stirred at 0 °C for 30 min. and then at 22 °C for 30 min. The reaction was quenched
with saturated aqueous NaHCO, (5 mL) solution. The aqueous layer was extracted with
ether (3 x 15 mL) and the combined organic extracts were washed with brine, dried and
concentrated. The resultant oil was purified by flash chromatography (4:1, hexane/ether)
to afford 240 mg (75%) of the title compound as a clear colorless oil; IR (neat) 3060,
2945, 2853, 1582, 1493, 1455, 1302, 1210, 1129, 915 cm-l; '"H NMR (500 MHz, CDCl,)
7.37-7.31 (m, 4H), 7.12-7.06 (m, 6H), 6.50 (t, J=5.2 Hz, 1H), 4.39 (t, /= 4.7 Hz, 1H),
4.04-4.01 (m, 1H), 3.57 (d, J = 11.1 Hz, 2H), 3.39 (d, /= 11.8 Hz, 2H), 2.31-2.26 (m,
2H), 1.86-1.51 (m, 10H), 1.17 (s, 3H), 0.70 (s, 3H) PPm; °C (125 MHz, CDCL;) § 144.2,
138.8, 129.6, 123.8, 122.3, 101.8, 77.1, 76.7, 57.7, 38.9, 38.3, 31.9, 30.0, 24.8, 22.9, 22.1,
21.8 ppm; HRMS Calcd. for Co¢H3sN2O2Br (M"): 486.1883. Found: 486.1886.
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4-Bromo-1-butanol (200)

BrCH,CH,CH,CH,0H

Borane-THF complex (1.25 mL of 1M soln., 1.25 mmol) was added, in portions,
to a solution of bromobutyric acid (210 mg, 1.25 mmol) in dry THF at -18 °C. The
reaction was stirred overnight and allowed to warm up to 21 °C. The reaction was

quenched with an aqueous solution of K,CO; (1.5 mL) at O °C and extracted with ether (3

x 50 mL). The combined organic extracts were washed with saturated aqueous NH4Cl
solution, and concentrated in vacuo. Purification by flash chromatography (4:1,
hexane/ether) provided 161 mg (83%) of the title compound; IR (neat) 3337, 2918, 1648,

1435, 1051 cm ; 'H NMR (200 MHz, CDCL;) 8 3.61 (t, J = 6.4 Hz, 1H), 3.40 (t, J = 6.6

Hz, 2H), 2.80 (s, 1H), 1.93-1.83 (m, 2H), 1.71-1.61 (m, 2H) ppm; 13C NMR (50 MHz,
CDCl,) 61.6, 33.7, 31.0, 29.1 ppm; HRMS calcd. for C,H,Br (M+-H20): 133.9731,
found; 133.9742.

4-Bromo-1-(¢-butyldimethylsilyloxy)butane (201)

BrCH,CH,CH,CH,OTBDMS

TBDMSC! (148 mg, 0.979 mmol), was added to a solution of 4-bromobutanol
200 (100 mg, 0.653 mmol), imidazole (89 mg, 1307 mmol) and 4-
dimethylaminopyridine (40 mg, 0.326 mmol) in dry CH,Cl, (4 mL) at 0 °C. The solution
was stirred overnight and warmed to 21 °C, quenched with aqueous NH4Cl solution 5
mL), and extracted with ether (3 x 10 mL). The combined organic extracts were washed
with aqueous NaCl solution (3 x 3 mL), dried filtered and concentrated. The resultant oil

was purified by flash chromatography (pet ether) to afford 140 mg (80%) of the title

compound as a clear colorless oil; IR (neat) 2994, 2858, 2361, 1468, 839, 776 cm.li lH
NMR (200 MHz, CDCl,) 63.61 (t, J = 6.0 Hz, 2H), 3.41 (t, J = 6.7 Hz, 2H), 1.95-1.87
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(m, 2H), 1.66-1.58 (m, 2H), 0.86 (s, 9H), 0.02 (s, 6H) ppm; 'C NMR (50 MHz, CDCL,)
62.1, 33.8, 31.2, 29.4, 25.9, 25.7, -5.3 ppm; HRMS calculated for C¢H,,BrOSi(M -t-
Butyl): 208.9998. Found: 209.0.

5-Hydroxy-9-(tert-butyldimethylsilyloxy)nonanal-N,N-diphenylhydrazone (202)

PhoN
N OH

J\/\/K/\/\
H OTBDMS

The aldehyde 191 (425 mg, 1.5 mmol) was dissolved in dry THF (2 mL) in a two
necked flame dried flask and the resulting solution was cooled to O °C. The Grignard
reagent BrMgCH,CH,CH,CH,OTBDMS [prepared from bromocompound 201 (1.5 g,

5.6 mmol), by refluxing with a suspension of Mg (225 mg) in THF (2.5 mL)], was added
slowly at 0 °C and the reaction was monitored by TLC until the starting material was

consumed. The reaction was quenched by saturated aqueous NH,CI (15 mL) solution.

The resulting mixture was poured into a separatory funnel containing water and ethyl
acetate (150 mL). The aqueous layer was extracted with ethyl acetate (3 x 50 mL). The
combined organic extracts were washed with saturated aqueous NaCl solution (30 ml),

dried over anhydrous MgSO;, filtered and concentrated in vacuo. The resulting oil was
purified by flash chromatography (1:4, ether/pet ether) to obtain 525 mg (60%) of the
title compound; IR (neat) 3396, 3061, 2906, 1592, 1479, 1302, 1210, 910, 744, 697 cm'l;
'H NMR (200 MHz, CDCl,) 8 7.39-7.21 (m, 4H), 7.14-7.06 (m, 6H), 6.54 (t, J = 5.2 Hz,
1H), 3.64-3.56 (m, 3H), 2.31-2.28 (m, 2H), 1.80 (br s, 1H), 1.62-1.45 (m, 10H), 0.90 (s,
9H), 0.06 (s, 6H) ppm; °C (50 MHz, CDCl,) § 144.3, 139.7, 129.6, 123.8, 122.3, 71.5,

63.1, 37.1, 36.9, 32.7, 32.6, 25.9, 23.0, 21.9, 18.3, -5.3 ppm; calcd. for C27H42N>O-Si
(M™M): 454.3096. Found: 454.3052.
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5-Bromo-9-(tert-butyldimethylsilyloxy)nonanal-N,N-diphenylhydrazone (203)

PhoN
2N Br

/Il\/\)\/\/\
H OTBDMS

Triethylamine (1.2 mL, 0.79 mmol) was added to a cold solution (0 °C) of dry
CH,Cl, (8 mL) containing triphenylphosphine (0.207 g, 0.79 mmol), Bromine (45 mL,
0.79 mmol) was added dropwise until the reaction mixture turned a faint yellow in
colour. The mixture was stirred at this temperature for 10 min., then alcohol 202 (0.3 g,
0.66 mmol) was added dropwise as a dichloromethane solution (0.7 mL). The reaction
mixture was stirred at 0 °C for 30 min. and then at 22 °C for 30 min. The reaction was

quenched with saturated aqueous NaHCO; (3 mL) solution. The aqueous layer was

extracted with ether (3 x 10 mL) and the combined organic extracts were washed with
brine, dried and concentrated. The resultant oil was purified by flash chromatography
(4:1, hexane/ether) to afford 240 mg (75%) of the title compound as a clear colorless oil;

IR (neat) 2940, 2858, 2351, 1593, 1494, 749, 698 cm_l; 'H NMR (200 MHz, CDCl,)
7.41-7.32 (m, 4H), 7.16-7.06 (m, 6H), 6.52 (t, J = 5.17 Hz , 1H), 4.05 (m, 1H), 3.62 (t, J
= 5.86 Hz, 2H), 2.36-2.26 (m, 2H), 1.88-1.50 (m, 10H), 0.91 (s, 9H), 0.06. (s, 6H) ppm;
l3C NMR (50 MHz, CDCL,) & 144.1, 138.7, 129.6, 123.8, 122.2, 62.8, 58.0, 38.8, 384,

32.1, 31.9, 25.9, 24.8, 23.9, 18.2, -5.2 ppm; HRMS calcd. for C,;H,,N,SiBrO (M ):
516.2173. Found: 516.2221. Anal. Calcd. for C,,H, N,SiBrO: C, 62.95; H, 7.98; N,
5.41. Found: C, 62.75; H, 7.83; N, 5.49.
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5-Bromo-9-hydroxynonanal-N,N-diphenylhydrazone (204)

Tetrabutylammonium fluoride (0.490 mL of 1M soln. in THF, 0.49 mmol) was
added to the solution of compound 203 (210 mg, 0.41 mmol) in dry THF (3.5 mL), at 0
°C and the resulting mixture was stirred overnight. The reaction was quenched with
water (2 mL) and extracted with ether. The combined organic extracts were washed with
saturated NaCl solution (2 x 10 mL), dried over anhydrous MgSO, and concentrated in
vacuo. Purification by flash chromatography (1:1 ether/hexanes) afforded 130 mg (80%),
of the title compound as a faint yellow oil; IR (neat) 3360, 3060, 2916, 1592, 1210, 1091,

1062, 749, 689 cm’; 'H NMR (200 MHz, CDCl,) § 7.39-7.32 (m, 4H), 7.14-7.03 (m,
6H), 6.50 (t, J = 5.2 Hz, 1H), 4.07-4.01 (t, J = 6.2 Hz, 1H), 3.65-3.59 (t, J = 6.0 Hz,
2H), 2.34-2.24 (m, 2H), 1.90-1.42 (m, 10H) ppm; 'C NMR (50 MHz, CDCl,) 144.1,
138.8, 129.6, 123.8, 122.2, 62.5, 57.9, 38.8, 38.3, 31.9, 31.8, 24.8, 23.8 ppm; HRMS
caled. for C,; HyyN,OBr (M): 402.1297. Found: 402.1293.

5-Bromononanedial-9-(N,N-diphenylhydrazone) (189)

PhaNL

i~ A~

A suspension of pyridine.SO; complex (1.51 g, 3.23 mmol) in DMSO (3.6 mL)

was added to a solution of the alcohol 204 (1.3 g, 3.23 mmol), and EN (3.6 mL, 258
mmol) in DMSO (5.6 mL) at room temperature. After consumption of the alcohol the

reaction was poured into a separatory funnel containing water and ethyl acetate (3x50
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mL) and the combined organic extracts were washed with brine (2 x 25 mL), dried and
concentrated in vacuo. The purification by flash chromatography (4:1 hexanes/ether)
yielded 967 mg (75%) of the title compound as a faint yellow oil; IR (neat) 3059, 2933,

1723, 1592, 1492, 1301, 1210, 1062 cm . 'H NMR (200 MHz, CDCl, ) §9.73 (t, J= 1.5
Hz, 1H), 7.39-7.24 (m, 4H), 7.2-7.03 (m, 6H), 6.49 (t, J = 5.2 Hz, 1H), 4.05-4.02 (m,
1H), 2.48-2.24 (m, 4H), 1.90-1.60 (m, 8H) ppm; C NMR (50 MHz, CDCL;) & 201.7,
144.0, 138.6, 129.6, 123.8, 122.5, 57.1, 43.0, 38.3, 38.2, 31.8, 24.7, 20.1 ppm; HRMS
caled. for C,,H, N,OBr (M"): 400.1151. Found: 400.116L.

5-Bromooctanedial-(1-O-methyloxime)-9-N,N-diphenylhydrazone (182a)

Methoxyamine hydrochloride (417 mg, 0.50 mmol) was added to the solution of
aldehyde 189 (200 mg, 0.50 mmol) and pyridine (42 pL, 0.52 mmol) in dry ethanol (3
mL) at O °C. The solution was stirred at this temperature until the reaction was complete.
The resulting solution was concentrated and purification by flash chromatography (1:20,

ether/pet ether) yielded 135 mg (63%) of the title compound as a clear colorless oil; IR
(neat); 3060, 2933, 2351, 1592, 1492, 1454, 1301, 1210, 1054, 883, 749, 698 cm'l; 'H
NMR (200 MHz, CDCl,) & 7.36-7.24 (m, 4H), 7.13-7.07 (m, 6H), 7.37, 6.61 [t, J = 5.5
Hz, 1H (syn, anti)], 6.50 (t, J = 5.1 Hz, 1H), 4.06-4.00 (m, 1H), 3.83, 3.80[s, 3H (syn,
ant)], 2.35-2.17 (m, 4H), 1.88-1.59 (m, 8H) ppm; C NMR (50 MHz, CDCl,)

8 {150.9, 150.0 (syn, anti), 144.2, 138.7, 129.6, 123.9, 122.3, [61.6, 61.2 (syn, anti)],
57.2, [38.6, 38.5 (syn, anti)], [38.4, 38.3 (syn, anti)], 31.9, 28.8, [24.8, 24.6 (syn, anti)],

24.2 ppm; HRMS calcd. for C22 Hag NsOBr (M+): 429.1417. Found: 429.1433.
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5-Bromooctanedial-(1-O-benzyloxime)-9-N,N-diphenylhydrazone (182b)

PhoN< OBn

N
J\/\/k/\)l\
H H

Benzyloxyamine hydrochloride (86 mg, 0.53 mmol) was added to the stirred
solution of aldehyde 189 (179 mg, 0.45 mmol) and pyridine (48 pL, 0.57 mmol) in dry
ethanol (1 mL) at 0 °C. After completion of the reaction, the solution was concentrated
and the residue purified using flash chromatography (1:20, ether/pet ether).
Concentration of the appropriate fractions afforded 140 mg (62.2%) of the title
compound as faint yellow oil; IR (neat): 3031, 2933, 1592, 1453, 1301, 1210, 917, 748,

697 cm’'; 'H NMR (200 MHz, CDCL,) § 7.44, 6.68 [t, (syn, J = 6.1 Hz, anti, J =5.5 Hz)
1H], 7.41-7.34 (m, 9H), 7.14-7.05 (m, 6H), 6.52 (dt, J = 2.3 Hz, 5.2 Hz, 1H), 5.11, 5.05
s, 2H. (syn, anti), 4.04-4.01 (m, 1H), 2.41-2.24 (m, 4H), 1.86-1.59 (m, 8H) ppm; C
NMR (50 MHz, CDCL,) & [151.5, 150.6 (syn, anti)], 144.2, [138.8, 138.7 (syn, ant),

[138.0, 137.7 {syn, anti)], 129.7, [128.3, 128.2 (syn, antd)], 127.9, [127.8, 127.7 (syn,
anti)], 123.9, 122.3, [75.8, 75.5 (syn, anti)], 57.3, [38.6, 38.5 (syn, anti)], 38.2,31.9, 28.8,
[25.1, 24.8 (syn, anti)], [24.5, 24.2 (syn, anti)] ppm; HRMS calcd. for C,gH;,N,OBr

(M"): 505.1729. Found: 505.1739.

5-Bromooctanedial-(1-N,N-dimethyl-9-N,N-diphenyldihydrazone) (182c)

PhoN [NMe;

N,N-dimethylhydrazine (54 mg, 0.897 mmol) was added to the solution of
aldehyde 189 (120 mg, 0.299 mmol) in dry CH,Cl, (2 mL). The resulting solution was
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stired overnight at 40 °C. After the completion of the reaction, the solvent was
evaporated to provide the crude product. Purification by flash chromatography (2:5
ether/pet ether) afforded 100 mg (75%) of the title compound as a faint yellow oil; IR

(neat) 2920, 2781, 1593, 1494, 1300, 1210, 749, 698 cm’; 'HNMR (200 MHz, CDCl,) 8
7.39-7.31 (m, 4H), 7.13-7.04 (m, 6H), 6.59 (t, J = 5.42 Hz, 1H), 6.49 (t, J = 54 Hz, 1H),
4.05 (br q, J = 6.05 Hz, 1H), 2.70 (s, 6H), 2.33-2.19 (m, 4H), 1.90-1.59 (m, 8H) ppm; Pc
NMR (50 MHz, CDCl,) § 144.1, 138.7, 138.0, 129.6, 123.8, 122.2, 57.7,43.2, 38.3,38.3,
323, 31.9, 25.6, 24.8 ppm; HRMS calcd. for C,;H,;,N,Br (M+): 442.1733. Found:
442.1723.

5-Bromooctadianal-(1-N-Benzoylhydrazone)-9-N, N-diphenylhydrazone (182d)

PhoN. _NHCOPh

Benzoylhydrazine (106 mg, 0.78 mmol) and aldehyde 189 (250 mg, 0.625 mmol)
were stirred in dry toluene (6.6 mi) at 21 °C for 24 h. The resulting mixture was
evaporated to dryness and purified by flash chromatography (1:24, ether/CH,Cl,).

Concentration of appropriate fractions yielded 230 mg (71%) of a viscous oil, which was

crystallized from toluene and pet ether to obtain a white solid; mp 110-1 12 °C; IR (neat):
3221, 3052, 2935, 1736, 1648, 1492, 1210, 749, 698 cm-l; 'H NMR (200 MHz, CDCl,) 8

10.10 (s, 1H), 7.80 (d, J = 8.5 Hz, 2H), 7.60 (br s, 1H), 7.43 (t, J = 7.4 Hz, 1H), 7.40-7.10
(m, 6H), 7.08-7.04 (m, 6H), 6.48 (t, J = 5.16 Hz, 1H), 3.99-3.94 (m, 1H), 2.30-2.23 (m,

4H), 1.84-1.57 (m, 8H) ppm; C NMR (50 MHz, CDCL,) § 164.4, 152.3, 144.2, 138.9,

[133.1, 132.9 (syn, anti)], 131.9, 129.7, [128.5, 128.4 (syn, ann)], [127.7, 127.5 (syn,
anti)], 123.9, 122.3, [57.7, 57.4 (syn, anti)], 38.5, [38.4, 38.3 (syn, anti)], 32.0, 31.9,
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[24.9, 24.6 (syn, anti)], 24.8 ppm; FAB acc. mass calcd for Cz3H3N4OBr (M++ 1):
519.17604. Found: 519.2069.

5-Bromononanedial-[1-N-(p-toluene)sulfonyl hydrazone]- 9-N, N-
diphenylhydrazone (182e)

PhoN ,NHSOZCsH4Me
N

p-Toluene sulfonylhydrazine (134 mg, 0.625 mmol) and aldehyde 189 (200 mg,
0.50 mmol) were stirred in ethanol (1 ml) at 21 °C for one h. The resulting solution was
evaporated to dryness and purification by flash chromatography (2:5 ether/pet ether)
afforded 170 mg of the title compound (60%) as faint yellow oil; IR (neat): 3204, 2936,
1592, 1493, 1452, 1210, 1164, 1092, 902 cm ' 'H NMR (500 MHz, CDCl,;) 6 8.16 (brs,
1H), 7.84, 7.82 [d, 2H, (syn anti), J = 8.3 Hz, J = 8.2 Hz], 7.36-7.27 (m, 6H), 7.23-7.05
(m, 6H), 6.68 [t, J = 5.2 Hz, (anti), (syn hidden under 7.23-7.05), 1H], 6.50 (t, J =5.0
Hz, 1H), 3.95-3.92 (m, 1H), 2.19-2.39 (s, 3H), 2.30-2.24 (m, 2H), 2.19-2.12 (m, 2H),
1.82-1.50 (m, 8H) ppm; 13C NMR (125 Hz, CDCl,) 6 [151.9, 150.8 (syn, anti)], 144.2,
144.1, 138.8, 135.2, 129.7, 129.6, [127.9, 127.8 (syn, anti)], 123.9, 122.3, [57.3, 57.0
(syn, anti)], [38.4, 38.3 (syn anti)], [38.2, 38.1 (syn ant)], 31.8, 31.5, [26.4, 24.7(syn,
anti)], [24.0, 23.8 (syn, anti)], 21.6 ppm; FAB accurate Mass calcd for C,4H;,N,O,SBr

(M +1):569.1586. Found: 569.1845.
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5-Bromononanedial-[1-N-(2,4,6-trimethylbenzene)sulfonylhydrazone]-9-N,N-
diphenylhydrazone (182f)

PhoN. NHSO2CgH,Mes

2,4,6-Trimethylbenzensulfonyl hydrazide (67 mg, 0.312 mmol) and aldehyde 189
(100 mg, 0.25 mmol) were stirred in ethanol (1 ml) at 21 °C for one h. The resulting
solution was evaporated to dryness and purification by flash chromatography (2:5
ether/pet ether) afforded 67 mg of the title compound (50%) as faint yellow oil; IR (neat)
3267, 2937, 1597, 1494, 1453, 1371, 1210, 1153, 851, 749, 659 cm_l; 'H NMR (200
MHz, CDCl;) 8 7.65 (s, 1H), 7.38-7.27 (m, 4H), 7.14-7.06 (m, 6H), 6.96-6.93
[overlapping s, 2H, (syn anti)], 6.63[t, J = 5.2 Hz, (anti), (syn hidden under, 7.14-7.06)
1H], 6.48 (t, J = 5.2 Hz, 1H), 3.97-3.90 (m, 1H), 2.67-2.60 [overlapping s, 6H, (syn, anti)
], 2.28-2.27 [overlapping s, 3H (syn, anti)], 2.24-2.15 (m, 2H), 1.76-1.51 (m, 10H) ppm;
C NMR (50 MHz, CDCL,) 5 [150.2, 149.0 (syn, anti)], 144.2, 142.8, [140.2, 140.1 (syn,
anti)], [138.7, 138.6 (syn, anti)], [132.3, 132.0 (syn anti)], [131.9, 131.8 (syn, anti)],
129.9, 123.9, 122.3, [57.2, 56.8 (syn, anti)], [38.5, 38.4 (syn, anti)], [38.2, 38.0 (syn,
anti)], 31.8, 31.4, [25.9, 24.8 (syn, ant])], [23.8, 23.7 (syn, anti)], [23.1, 23.0 (syn, anti)],
20.9 ppm; FAB Accurate Mass calcd for C;,H;,N,O,BrS (M + 1): 597.1984. Found:

597.1899.
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5-Bromononanedial-[1-N-(2-phenyl-N-aziridinyl)hydrazome}-9-N,N-
diphenylhydrazone (182g)

Phenyl aziridine (557 mg, 4.1 mmol) dissolved in pentane (15 mL), was added to
a cold solution (0° C) of the aldehyde 189 (1.5 g, 3.75 mmol) in ethwanol (15 mL). The
resulting solution was stirred at this temperature for 4 h. The reaction: was quenched with
water (10 mL) and extracted with ether (3 x 50 mL). The combined omxganic extracts were
washed with saturated NaCl solution (2 x 25 mL) and dried over anbaydrous MgSO, and
dried in vacuo. Purification by column chromatography (2:3 ether/pert ether) afforded 1.2
g (61%) of the desired compound as a faint yellow oil; IR (neat) 3031, 2035, 1593, 1492,
1454, 1301, 1210, 1090, 748, 698 crn'l; lH NMR (500 MHz, CDCl,) § 794 (t, J = 5.4
Hz, 1H), 7.39-7.24 (m, 9H), 7.16-7.10 (m, 6H), 6.53 (t, J = 5.1 Hz, 1H), 4.07-4.04 (m,
1H), [3.03-3.00 (m, $YM), 2.95-2.85 (m, anti), 1H], 2.46-2.41 (m, 1H), 2.34-2.25 (m, 5H),
1.89-1.75 (m, 6H), 1.68-1.64 (m, 2H) PPM; °C (125 MHz, CDCly) & [162.3, 162.2 ()7,
anti)], 144.2,144.2, [138.7, 138.6 (Syn, anti)], 129.7, 128.4, [127.2, 126.2 (5)", antiy],

126.4, 1239, 1223, 57.3, 43.6, 40.18, 38.6, 38.4, 31.9, 31.7, 24.8, 24.2 ppm; FAB
accurate mass calcd. for CagHasN4Br (MM + 1): 517.1967. Found: 517 .1799.

140



5-Phenylseleno-9-(tert-butyldiméthylsilyloxy)nonanal-N,N -diphenylhydrazone (205)

PhoN_
N

I
H OTBDS

SePh

Diphenyl diselenide (359 mg, 1.16 mmol) and sodium hydride (92 mg, 2.08
mmol, 60% dispersion in mineral oil) were placed in an oven dried, two necked flask.
The flask and its contents were evacuated (oil pump) and flushed with nitrogen five
times. Dry THF (6 mL) was added to the contents of the flask using a syringe the
mixture was refluxed for 45-60 min. To the resulting light yellow suspension of the
sodium phenylselenide, compound 203 was added slowly (270 mg, 0.523 mmol) and
refluxed for 3 h. The reaction was quenched by methanol (5 mL) and extracted with
ether (3 x 30 mL). The combined organic extracts were washed with saturated NaCl
solution (2 x 10 mL) and dried over anhydrous MgSO, and dried in vacuo. Purification
by column chromatography (2% ether/pet ether) afforded 675 mg (98 %) of the desired
compound as a faint yellow oil; IR (neat) 3062, 2937, 2837, 1592, 1494, 1436, 1300,

1258, 1211, 1098, 1023, 838, 776, 743, 696 cm ; H NMR (200 MHz, CDCL,) § 7.57-
7.53 (m, 2H), 7.42-7.34 (m, 4H), 7.26-7.21 (m, 3H), 7.17-7.08 (m, 6H), 6.52 (t, J = 5.2
Hz, 1H), 3.78-3.61 (m, 2H), 3.39-3.09 (m, 1H), 2.30-2.28 (m, 2H), 1.71-1.53 (m, 10H),

0.93 (s, 9H), 0.08 (s, 6H) ppm; '3C (50 MHz, CDCL;) § 144.1, 139.1, 134.7, 129.5, 129.3,
128.7, 127.1, 123.7, 1222, 62.3, 46.3, 35.0, 34.8, 32.5, 32.3, 25.9, 24.9, 23.8, 18.2, -5.2

ppm; HRMS calcd. for C33H4sN2OSeSi (MH): 594.2497. Found: 594.2512.
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5-Phenylseleno-9-hydroxynonanal-N,N-diphenylhydrazone (206)

PhoN_
IN SePh

H OH

Tetrabutylammonium fluoride (1.03 mL. of 1 M sol. In THF, 1.03 mmol) was
added to the solution of compound 205 (650 mg, 0.943 mmol) in dry THF (10 mL) at O
°C, and the resulting solution was stirred for 4 h. The reaction was quenched with water
(6 mL) and extracted with ether, and the combined organic extracts were washed with
saturated NaCl (2 x 20 mL), dried and concentrated.. Purification by flash
chromatography (2:3, ether/pet ether) afforded 435 mg (96%) of the title compound as
faint yellow oil; IR (neat) 3369, 3058, 2928, 1591, 1493, 1301, 1210, 1090, 1022, 744,

696 cm ; 'H NMR (500 MHz, CDCL,) § 7.53-7.50 (m, 2H), 7.37-7.33 (m, 4H), 7.26-7.20
(m, 3H), 7.12-7.05 (m, 6H), 6.49 (t, J = 5.3 Hz, 1H), 3.59-3.56 (m, 2H), 3.17-3.15 (m,
1H), 2.27-2.25 (m, 2H), 1.71-1.61 (m, 6H), 1.57-1.42 (m, 4H) ppm, OH proton not
observed; C (50 MHz, CDClL;) § 144.0, 139.2, 134.7, 129.5,129.2, 128.8, 127.2, 123.7,

122.2, 62.5, 46.2, 35.0, 34.7, 32.3, 32.2, 24.9, 23.7 pPmM; HRMS calcd. for C>7H3:N.OSe
(M™"): 480.1681. Found: 480.1647.

5-Phenylselenononanedial-9-(N, N-diphenylhydrazone) (207)

PhoN
SePh O

A suspension of pyridine.SO3 complex (397 mg, 2.50 mmol) in DMSO (3.5 mL)

was added to a solution of the alcohol 206 (400 mg, 0.836 mmol), and triethylamine
(0.916 mL) in DMSO (4 mL) at room temperature. The reaction was quenched with

water and extracted with ethyl acetate (3 x 20 mL). The combined organic extracts were
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washed with brine (2 x 10 mL), dried and concentrated. The purification by flash
chromatography (1:9 ether/pet ether) yielded 278 mg (70%) of the title compound as a

faint yellow oil; IR (neat) 2923, 1724, 1592, 1493, 1453, 1299, 1210, 1091, 749, 698 cm
', '"H NMR (200 MHz, CDCL,) § 9.70 (s, 1H), 7.54-7.50 (m, 2H), 7.47-7.39 (m, 4H),
7.36-7.20 (m, 3H), 7.15-7.02 (m, 6H), 6.49 (t, J = 5.1 Hz, 1H), 3.22-3.11 (m, 1H), 2.42-
2.23 (m, 4H), 1.86-1.57 (m, 8H) ppm; *C (50 MHz, CDCl;) § 202.1, 144.1, 139.0, 134.8,

129.5,129.2, 128.9, 1274, 123.8, 122.2, 459, 43.4, 34.7, 34.7, 32.2, 249, 20.1 PP™;
HRMS calcd. for Co7H30N>0Se (M"): 478.1524. Found: 478.1570.

cis- and trans-2-(4-t-Butyldimethylsilyloxybutyl)-1-(V, V-
diphenylhydrazino)cyclopentane (208)

NHNPh, NHNPh,
OTBDMS \/-‘ : ‘\\\\/\/OTBDMS
2081 208ii

Following' the general procedure for the radical cyclization, tributyltin hydride
(0.390 mL, 1.45 mmol) and AIBN (53 mg, 0.33 mmol) were added to the solution of
hydrazone 203 (500 mg, 0.96 mmol) in dry benzene (15.6 mL). The product mixture was
purified by flash chromatography (3:1 ether/pet ether) to obtain 424 mg 96%, 3:1 mixture
of cis and trans of the title compound as a faint yellow oil; Cis Isomer (208i): IR (neat)
3061, 2939, 2858, 1591, 1495, 1467, 1259, 1099, 838, 748, 695 cm-[; 'H NMR, (200
MHz, CDCl,) § 7.32-7.20( m, 4H), 7.16-7.10 (m, 4H), 6.97 (t, J = 6.9 Hz, 2H), 3.89 (br
s, 1H), 3.58 (t, J = 6.3 Hz, 2H), 3.31-3.27 (m, 1H), 1.88-1.70 (m, 4H), 1.69-1.25 (m, 9H),
0.90 (s, 9H), 0.05 (s, 6) ppm; *C NMR (50 MHz, CDCl;) § 148.0, 129.0, 121.9, 120.2,
63.1, 59.0,44.3,33.0,29.9,29.5,288,25.9,25.1,22.2,18.3,-5.1. Trans Isomer
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(208ii): IH NMR (By subtracting the signals due to cis isomer), (500 MHz, CDCl,) &

7.25(t,J=7.8 Hz, 4H), 7.1 (d, J = 8.2 Hz, 4H), 6.97 (t, J = 7.2 Hz, 2H), 3.86 (br s, 1H),
3.55 (t, J = 6.5 Hz, 2H), 3.06-3.02, (m, 1H), 2.13-1.2 (m, 13 H), 0.90 (s, 9H), 0.05 (s,

3
6H); “c NMR (50 MHz, CDCl;) 147.9, 128.9, 121.9, 120.1, 63.7, 63.1, 44.0, 34.4, 32.9,
314, 306, 259, 244, 23.6, 183, -5.1 ppm; HRMS caled for C,;H,,N,OSi

(M+);438.3068. Found: 438.3061. Anal. calcd. for C,;H,,N,OSi: C, 73.86; H, 9.67; N,
6.3. Found: C, 73.68; H,9.77; N, 6.48.

cis- and trans-2-(4-Hydroxybutyl)-1-(N,N-diphenylhydrazino)

Cyclopentane (209)
NHNPh, NHNPh,
OH .\\\\/\/OH
209i 209ii

Tetrabutylammonium fluoride (1.12 mL of IM soln. in THF, 1.12 mmol) was
added to a solution of compound 208 (408 mg, 0.931 mmol) in dry THF (7.5 mL) at O
°C, and the resulting solution was stirred overnight. The reaction was quenched with
water (5 mL) and extracted with ether. The combined organic extracts were washed with
brine (2x10 mL) and concentrated. Purification by flash chromatography (1:2.5 ether/pet
ether) afforded 258 mg (86%) of the title compound as a faint yellow oil; Cis Isomer
(209i): IR (neat) 3348, 2937, 2865, 1590, 1495, 1290, 1052, 748, 696 cm-l; lH NMR
(200 MHz, CDCIl;) 8 7.34-7.23 (m, 4H), 7.19-7.15 (m, 4H), 6.99-6.96 (m, 2H), 3.92

s, 1H), 3.58 (q, 2H), 3.30-3.26 (m, 1H), 1.91-1.30 (m, 13H) ; 13C NMR (50 MHz,
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CDCl,) & 148.0, 128.9, 121.8, 120.1, 62.5, 58.9, 44.2, 32.7, 29.8, 29.5, 28.6, 24.8, 22.2.

Trans Isomer (209ii): lH NMR (by subtracting signals due to cis isomer) (500 MHz,
CDCl,) 6 7.30-7.20 (m, 4H), 7.16-7.13 (m, 4H), 6.99-6.95 (m, 2H), 3.80 (br s, 1H), 3.55

(t, J = 6.6 Hz, 2H), 3.08-3.07 (m, 1H), 1.89-1.76 (m, 3H), 1.65-1.28 (m, 10H) ppm; l3C
NMR (50 MHz, CDCl,) 147.7, 128.8, 121.7, 120.0, 63.5, 624, 43.8, 34.2, 32.6, 31.3,

30.5, 24.2, 23.5 ppm; HRMS calcd for C,,H,¢N,O (M): 324.2202. Found: 324.2219.

cis- and frans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]butanal (210)

NHNPh, NHNPh,

é.\\\\/\rH

0] 0]

A suspension of pyridine.SO3 complex (380 mg, 0.81 mmol) in DMSO (3 mL)
was added to a solution of the alcohol 209 (258 mg, 0.79 mmol) and triethylamine (0.90
mL, 6.45 mmol) in DMSO (5.6 mL) at room temperature. After complete consumption
of the alcohol the reaction was poured into a separatory funnel containing water and
extracted with ethyl acetate (3 x 20 mL), and the combined organic extracts were washed
with brine (2 x 10 mL), dried and concentrated in vacuo. to give 250 mg (97%) of the
title compound as a faint yellow oil. The title compound could not be purified due to its
instability to silica gel: IR (neat): 2915, 2351, 1723, 1590, 1493, 1292, 749, 696 cm ; H
NMR (200 MHz, CDCl,) 8 9.72 (s, 1H), 7.48—6.92 (m, 10 H), 3.96 (br s, 1H), 3.35-3.21

(m, 1H), 2.48-2.39 (m, 2H), 1.99-1.45 (m, 11H).
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cis- and frans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]butanal

(O-methyloxime) (186a)

NHNPh, NHNPh,
H
AW\ H
NI é \ \/\f
N
"OMe “OMe
186ai 186aii

Methoxyamine hydrochloride (27 mg, 0.32 mmol) was added to a solution of
aldehyde 210 (65 mg, 0.20 mmol) and pyridine (33 puL, 0.40 mmol) in dry ethanol (1 mL)
at 0 °C. The solution was stirred at this temperature until the reaction was complete. The
resulting solution was concentrated, and purification by flash chromatography (1:20,
ether/pet ether) yielded 52 mg (73.4%) of the title compound as a clear colorless oil; Cis
Isomer; IR (neat); 2918, 1590, 1494, 1279, 1053, 802, 749, 696 cmol; 'H NMR (200
MHz, CDCl,) & 7.35-7.23 (m, 4H), 7.16-7.10 (m, 4H), 6.99-6.92 (m, 2H), 6.57 [t,J=5.5
Hz (anti, syn hidden under 7.13-7.10), 1H], 3.92-3.87 (br s, 1H), 3.84, 3.77 [s, 3H (syn,
anti)], 3.27-3.25 (m, 1H), 2.28-2.12 (m, 2H), 1.86-1.30 (m, 11H) ppm; “c NMR (50
MHz, CDCl,) & [151.5, 150.5 (syn, anti)], 148.0, 129.0, 122.0, 120.2, 61.1, [59.1, 58.9
(syn, anti)], [44.0, 43.9 (syn, anti)], [29.9, 29.7 (syn, anti)], [29.6, 29.5 (syn, anti)], [29.5,
29.4 (syn, anti)], [28.7, 28.4 (syn, anti)], [25.7, 25.6 (syn, anti)], [22.2, 22.1 (syn, anti)]
ppm; HRMS calcd for Ca,HagN3C (M+): 315.2319. Found: 315.2321. Trans Isomer: '"H
NMR (by subtracting the signals due to cis isomer) (500 MHz, CDCl,) 0 7.33-7.23 (m,
4H), 7.14-7.10 (m, 4H), 6.98-6.94 (m, 2H), 6.52 (t, J = 5.2 Hz, 1H), 3.92-3.87 (br s, 1H),
3.82, 3.79 [s, 3H (syn, anti)], 3.05-3.04 (m, 1H), 2.27-1.50 (m, 13 H).
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cis- and trans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]butanal

(O-benzyloxime) (186b)

NHNPh, NHNPh,
H H
R\
| é ~Y
NI. Nl-
OBn OBn
186bi 186bii

Benzyloxyamine hydrochloride (40 mg, 0.25 mmol) was added to a stirred
solution of aldehyde 210 (50 mg, 0.15 mmol) and pyridine (28 uL, 0.34 mmol) at 0 °C.
After completion of the reaction, the solution was concentrated and the residue purified
using flash chromatography (1:10, ether/pet ether). Concentration of the appropriate
fractions afforded 51 mg (79.7%) of the title compound as a faint yellow oil; Cis Isomer:
IR (neat): 3030, 2933, 1590, 1495, 1454, 1283, 1029, 912, 814, 748, 697 cm ; H NMR
(200 MHz, CDCl,) § 7.45-7.21 (m, 9H), 7.16-6.93 (m, 6H), 6.63 [t, /=54 Hz (anti) (syn
hidden under 7.45-7.21), 1H], 5.09, 5.02 [s, 2H (syn, anti)], 3.91 (brs, 1H), 3.28-3.21 (m,
1H), 2.18-2.13 (m, 2H), 1.87-1.38 (m, 11H) ppm; “c NMR (50 MHz, CDCl,) 8 [152.1,
151.1 (syn, anti)], [148.1, 148.0 (syn, ant)], [138.3,138.0 (syn, anti)], 129.0, 129.0,
[128.3, 128.1 (syn, anti)], [127.8, 127.7 (syn, anti)], [122.0, 121.9 (syn, anti)], 120.2,
120.0, [75.6, 75.5 (syn, anti)], [59.2, 58.9 (syn, anti)], [44.1, 43.9 (syn, anti)], [29.9, 29.7
(syn, anti)], [28.7, 28.4 (syn, anti)], 26.0, [25.5, 25.4 (syn, anti)], 22.2 ppm; HRMS calcd.
for C,gH;;N,0 (M’): 427.2625. Found: 427.2606. Trans Isomer: 'H NMR (by
subtracting the signals due to cis isomer) (500 MHz, CDCl,) S 7.42-7.21 (m, 9H), 7.13-
7.05 (m, 4H), 7.07-6.91 (m, 2H), {6.62[ t, J = 5.5 Hz (cis)], 6.58 [t, J = 5.62 Hz (trans)],
1H(syn) (anti hidden under 7.42-7.21)}, 5.08-5.01 [s, 2H (syn, anti)], 3.85 (br s, 1H),
3.07-3.04 (m, 1H), 2.17-2.12 (m, 2H), 1.88-1.35 (m, 11H).
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cis- and trans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]butanal

(N,N-dimethylhydrazone) (186c¢)

NHNPh, NHNPh,
H H
KA\
*NMe, *NMe,
186c¢i 186cii

N,N-Dimethylhydrazine (34 mg, 0.564 mmol) was added to a solution of aldehyde
210 (50 mg, 0.153 mmol) in dry CH,Cl, (1.5 mL). The resulting solution was stirred
overnight at 40 °C. The solvent was evaporated to provide the crude product.
Purification by flash chromatography (2:5 ether/pet ether) afforded 45 mg (80%) of the
title compound as a faint yellow oil; Cis Isomer: IR (neat): 2909, 1591, 1482, 1029, 748,

696 cm-[; '"H NMR (200 MHz, CDCl,) & 7.30-7.22 (m, 4H), 7.23-7.11 (m, 4H), 6.98-6.91
(m, 2H), 6.66-6.65 (m, 1H), 3.99-3.98 (br s, 1H), 3.27-3.23 (m, 1H), 2.68 (s, 6H), 2.24-
2.16 (m, 2H), 1.85-1.39 (m, l1H) ppm; “c NMR (50 MHz, CDCl;) o 148.0, 138.9,
128.9, 121.8, 120.2, 58.8, 44.2, 43.4, 33.1, [29.9, 29.6 (syn, anti)], 29.5, 28.5, 26.5, 22.2
ppm; FAB acc. mass caled. for C,3H;,N, (M +1): 365.2706. Found: 365.3281. Anal.
caled. for C,,H;,N,: C, 75.78; H, 8.84; N, 15.36. Found: C, 75.59; H., 8.90; N, 15.23.
Trans Isomer: 1H NMR (500 MHz, CDCl,) (by subtracting signals due to cis isomer) &

7.35-7.23 (m, 4H), 7.19-7.11 (m, 4H), 6.97-6.93 (m, 2H), 6.55 (t, J/ = 5.5 Hz, 1H), 3.98-
3.96 (br s, 1H), 3.05-3.03 (m, 1H), 2.67 (s, 6H), 2.20-2.17 (m, 2H), 2.16-1.34 (m, 11H)

ppm,; 13C NMR (125 MHz, CDCl,) § 148.1, 139.2, 128.7, 121.9, 120.3, 63.8, 43.9, 43.4,
34.1,31.4,30.7,28.5, 264, 23.6 ppm.
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cis-and trans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]butanal

(N-benzoylhydrazone) (186d)

NHNPh, NHNPh,
H H
AW
*NHCOPh “*NHCOPh
186di 186dii

Benzoylhydrazine (33.7 mg, 0.248 mmol) and aldehyde 210 (50 mg, 0.155 mmol)
were stirred in dry CH,Cl, (1 mL) at 21 °C for 4 h. The resulting mixture was evaporated

to dryness and purified by flash chromatography (1:24, ether/CH,Cl,). Concentration of
the appropriate fractions yielded 55 mg (80%) of viscous oil; Cis Isomer: IR (neat):
3226, 3052, 2937, 2865, 1648, 1586, 1494, 1289, 1075, 1028, 909, 748, 696 crn-l; 'H
NMR (200 MHz, CDCL,) 8 9.1 (br s, 1H), 7.77-7.73 (m, 2H), 7.48-7.31 (m, 4H), 7.28-
7.16 (m 4H), 7.12-7.02 (m, 4H), 6.99-6.90 (m, 2H), 3.80-3.79 (br s, 1H), 3.28-3.25 (m,
1H), 2.31-2.27 (m, 2H), 1.88-1.35 (m, 11H) ppm; “c NMR (50 MHz, CDCl,) & 162.2,
152.2, 148.0, 148.0, 131.8, 129.0, 128.6, 127.3, 122.1, 120.3, 59.1, 44.1, 32.1, 29.6,
28.5,28.5, 25.8, 22.1 ppm; HRMS calcd. for C,gH;,N,O (M"): 440.2577. Found:

440.2578. Trans Isomer: lH NMR (500 MHz, CDCl,) (by subtracting signals due to cis
isomer), 8 8.96 (br s, 1H), 7.75-7.74 (m, 2H), 7.49-7.39 (m, 4H), 7.27-7.22 (m, 4H), 7.19-
7.09 (m, 4H), 6.97-6.92 (m, 2H), 3.70 (br s, 1H), 3.07-3.05 (m, 1H), 2.48-2.34 (m, 2H),
1.86-1.40 (m, 11H) ppm; 'C NMR (125 MHz, CDCL,) & 162.2, 152.2, 147.1, 147.1,
131.8, 129.0, 128.7, 127.2, 122.2, 120.2, 59.5, 44.1, 339, 31.2, 30.7, 30.6, 25.2, 234
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cis-and trans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl}butanal

[N-(p-toluenesulfonyl)hydrazone] (186e)

NHNPh, NHNPh,
H H
‘\\\
*NHSO,CgHsMe *NHSO,CgHsMe
186ei 186eii

p-Toluene sulfonylhydrazide (32 mg, 0.175 mmol) and aldehyde 210 (47 mg,
0.146 mmol) were stirred in ethanol (1 mL) at 21 °C for 1 h. The resulting solution was
evaporated to dryness, and purification by flash chromatography (2:5 ether/pet ether)
afforded 45 mg (63.3%) of the title compound as a faint yellow viscous oil; IR (neat)
3207, 3092, 2914, 1591, 1479, 1320, 1165, 1059, 909, 813, 748, 684 cm'l; 'H NMR (500
MHz, CDCl,) § 7.84-7.75 (m, 2H), 7.29-7.22 (m, 6H), 7.15-7.08 (m, 4H), 7.07-6.94 (m,
3H), 6.63 [t, J = 5.2 Hz (anti) (syn hidden under 7.07-6.94), 1H], 3.74 (br s, 1H), [3.23-
3.21 (m, cis), 2.99-2.96 (m, trans), 1H], 2.45-2.36 [overlapping s (cis, trans, syn, anti),
3H], 2.21-2.10 (m, 2H), 1.91-1.25 (m, 11H) ppm; 13C NMR (125 MHz, CDCl,): Cis
Isomer: [152.7, 152.2 (syn, anti)], 148.1, 143.9, 135.3, 129.5, 129.0, 127.9, 122.0, 120.3,
[59.4, 59.1 (syn, anti)], 44.1, [33.7, 32.3 (syn, anti)], 29.7, 29.6, [28.5, 28.3 (syn, anti}],
25.2, [22.1, 22.0 (syn, anti)], 21.5 ppm. Trans Isomer: [152.7, 151.2 (syn, anti)], 147.9,
143.9, 135.3, 129.6, 129.0, 128.0, 122.0, 120.1, 63.6, 43.7, 33.7, 31.3, 30.6, 29.6, [24.8,
24.7 (syn, anti)}, 23.4, 21.5 ppm; HRMS calcd. for C,,H,;,N,0O,S (M+): 490.2405. Found:

490.2445.
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cis-and trans-4-[2-(N,N-Diphenylhydrazino)cyclopentyl]lbutanal

[N-(2,4,6-trimethylbenzenesulfonyl)hydrazone] (186f)

NHNPh, NHNPh,
H H
RA\Y
I (5 Y
"NHSO0,CgHoMes “NHS0,CgHaMes
186fi ‘ 186fii

2, 4, 6-Trimethylbenzenesulfonyl hydrazide (37 mg, 0.175 mmol) and aldehyde
210 (47 mg, 0.146 mmol) were stirred in ethanol (1 mL) at 21 °C for 1h. The resulting
solution was evaporated to dryness, and purification by flash chromatography (2:5
ether/pet ether) afforded 42 mg (55%) of the title compound as a faint yellow oil; IR
(neat) 3214, 2916, 1591, 1474, 1314, 1159, 1046, 852, 660 cm ; H NMR (500 MHz,
CDCl,) & 7.27-7.22 (m, 4H), 7.11-7.05 (m, 4H), 7.01-6.95 (m, 2H), 6.93-6.90
[overlapping s, 2H, (syn, anti)], 6.57 [t, J = (anti), (syn hidden under 7.01-6.95), 1H],
3.82-3.74 (br s, 1H), [3.22-3.20 (m, cis), 2.98-2.96 (m, trans) 1H], 2.67-2.60 [overlapping
s, 6H], 2.30-2.25 (s, 3H), 2.22-2.08 (m, 2H), 1.88-1.70 (m, 4H), 1.67-1.66 (m, 3H), 1.59-
1.30 (m, 4H) ppm; “c NMR (125 MHz, CDCl,) &: Cis Isomer: 151.1, 148.1, 142.7,
140.6, 132.3, 131.8, 129.0, 122.1, 120.2, 59.2, 44.0, [32.3, 32.2 (syn, anti)], 29.6, 29.5,
28.2, 25.1, 23.0, 22.0, 20.9 ppm. Trans Isomer: 151.0, 147.9, 142.7, 140.0, 132.3, 131.8,
129.0, 122.0, 120.1, 63.6, 43.8, 33.7, 31.3, 30.6, 24.5, 23 .4, 23.0, 22.0, 20.9 ppm; HRMS

caled. for C;H,N,0,S (M ): 518.2717. Found: 518.2725.
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4-Todo-1- (tert-Butyldimethylsilyloxy)butane (212)

ICH,CH,CH,CH,0TBDMS

4-Bromobutanol (2 g, 7.52 mmol) was refluxed with sodium iodide (5.62 g, 37.6
mmol) in acetone (30 mL) for 24 h. Precipitated salt (NaBr) was filtered off and washed
with ether and the filtrate was concentrated. Purification by column chromatography (1:9,
CH,Cl/pet ether) afforded 2.16 g (92%) of the title compound as faint yellow oil; IR
(neat) 2941, 2858, 1468, 1254, 1224, 1099, 838, 776 cm™'; 'H NMR (200 MHz, CDCls)
83.60 (t, J=6.1 Hz, 2H), 3.18 (t, / = 6.9 Hz, 2H), 1.99-1.83 (m, 2H), 1.61-1.54 (m, 2H),
0.85 (s, 9H), 0.01 (s, 6H); *C NMR (50 MHz, CDCl;) 8 61.8, 33.4, 30.1, 25.9, 18.2, 7.0,
-5.3; HRMS calcd for C¢H 4JOSi (M*-2-Bu): 256.9859. Found: 256.9840.

2-(4-t-Butyldimethylsilyloxybutyl)cyclopentanone (213)

O

é/\/\/msoms

n-Butyllithium (14.35 mL of 2.5 M soln., 35.8 mmol) was added dropwise to a
cold solution (-78 °C) of diisopropylamine (4.16 g, 41.11 mmol) in dry THF (42.6
mL).This solution was stirred for 15 min., and then cyclopentanone (2.7 g, 33.12 mmol)
was added as a solution in THF (21.2 mL) and stirred for 20 min. To this solution ,
HMPA (27.73 mL, 163.8 mmol) was added, followed by dimethyl zinc (16.3 mL of IM
soln, 16.3 mmol) and compound 212 (2.6 g, 8.28 mmol) as a solution in THF (32.2 mL).
The reaction mixture was stirred at -78 °C for 4 h and then warmed to room temperature.
The reaction was quenched with aqueous NH,CI solution (50 mL) and extracted with
ether (3x150 mL). The combined organic extracts were washed with brine (3 x 50 mL),
dried and concentrated in vacuo. The resultant oil was purified by flash chromatography

(6% ether/ pet ether) to afford 1.34 g (60%) of the title compound as a clear colorless oil;
IR (neat) 2942, 2859, 1740, 1465, 1360, 1253, 1152, 1100, 1006, 840, 776 crn'l; lH NMR
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(500 MHz, CDCL,) § 3.57 (t, J = 6.45 Hz, 2H), 2.29-2.16 (m, 2H), 2.10-1.94 (m, 3H),
1.78-1.72 (m, 2H), 1.54-1.50 (m, 3E), 1.45-1.31 (m, 2H), 1.26-1.20 (m, 1H), 0.85 (s,
9H), 0.01 (s, 6H) ppm; C NMR (125 MHz, CDCL,) 82213, 62.9, 49.1, 38.1, 32.7, 29.5,

294, 25.9, 23.8,20.7, 18.3, -5.3 ppm; HRMS calcd for C,,H,,0,Si (M -+-Bu): 213.1312.
Found: 213.1315. Anal. calcd. for C,JH,,0,Si: C, 66.68; H, 11.17. Found: C, 66.65; H,
10.94.

2-(4-t-Butyldimethylsilyloxybutyl)cyclopentanone-O-methyloxime (214a)

H3CO,
3 1.,
N

é/\/\/OTBDMS

Methoxyamine hydrochloride (102 mg, 1.22 mmol) was added to a solution of
ketone 213 (300 mg, 1.11 mmol) and pyridine (107 pL, 1.33 mmol) in dry ethanol (5
mL) at 0 °C. The solution was stirred at this temperature until the reaction was complete.
The resulting solution was concentrated, and purification by flash chromatography (1:20,
ether/pet ether) yielded 290 mg (87%) of the title compound as a clear colorless oil; IR

(neat) 2942, 2859, 1486, 1387, 1361, 1253, 1100, 1052, 1006, 841, 776 cm ; H NMR
(500 MHz, CDCL,) § 3.76 (s, 3H), 3.54 (t, J = 6.4 Hz, 2H), 2.46-2.35 (m, 2H), 2.28-2.21
(m, 1H), 1.92-1.86 (m, 1H), 1.77-1.64 (m, 2H), 1.57-1.41 (m, 3H), 1.39-1.24 (m, 4H),
0.83 (s, 9H), -0.01 (s, 6H) ppm; C NMR (125 MHz, CDCL,) & 167.9, [62.9, 62.8, (syn,
anti)], 61.1, [43.1, 39.7 (syn, anti)], 32.8, 32.3, 31.4, 27.5, 25.8, 23.9, 22.5, 18.2, -5.3
ppm; HRMS calcd. for C,(H;;NO,Si (M"): 299.2282. Found: 299.2286.
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2-[4-(z-Butyldimethylsilyloxy)butyl]cyclopentanone-O-benzyloxime (214b)

BnO,
1,
N

é/\/\/OTBDMS

Benzyloxyamine hydrochloride (150 mg, 0.937 mmol) was added to a stirred
solution of ketone 213 (230 mg, 0.852 mmol) and pyridine (83uL, 1.02 mmol) at O °C.
After completion of the reaction, the solution was concentrated and the residue purified
using flash chromatography (1:10, ether/pet ether). Concentration of the appropriate
fractions afforded 275 mg (86%) of the title compound as a faint yellow oil; IR
(neat):2941, 2858, 2362, 1462, 1253, 1049, 1036, 839, 776, 697 cm_l; 'H NMR (500
MHz, CDCl;) & 7.36-7.23 (m, 5H), 5.07 (s, 2H), 3.5 (t, J = 6.4 Hz, 2H), 2.57-2.34 (m,
3H), 1.97-1.70 (m, 3H), 1.62-1.45 (m, 3H), 1.39-1.29 (m, 4H), 0.89 (s, 9H), 0.04 (s, 6H)
ppm; “c NMR (125 MHz, CDCl,) & 168.7, 1304, 128.1, 127.9, 127.4, 754, [63.1, 62.9
(syn, anti)], [43.2, 40.1 (syn, anti)], [32.8, 32.7 (syn, anti)], [32.7, 31.0 (syn, anti)], [31.5,
30.6 (syn, anti)], 28.0, 25.9, [23.8, 23.6 (syn, anti)], [23.0, 22.5 (syn, anti)], 18.3, -5.3

ppm; HRMS calcd for C,,H;;NO,Si (M+): 375.2595. Found: 375.2586.
2-[4-(t-Butyldimethylsilyloxy)butyl]cyclopentanone-N-N-dimethylhydrazone (214c)

bﬁegN‘1
N

N,N-Dimethylhydrazine (77 pL, 1.02 mmo!) was added to a solution of ketone
213 (250 mg, 926 mmol) in dry CH,Cl, (1.5 mL). The resulting solution was stirred
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overnight at 40 °C. The solvent was evaporated to provide the crude product.
Purification by flash chromatography 1:1 ether/pet ether) afforded 121 mg (42%) of the
title compound as a faint yellow oil; IR (neat) 2943, 2858, 1654, 1468, 1387, 1253, 1100,

975, 840, 776; 'H NMR (500 MHz, CDCL,) 8 3.51 (t, J = 6.5 Hz, 2H), 2.47-2.41 (m, 1H),
2.38 (s, 6H), 2.35-2.20 (m, 2H), 1.88-1.61 (m, 3H), 1.55-1.17 (m, 7TH), 0.80 (s, 9H), -0.04
(s, 6H) ppm; C NMR (125 MHz, CDCL;) 8 177.3, 63.0, 46.9, 44.4, 33.0, 329, 302,

29.3, 25.8, 23.8, 22.7, 18.1, -5.38 ppm; HRMS calcd for C,;H,N,OSi (M+): 312.2598.
Found: 312.2600.

2-[4-(¢-Butyldimethylsilyloxy)butyl]jcyclopentanone-N-benzoylhydrazone (214d)

NHCOPH

I
é/\/\/msoms

Benzoylhydrazine (122 mg, 0.88 mmol) and ketone 213 (200 mg, 0.74 mmol)
were stirred in dry toluene (8 mL) at 21 °C for 4 h. The resulting mixture was

concentrated and purified by flash chromatography (1:24, ether/CH,Cl,). Concentration
of the appropriate fractions yielded 178 mg (62%) of a viscous oil; IR: (CClg) 3180,
3069, 2913, 1657, 1577, 1463, 1383, 1254, 1102 cm_l; 'H NMR (500 MHz, CDCl,) &
8.58 (br s, 1H), 7.85-7.65 (m, 2H), 7.43-7.34 (m, 3H), 3.54 (m, 2H), 2.52-2.17 (m, 3H),
2.02-1.67 (m, 4H), 1.59-1.19 (m, 6H), 0.83 (s, 9H), 0.01 (s, 6H) ppm; C NMR (50
MHz, CDCl,) 8 169.9, 163.3, 133.5, [131.4, 131.2 (syn, anti)], [128.1, 128.0 (syn, anti)],
[127.3, 127.0 (syn, anti)], 62.9, 44.7, 32.7, 32.1, 30.6, 27.6, 25.8, 23.8, 22.4, 18.1, -0.05
ppm; HRMS calcd. for C,,H,;(N,O,Si (M"): 388.2547. Found: 388.2517.
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2-[4-(t-Butyldimethylsilyloxy)butyl]cyclopentanone-N-(p-toluenesufonyl)hydrazone
(214e)

N NH80205H4M8

i

p-Toluene sulfonylhydrazide (163 mg, 0.88 mmol) and ketone 213 (200 mg, 0.74
mmol) were stirred in ethanol (3 ml) at 21 °C for 1 h. The resulting solution was
evaporated to dryness, and purification by flash chromatography (2:5 ether/pet ether)
afforded 213 mg (66%) of the title compound as a faint yellow viscous oil; IR (neat)

3212, 2911, 1660, 1597, 1461, 1398, 1369, 1254, 1166, 1096, 924, 829, 776, 679 cm
'H NMR (500 MHz, CDCL,) & 7.81 (d, J = 6.9 Hz, 2H), 7.39 (br s, 1H), 7.26 (d, J = 10.9
Hz, 2H), 3.55-3.51 (m, 2H), 2.39 (s, 3H), 2.36-2.20 (m, 2H), 2.09-2.03 (m, 2H), 1.93-
1.79 (m, 2H), 1.66-1.39 (m, 2H), 1.27-1.11 (m, 4H), 0.86 (s, 9H), 0.01 (s, 6H) ppm; C
NMR (125 MHz, CDCL,) & 169.9, 143.7, 135.9, 129.3, 128.0, 63.0, 44.7, 32.8, 31.6, 31.1,
280, 25.9, 23.5, 22.5, 21.5, 18.3, -5.2 ppm; HRMS calcd for C H,oN,0,SSi (M -
Butyl): 381.1669. Found: 381.1655.

2-(4-Hydroxybutyl)cyclopentanone-O-methyloxime (215a)

H1CO
e

Ao

Tetrabutylammonium fluoride (0.609 mL of IM soln. in THF, 0.609 mmol) was
added to a solution of oxime ether 214a (190 mg, 0.609 mmol) in dry THF (4.2 mL) at O
°C, and the resulting mixture was stirred overnight. The reaction was quenched with

water (2 mL) and extracted with ether. The combined organic extracts were washed with
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brine (2 x 10 mL), dried over anhydrous MgSO; and concentrated in vacuo. Purification
by flash chromatography (2:3, ether/hexanes) afforded 150 mg (80%) of the title
compound as a faint yellow oil; IR (neat) 3369, 2914, 2363, 1652, 1450, 1176, 1053, 873,

847 cm-l; lH NMR (200 MHz, CDCl,) & 3.79-3.60 [overlapping s, 3H (syn, anti)], 3.56-
3.44 (m, 2H), 3.06 (br s, 1H), 2.44-2.10 (m, 2H), 1.89-1.10 (m, 11H) ppm; “Cc NMR (50
MHz, CDCl,) 5 168.2, [62.0, 61.9 (syn, anti)], [42.9, 39.6 (syn, anti)], [32.3, 31.8 (syn,
anti)], [31.2, 30.4 (syn, anti)], [30.7, 30.6 (syn, anti)], 27.4, 23.5, 22.7, 22.3 ppm; HRMS
calcd for C,;H,,NO, (M"): 185.1416. Found: 185.1397.

2-(4-Hydroxybutyl)cyclopentanone-O-benzyloxime (215b)

Tetrabutylammonium fluoride (0.806 mL of 1M soln. in THF, 0.806 mmol) was
added to a solution of oxime ether 214b (275 mg, 0.733 mmol) in dry THF (5 mL) at O
°C, and the resulting solution was stirred overnight. The reaction was quenched with
water (2 mL) and extracted with ether. The combined organic extracts were washed with
brine (2 x 10 mL) and concentrated. Purification by flash chromatography (1:1, ether/pet
ether) afforded 133 mg (86.9%) of the title compound as a faint yellow oil; IR (neat)

3365, 2936, 2863, 1496, 1454, 1365, 1037, 906, 737, 698 cm ; H NMR (500 MHz,
CDCl,) & 7.34-7.23 (m, 5H), 5.03 (s, 2H), [3.56 (t, J = 6.4 Hz), 3.52 (¢, J = 6.5 Hz) 2H
(syn, anti)], 2.56-2.31 (m, 4H), 1.84-1.66 (m, 3H), 1.61-1.51 (m, 3H), 1.49-1.30 (m, 4H)
ppm; C NMR (125 MHz, CDCL,) 5 [169.0, 168.8 (syn, anti)], [138.3, 138.2 (syn, anti)],

[128.2, 128.1 (syn anti)], [127.9, 127.8 (syn, anti)], [127.5, 127.4 (syn, anti)], 75.4, [65.7,
62.4 (syn, antd)], [41.1, 39.9 (syn, anti)], [32.5, 30.1 (syn, ant?)], [31.9, 30.6 (syn, anti)],
[31.5, 30.6 (syn, anti)], 28.0, [23.5, 22.9 (syn, anti)], 22.5 ppm; HRMS calcd for:
C,(H,;NO,: 261.1729. Found: 261.1751.
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cis-and trans-2-[4-(t-Butyldimethylsilyloxy)butyl]-1-(NV,N-
dimethylhydrazino)cyclopentane (215c)

NHMe, NHMe,
OTBDMS W~_~_-OTBDMS
21S5ci 215cii

A suspension of sodium cyanoborohydride (12.6 mg, 0.199 mmol) and
dimethylhydrazone 214¢ (50 mg, 0.166 mmol) and a few milligrams of Bromocresol
Green in dry MeOH (1 mL) were stirred under nitrogen in a round bottom flask. A
solution of p-toluenesulfonic acid (190 mg, 1 mmol) in MeOH (1 mL) was then slowly
added at O °C to maintain the pH at 3.5, indicated by a tan colour of the indicator. The
reaction mixture was stirred at 0°C for 1 h, quenched with water, extracted with ether (3 x
10 mL). The combined organic extracts were washed with brine (2 x 3 mL), dried with
anhydrous MgSO,, filtered and concentrated in vacuo.  Purification by flash

chromatography (1:1, ether/ pet ether) afforded 25 mg (50%) of the title compound as a
faint yellow viscous oil; IR (meat) 3395, 2909, 2361, 1464, 1253, 1100, 839, cmﬁl; lH
NMR (500 MHz, CDCl,) 6 3.59-3.55 [overlapping t, 2H (cis, trans)], [3.22-3.20 (m, cis),
2.93-2.89 (m, trans), 1H], [2.40, 2.41, s (cis, trans), 6H], 1.87-1.20 (m, 13 H), 0.86 (s,
9H), 0.01 (s, 6H) ppm; C NMR (125 MHz, CDCL,) 8 [64.0, 59.6 (cis, trans)], [63.2,

63.0 (cis, trans)], [47.6, 46.9 (cis, trans)), [44.2, 43.4 (cis, trans)], [34.5, 33.5 (cis,
trans)), [33.0, 31.3 (cis, trans)], [32.1, 31.1 (cis, trans)], [29.5, 28.5 (cis, trans)], 25.9,
[24.8, 24.5 (cis, trans)], [22.5, 21.8 (cis, trans)], 18.2, -5.3 ppm; FAB acc. mass calcd for

C,,H,,N,OSi (M +1): 315.2833. Found: 315.3075.
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cis-and trans-2-[4-(t-Butyldimethylsilyloxy)butyl]-1-(N-
benzoylhydrazino)cyclopentane (215d)

NHNHCOPh NHNHCOPh
OTBDMS N~ _~_-OTBDMS
215di 215dii

Sodium borohydride (40 mg, 1.12 mmol) was added to a solution of benzoyl
hydrazone 214d (220 mg, 0.563 mmol) in dry methanol (4 mL), and the resulting mixture
was stirred overnight at 21 °C. The reaction was quenched with acetone (3 mL) and
extracted with ether (3 x 25 mL). The combined organic extracts were washed with
brine, dried and concentrated in vacuo. Purification by flash chromatography (2%
MeOH/CH,CIl,) afforded 124 mg (56%) (1:1.2 mix of cis and trans) of the title
compound as a faint yellow oil; IR (neat) 3277, 2911, 2352, 1638, 1577, 1457, 1253,
1097, 817 cm ; 'H NMR (500 MHz, CDCL,) & 7.75-7.71 (m, 2H), 7.49-7.23 (m, 3H),
[3.59, t, J = 6.4 Hz (cis), 3.54, t, J = 6.5 Hz (trans), 2H], [3.51-3.43, m (cis), 3.17-3.10,
m, (trans) 1H], 1.89-1.15 (m, 13H), [0.86, 0.85 overlapping s (cis, trans) 9H], [0.25, 0.00
overlapping s (cis, trans) 6H] ppm, two NH protons not observed; l3C NMR (125 MHz,
CDCl,); Cis Isomer: & 167.2, 133.0, 131.6, 128.5, 126.7, 63.3, 63.1, 43.9, 33.0, 30.3,
29.3, 29.1, 25.9, 24.9, 21.8, 15.1, -5.3 ppm. Trans isomer: 6 167.1, 132.9, 131.6, 128.5,
128.5, 67.3, 63.0, 44.2, 34.5, 329, 31.2, 31.0, 25.9, 244, 23.1, 15.1, -5.3 ppm; HRMS

calcd for C,,H;¢N,O,Si (M"): 390.2704. Found: 390.2685.
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cis-and trans-2-[4-{t-Butyldimethylsilyloxy)butyl]-1-[N-(p-
toluenesulfonylhydrazino)]cyclopentane (215¢)

NHNHSO,CgHsMe NHNHSO,CgHsMe
OTBDMS W\ _~_-OTBDMS
215ei 215eii

A suspension of sodium cyanoborohydride (34 mg, 0.545 mmol) and p-
toluenesulfonylhydrazone 214e (200 mg, 0.448 mmol) and a few milligrams of
Bromocresol Green in dry THF (10 mL) were stirred under nitrogen in a round bottom
flask. A solution of p-toluenesulfonic acid (190 mg, 1.0 mmol) in THF (1 mL) was then
slowly added at O °C to maintain the pH at 3.5, indicated by a tan colour of the indicator.
The reaction mixture was stirred at 21°C for 18 h, quenched with water, and extracted
with ether (3 x 10 mL). The combined organic extracts were washed with brine (2 x 10
mL), dried with anhydrous MgSQ;, filtered and concentrated in vacuo. Purification by
flash chromatography (1:1, ether/ pet ether) afforded 100 mg (50%) of the title compound
as a faint yellow viscous oil; IR (neat) 3245, 2940, 2859, 1598, 1466, 1321, 1251, 1160,

1097, 838, 776 cm ; 'H NMR (500 MHz, CDCL,) 8 7.77 (d, J = 8.0 Hz, 2H), 7.27-7.26
(m, 2H), 3.58-3.52 (overlapping t, 2H), [3.12-3.11, m (cis), 2.78-2.76, m (trans), 1H],
[2.39, 2.36, overlapping s, (cis, trans), 3H], 1.73-1.01 (m, 13H), 0.85 (s, 9H), 0.01 (s,
6H), ppm, two NH protons were not observed; 13C NMR (125 MHz, CDCl,); Cis
Isomer: & 143.8, 135.6, 129.4, 128.1, 63.1, 62.6, 43.3, 33.0, 30.7, 29.5, 28.6, 25.9, 24.9,
21.5, 21.3, 18.3, -5.27 ppm. Trans Isomer: & 143.7, 135.6, 129.2, 128.1, 63.3, 62.2,
43.8, 34.1, 33.0, 30.5,29.2,259,24.3,22.7,21.3, 18.3, -5.3 ppm.
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cis-and trans-4-[2-(N-Methoxylamino)cyclopentyl]-1-butanol (216a)

NHOMe NHOMe
> é'“\\/\/OH
216ai 216aii

A suspension of sodium cyanoborohydride (76 mg, 1.216 mmol), O-methyloxime
2152 (150 mg, 0.811 mmol) and a few milligrams of Bromocresol Green in methanol (5
mL) were stirred under nitrogen in a round bottom flask. A solution of p-toluenesulfonic
acid (190 mg, 1 mmol) in methanol (1 mL) was then slowly added at 20 °C to maintain
the pH at 3.5, indicated by a tan colour of the indicator. The reaction mixture was stirred
at this temperature for 3 h, quenched with water, and extracted with ether (3 x 5 mL).
The combined organic extracts were washed with brine (2 x 5 mL), dried with anhydrous

MgSO;, filtered and concentrated in vacuo. Purification by flash chromatography (1:20,
ether/ pet ether) afforded 90 mg (60%) of the title compound as a clear colorless oil; IR
(neat) 3342, 2909, 1453, 1360, 1034, 833 cm'l; 'H NMR (500 MHz, CDCl,;) & 3.58-3.55

[overlapping t, (cis, trans) 2H], 3.47, 3.45 [overlapping s, (cis, trans) 3H], 3.36-3.35,
3.04-3.01 [m, 1H (cis, trans)], 1.82-1.64 (m, 3H), 1.58-1.29 (m, 8H), 1.22-1.10 (m, 2H)

ppm, NH and OH protons were not observed; 13C NMR (125 MHz, CDCI,): Cis Isomer:
S 67.3, 62.6, 61.9, 43.0, 34.5, 32.8, 31.4, 30.4, 24.7, 23.3. Trans Isomer: 62.9, 62.5,
61.6, 43.0, 32.7, 29.8, 294, 28.4, 24.7, 21.8 ppm; HRMS calcd for C10H21N02M+)3
187.1533. Found: 187.1557.
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cis-and trans-4-[2-(n-Benzyloxyamino)cyclopentyl]-1-butanol (216b)

NHOBN NHOBN
216bi 216bii

A suspension of sodium cyanoborohydride (32 mg, 0.509 mmol), O-benzyloxime
215b (133 mg, 0.509 mmol) and a few milligrams of Bromocresol Green in methanol (5
mL) were stirred under nitrogen in a round bottom flask. A solution of p-toluenesulfonic
acid (190 mg, 1 mmol) in methanol (1 mL) was then slowly added at 20 °C to maintain
the pH at 3.5, indicated by a tan colour of the indicator. The reaction mixture was stirred
at this temperature for 3 h, quenched with water, and extracted with ether (3 x 5 mL).
The combined organic extracts were washed with brine (2 x 5 mL), dried with anhydrous
MgSOq, filtered and concentrated in vacuo. Purification by flash chromatography (1:20,
ether/ pet ether) afforded 90 mg (67%) of the title compound as a clear colorless oil; IR
(neat) 3353, 2910, 2361, 1453, 1361, 1035, 742, 6987 cm—l; 'H NMR (500 MHz, CDCl,)

§ 7.34-7.23 (m, 5H), 4.69, 4.67 [s, 2H (cis, trans)], 3.60-3.56 [overlapping s, 2H (cis,
trans, syn, anti)l, [3.43-3.42 (m, cis), 3.12-3.09 (m, trans) 1H], 1.85-1.13 (m, 14H) ppm,
NH proton not observed; “c NMR (125 MHz, CDCL,): Cis Isomer: 6 137.9, 128.3,
128.1, 127.6, 76.3, 67.5, 62.7, 43.0, 34.5, 32.8, 31.4, 30.6, 24.3, 23.4 ppm; trans Isomer:
§ 137.9, 128.3, 128.2, 127.6, 75.4, 63.0, 62.6, 43.1, 34.5, 29.8, 29.5, 28.5, 24.7, 21.8

ppm; HRMS calcd for Cl6H25N02(M+): 263.1886. Found: 263.1861.
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5-Phenylselenononanedial-[1-N-(2-phenyl-N-aziridinyl)hydrazone]-9-N,N-

diphenylhydrazone (181b)

phaN . ’N
IN SePh hi Ph

H H

Diphenyl diselenide (122 mg, 0.392 mmol) and sodium hydride (34 mg, 0.82
mmol, 60% dispersion in mineral oil) were placed in an oven dried, two necked flask.
The flask and its contents were evacuated (oil pump) and flushed with nitrogen five
times. Dry THF (1.5 mL) was added to the contents of the flask using a syringe the
mixture was refluxed for 45-60 min. To the resulting light yellow suspension of the
sodium phenylselenide, compound 182g was added slowly (270 mg, 0.523 mmol) and
refluxed for 3 h. The reaction was quenched by methanol (2 mL) and extracted with
ether (3 x 20 mL). The combined organic extracts were washed with saturated NaCl
solution (2 x 5 mL) and dried over anhydrous MgSO, and dried in vacuo. Purification by
column chromatography (2:3 ether/pet ether) afforded 186 mg (65%) of the desired
compound as a faint yellow oil; IR (neat) 3059, 3033, 2937, 1596, 1495, 1455, 1299,

1210, 1066, 747, 697 cm’; 'H NMR (500 MHz, CDCL,) §7.94 (t, J = 5.6 Hz, 1H), 7.48-
7.45 (m, 2H), 7.33-7.13 (m, 12H), 7.08-7.01 (m, 6H), 6.45 (t, J = 5.2 Hz, 1H), 3.11-
3.10(m, 1H), 2.92 (d , J = 4.89 Hz, 1H), 2.38-2.32 (m, 1H), 2.25-2.11 (m, 5H), 1.70-1.52
(m, 8H) ppm; 3C (125 MHz, CDCly) § 162.5, 144.2,139.1, 138.5, 134.8, 129.6, 129.1,
128.9, 128.3, 127.3, 127.1, 126.3, 123.8, 122.3, 45.9, 43.6, 40.0, 34.8, 34.8, 32.3, 32.2,
25.6, 24.3; FAB accurate mass calcd. for CssH3oNiSe (M" + 1): 595.2340. Found:
595.2680. )
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e—-Caprolactol (258)

OH

Following the procedure for the preparation of lactol 195, e-Caprolactone (5.0
mL, 5.2 g, 45.3 mmol) in toluene (50 mL) was treated at —78 °C with DIBALH (36.5 mL,
1.5 M solution in toluene, 54.8 mmol). Workup and purification as described for lactol
195, gave 258 (4.2 g, 79%) as a faint yellow oil; IR (neat, cm™) 3409, 2906, 1725, 1458;
'H NMR (200 MHz, CDCl3) § 9.64 (t, J = 1.6 Hz, 1H), 4.65 (brs, 1H), 3.52 (t, J = 6.2
Hz, 2H)), 2.37-2.29 (m, 2H), 1.97-1.23 (m, 7H) ppm; "*C NMR (50 MHz, CDCl;) &
202.2, 62.4, 43.8, 32.3, 25.3, 21.7 ppm; HRMS calcd. For C¢H[20> (M"): 116.0834.
Found: 116.0809.

6-Hydroxyhexanal-N,N-diphenylhydrazone (260)

PhoN_
N

H

Lactol 258 (10.0 g, 86.2 mmol) in methanol (500 mL) was added dropwise to a
solution of Ph,NNH, (14 g, 76.3 mmol) in methanol (500 mL) and the reaction was
stirred at 21 °C overnight. Concentration gave a purple oil, which was purified by flash
chromatography. The silica gel was deactivated by washing first with a 1 % solution of
EtN added to the eluting solution 50% ethyl acetate/petroleum ether. After packing the
column, fresh eluting solvent was used that did not comtain Et3N. Concentration of the
appropriate fractions yielded 20.3 g (94 %) of the title alc:ohol as a faint yellow oil;

IR (neat, cm’™) 3354, 3060, 2932, 2858, 1592, 1493, 1302, 1210, 749, 698; 'H NMR (200
MHz, CDCl3) & 7.39-7.31 (m, 4H), 7.14-7.06 (m, 6H), 6.52 (t, J = 5.3 Hz, 1H), 3.60 (t, J
= 6.4 Hz, 2H), 2.98 (br s, 1H), 2.32-2.22 (m, 2H), 1.60-1 .36 (m, 6H), ppm; 3C NMR (50
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MHz, CDCls) & 144.1, 139.8, 129.5, 123.7, 122.2, 62.4, 32.5, 32.3, 26.6, 25.2 ppm;
HRMS calcd. For C1sH2N-O (M"): 282.1727. Found: 282.1734.

Hexanedial-6(N,N-diphenylhydrazone) (262)

PhoN_
N

S,

o

Following the procedure for the preparation of aldehyde 191, alcohol 260 (6.78 g,
2.4 mmol) was dissolved in DMSO (30 mL) and Et;N (2.7 mL). The mixture was then
treated with SO3.Py (1.14 g, 7.2 mmol) in DMSO (10 mL). After purification, 5.57 g
(83 %) of the title compound was obtained as light yellow oil; IR (neat, cm™') 3426, 3046,
2901, 2720, 1725, 1593, 1491, 1302, 1210, 748, 698 cm’!; 'TH NMR (200 MHz, CDCls)
89.74 (t, J = 1.8 Hz, 1H), 7.38-7.30 (m, 4H), 7.15-7.03 (m, 6H), 6.49 (t, J = 5.3 Hz, 1H),
2.44 (dt, J; = 7.0 Hz, J» = 1.5 Hz, 2H), 2.33-2.23 (m, 2H), 1.70-1.52 (m, 4H) ppm; Bc
NMR (50 MHz, CDCls) § 202.4, 144.2, 138.9, 129.6, 123.9, 122.3, 43.6, 32.3, 26 .4, 21.6
ppm; HRMS calcd. for CsH20N-0 (M"): 280.1571. Found: 280.1562.

3-Iodo-1- (tert-butyldimethylsilyloxy)propane (263)

ICH,CH,CH,0TBDMS

3-Bromopropanol (10 g, 71.9 mmol) was refluxed with sodium iodide (42 g, 280
mmol) in acetone (300 mL) for 24 h. Precipitated salt (NaBr) was filtered off and
washed with ether and the filtrate was concentrated. The resulting 3-iodopropane (14.5
g, 78.3 mmol) was then treated with imidazole (10.6 g, 155 mmol) followed by -
butyldimethylsilyl chloride (17.7 g, 117 mmol) in dry CH>Cl> (400 mL). The reaction

mixture was stirred at 21 °C for 5 h and then quenched with aqueous NH,Cl solution

165



(100 mL) and extracted with ether (3x300 mL). The combined organic extracts were
washed with brine (3 x 75 mL), dried and concentrated. Purification by column
chromatography (petroleum ether) afforded 18 g (72%) of the title compound as faint
yellow oil; IR (neat) 2943, 2858, 1468, 1361, 1253, 1181, 1137, 1101, 1052, 835, 777
cm™; 'H NMR (200 MHz, CDCl3) §3.63 (t, J = 5.6 Hz, 2H), 3.24 (1, J = 6.6 Hz, 2H),
1.98-1.92 (m, 2H), 0.86 (s, 9H), 0.04 (s, 6H); °C NMR (50 MHz, CDCl3) § 62.2, 36.0,
32.0, 18.2, 3.6, -5.3; HRMS calcd for CsH,,IOSi (M"™-t-Bu): 242.9360. Found: 242.9524.

5-Hydroxy-8-(tert-butyldimethylsilyloxy)octanal-N,N-diphenylhydrazone (264)

PhoN_
N OH

J\/\/l\/\/
OTBDMS
H

ICH2CH2CH20OTBS (2.35 g, 7.14 mmol} ir dry ether (30 mL) was added to a
cold solution (-78 °C) of #-BuLi (11.78 mL of 1.33 M soln, 15.70 mmol) in ether (90
mL). The resulting solution was stirred for 30 min then aldehyde 191 (1.9 g, 7.14 mmol)
was added as a solution in ether (30 mL). The reaction was stirred at -78 °C for 20 min.
and then warmed to room temperature. The reaction was quenched by saturated aqueous
NH4CI (25 mL) solution and the aqueous layer was extracted with ether (3 x 50 mL).
The combined organic extracts were washed with saturated aqueous NaCl solution (30
mL), dried over anhydrous MgSO,, filtered and concentrated in vacuo. The resultant oil
was purified by flash chromatography (1:3, ether/pet ether) to obtain 2.2 g (70%) of the
title compound as a faint yellow oil; IR (neat) 3392, 3061, 2907, 1593, 1482, 1383, 1301,
1253, 1210, 1065, 836, 697 cm™'; '"H NMR (500 MHz, CDCls) §7.47-7.32 (m, 4H), 7.13-
7.05 (m, 6H), 6.52 (t, J = 5.3 Hz, 1H), 3.67-3.59 (m, 3H), 2.61 (br s, 1H), 2.30-2.26 (m,
2H), 1.67-1.40 (m, 8H), 0.88 (s, 9H), 0.05 (s, 6H); “C (125MHz, CDCl)
5 144.3, 139.8, 129.6, 123.7, 122.2, 71.1, 63.4, 36.8, 34.6, 32.6, 29.1, 25.9, 23.3, 18.2, -5
.4; Fab acc. mass calcd. for C,¢H, N,0,Si (M" + 1): 441.2939. Found: 441.2977.
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6-Hydroxy-9-(tert-butyldimethylsilyloxy)nonanal-N,N-diphenylhydrazone (265)

PhyN,_

N
I
H OTBDMS

OH

ICH2CH2CH2OTBS (2.34 g, 7.80 mmol) in dry ether (30 mL) was added to a
cold solution (-78 °C) of r-BuLi (11.30 mL, 15.62 mmol) in ether (90 mL). The
resulting solution was stirred for 30 min. then aldehyde 262 (2 g, 7.09 mmol) was added
as a solution in ether (30 mL). The reaction was stirred at -78 °C for 20 min. and then
warmed to room temperature. The reaction was quenched by saturated aqueous NH4CI
(25 mL) solution and the aqueous layer was extracted with ether (3 x 50 mL). The
combined organic extracts were washed with saturated aqueous NaCl solution (30 mL),
dried over anhydrous MgSO,_ filtered and concentrated in vacuo. The resultant oil was
purified by flash chromatography (1:3, ether/pet ether) to obtain 2.65 g (82%) of the title
compound as a faint yellow oil; IR (neat) 3393, 3061, 2909, 1593, 1478, 1382, 1302,
1253, 1210, 1065, 836 cm™'; '"H NMR (200 MHz, CDCl3) §7.38—7.29 (m, 4H), 7.13-7.05
(m, 6H), 6.52 (t, J = 5.3 Hz, 1H), 3.67-3.56 (m, 3H), 2.71 (br s, 1H), 2.29-2.26 (m, 2H),
1.63-1.37 (m, 10H), 0.89 (s, 9H), 0.06 (s, 6H); ’C (50 MHz, CDCl; )
§144.2,139.8, 129.5, 123.6, 122.2, 71.1, 63.4, 37.1, 34.5, 32.6, 29.0, 27.0, 25.8, 25.3, 18.
2, —5.4; Fab acc. mass calcd. for C,,H,;N,0,Si (M" + 1): 455.3085. Found: 455.3314.

8-(tert-Butyldimethylsilyloxy)-S-(triisopropylsyliloxy)octanal-N, N-
diphenylhydrazone (266)

PhoN

N

oTIPS

J\/\)\/\/OTBDMS
H

TIPSOTS (10.06 mL, 38.0 mmol) and collidine (5.3 mL, 38.0 mmol) were added
to the solution of alcohol 264 (10.9 g, 24.77 mmol) in dry CH>Cl, (145 mL) at room
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temperature. The resulting mixture was allowed to stir at this temperature overnight.
The reaction was quenched with aqueous NH,CI (150 mL) solution and the aqueous layer
was extracted with ether (3 x 200 mL). The combined organic extracts were washed with
saturated aqueous NaCl solution (100 mL), dried over anhydrous MgSO,, filtered and
concentrated in vacuo. Purification by flash chromatography (1:49 ether/pet ether)
yielded 11.8 g (80%) of the title compound as faint yellow oil; IR (neat) 2942, 2164,
1594, 1495, 1465, 10867 837, 747, 692 cm™; "H NMR (500 MHz, CDCl3) 7.37-7.34 (m,
4H), 7.13-7.08 (m, 6H), 6.53 (t, J = 5.3 Hz , 1H), 3.87-3.83 (m, 1H), 3.63-3.58 (m, 2H),
2.29-2.28 (m, 2H), 1.55-1.48 (m, 8H), 1.06 (s, 21H), 0.91 (s, 9H), 0.05. (s, 6H): C NMR
(125 MHz, CDCls) 144.3, 139.7, 129.5, 123.7, 122.3, 71.8, 63.9, 35.9, 32.8, 32.6, 28.1,
25.9,22.4,18.2, 18.1, 12.6, -5.3; HRMS calcd. for C3sHsN>0-Si (M"): 596.4196; found:
596.4192. Anal. calcd. for C;HgN,O,Si: C, 70.41; H, 10.13; N, 4.69. Found: C, 70.58;

H,9.97; N, 4.75.

9-(tert-Butyldimethylsilyloxy)-6-(triisopropylsyliloxy)nonanal-N,N-
diphenylhydrazone (267)

Ph,N

~

H OTBDMS
OTIPS

TIPSOTS (7.6 mL, 28.68 mmol) and collidine (4 mL, 28.68 mmol) were added to
the solution of alcohol 265 in dry CH>Cl» (110 mL) at room temperature. The resulting
mixture was allowed to stir at this temperature overnight. The reaction was quenched
with aqueous NH,CI (150 mL) solution and the aqueous layer was extracted with ether (3
x 200 mL). The combined organic extracts were washed with saturated aqueous NaCl
solution (100 mL), dried over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification by flash chromatography (1:49 ether/pet ether) yielded 9.7 g (85%) of the
title compound as faint yellow oil; IR (neat) 2940, 2863, 1594, 1495, 1464, 1301, 1252,
1211, 1086, 882, 776, 699 cm™; 'H NMR (500 MHz, CDCl3) 7.36-7.32 (m, 4H), 7.12-
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7.06 (m, 6H), 6.52 (t, J = 5.3 Hz , 1H), 3.83 (m, 1H), 3.61-3.55 (m, 2H), 2.29-2.25 (m,
2H), 1.55-1.44 (m, 8H), 1.36-1.32 (m, 2H), 1.04 (s, 21H), 0.88 (s, 9H), 0.03. (s, 6H) Pc
NMR (125 MHz, CDCls) 144.3, 139.9, 129.5, 123.7, 122.3, 71.9, 63.4, 36.2, 32.7, 32.6,
28.1, 27.3, 259, 24.4, 182, 18.1, 12.6, -5.3; HRMS calcd. for C;H,,N,0,Si (M"):
610.4353; found: 610.4369. Anal. calcd. for C;cH,N,0-Si: C, 70.76; H, 10.23; N, 4.50.
Found: C, 71.0; H, 10.31; N, 4.61.

8-Hydroxy -5-(triisopropylsilyloxy)-octanal-N,N-diphenylhydrazone (268)

PhoN_
N oTiIPS

J\/\/l\/\/
OH
H

Pyridinium p-toluene sulfonate (3.8 g, 14.76 mmol) was added to the solution of
the compound 266 (11.0 g, 18.45 mmol) in ethanol (99%, 145 mL) at room temperature,
and the resulting mixture was stirred at 21 °C overnight. The reaction was quenched with
aqueous NaHCO, (50 mL) solution and the aqueous layer was extracted with ether (3 x
200 mL). The combined organic extracts were washed with brine (2 x 50 mL), dried over
anhydrous MgSO,, filtered and concentrated in vacuo. Purification by flash
chromatography (3:7 ether/pet ether) yielded 7.5 g (84.3%) of the title compound as a
clear colorless oil: IR (neat) 3359, 2909, 1593, 1478, 1378, 1301, 1210, 1060, 883, 748,
677 cm’'; '"H NMR (200 MHz, CDCL3) § 7.46-7.29 (m, 4H), 7.14-7.03 (m, 6H), 6.50 (t, J
= 5.2 Hz, 1H), 3.89-3.72 (m 1H), 3.64-3.59 (m, 2H), 2.27-2.24 (m, 2H), 2.07-2.01 (br s
1H), 1.64-1.46 (m, 8H), 1.03 (s, 21H); C NMR (50 MHz, CDCl;) 144.2, 139.4, 129.6,
123.8, 1223, 71.3, 63.2, 35.5, 32.7, 32.6, 27.6, 22.6, 18.1, 12.5; HRMS calcd. for
C,oH,(N,O,Si (M"): 482.3331. Anal. calcd. for C,,H,(N,0:Si: C, 72.15; H, 9.60; N,
5.80. Found: C, 72.38; H, 9.54; N, 5.64.

169



9.Hydroxy -5-(triisopropylsilyloxy)nonanal-N,N-diphenylhydrazone (269)

PhoN_
N

|
H OH

OTIPS

Pyridinium p-toluene sulfonate (3.28 g, 12.72 mmol) was added to the solution of
the compound alcohol 267 (9.70 g, 159 mmol) in ethanol (99%, 135 mL) at room
temperature, the resulting mixture was stirred at 21°C overnight. The reaction was
quenched with aqueous NaHCO, (50 mL) solution and the aqueous layer was extracted
with ether (3 x 200 mL). The combined organic extracts were washed with brine (2 x 50
mL), dried over anhydrous MgSO,_ filtered and concentrated in vacuo. Purification by
flash chromatography (3:7 ether/pet ether) yielded 6.2 g (79%) of the title compound as a
clear colorless oil: IR (neat) 3361, 2939, 2865, 1593, 1494, 1461, 1060, 883, 747, 689
cm™: 'H NMR (200 MHz, CDCls) & 7.39-7.30 (m, 4H), 7.14-7.04 (m, 6H), 6.52 (t, J =
5.2 Hz, 1H), 3.89-3.86 (m 1H), 3.59-3.56 (m, 2H), 2.32-2.22 (m, 3H), 1.65-1.41 (m, 8H),
1.36-1.20 (m, 2H), 1.03 (s, 21H); *C NMR (50 MHz, CDCls) 144.2, 139.7, 129.6, 123.7,
122.2, 71.8, 63.2, 358, 32.6, 32.6, 27.5, 27.1, 24.6, 18.1, 12.5; HRMS calcd. for
C3H, gN,0,Si (M"): 496.3487. Found: 496.3509. Anal. caled. for C;H, ¢N,0,Si: C,
72.53: H,9.74; N, 5.60. Found: C, 72.34; H, 9.87; N, 5.71.

4-(Triisopropylsilyloxy)octanedial-8-(N,N-diphenylhydrazone) (270)

Ph,N_
N OTIPS

| H
H

o

A suspension of pyridine.SO3 complex (6.9 g, 43.6 mmol) in DMSO (40 mL)

was added to a solution of alcohol 268 (5.8 g, 11.71 mmol), and triethylamine (13.14 mL,
94.17 mmol) in DMSO (10 mL) at room temperature. After consumption of the alcohol
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the reaction was poured into a separatory funnel containing water and ethyl acetate B x
150 mL) and the combined organic extracts were washed with brine (2 x 50 mL) dried
over anhydrous MgSO,, filtered and concentrated in vacuo. Purification by flash
chromatography (1:9 ether/pet ether) yielded 4.5 g (78.9%) of the title compound as a
faint yellow oil; IR (neat) 2908, 2718, 1725, 1592, 1481, 1379, 1301, 1061, 883, 748, 675
cm™'; '"H NMR (500 MHz, CDCl; ) § 9.78 (s, 1H), 7.49-7.32 (m, 4H), 7.23-7.07 (m, 6H),
6.54 (t, J =5.1 Hz, 1H), 3.96-3.93 (m, 1H), 2.59-2.45 (m, 2H), 2.32-2.29 (m, 2H), 1.96-
1.75 (m, 2H), 1.59-1.51 (m, 4H), 1.05 (s, 21 H); 13C NMR (125 MHz, CDCl3) & 202.1,
144.3, 139.0, 129.6, 123.8, 122.3, 709, 39.1, 35.9, 32.6, 28.1,22.5, 18.2, 12.7; HRMS
calcd. for C,oH,,N,0,Si (M"): 480.3173. Found; 480.3190.

4-(T riisopropylsilyloxy)nonanedial-9-(N,N-diphenylhydrazone) 271)

PhoN_
N

|
H H

OTIPS

A suspension of pyridine.SO3 complex (5.65 g, 11.71 mmol) in DMSO (40 mL)
was added to a solution of the alcohol 269 (5.8 g, 11.71 mmol), and triethylamine (13.14
mL, 94.17 mmol) in DMSO (10 mL) at room temperature. After consumption of the
alcohol the reaction was poured into a separatory funnel containing water and ethyl
acetate (3 x 150 mL) and the combined organic extracts were washed with brine (2 x 50
mL) dried over anhydrous MgSO,, filtered and concentrated in vacuo. Purification by
flash chromatography (1:9 ether/pet ether) yielded 4.5 g (78.9%) of the title compound as
a faint yellow oil; IR (neat) 2939, 2865, 1725, 1593, 1494, 1461, 1379, 1301, 1210, 1093,
1060, 883, 748, 689 cm™; 'H NMR (200 MHz, CDCl; ) 6 9.75 (s, 1H), 7.39-7.32 (m,
4H), 7.14-7.05 (m, 6H), 6.52 (t, J = 5.1 Hz, 1H), 3.92-3.87 (m, 1H), 2.54-2.46 (m, 2H),
2.33-2.23 (m, 2H), 1.89-1.71 (m, 2H), 1.57-1.17 (m, 6H), 1.05 (s, 21 H); °C NMR (50
MHz, CDCl3) & 202.5, 144.1, 139.5, 129.6, 123.7, 122.2, 70.9, 39.0, 36.1, 325, 28.0,
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27.0, 245, 18.1, 12.5; HRMS calcd. for C,H,N,0,Si (M"): 494.3330. Found;
494.3344. Anal. calcd. for C;jH,(N,0,Si: C, 72.82; H, 9.37; N, 5.66. Found: C, 73.0; H,
9.29; N, 5.47.

cis/trans-5-Triisopropylsilyloxy-9-phenylnon-8-eneal-(N,N-diphenylhydrazone)
(272a)

PhyN
OTIPS Ph,N
' H N OTIPS

PR H

n-Butyllithium (867 pL of 2.41 M soln., 2.09 mmol) was added to the solution
benzyltriphenylphosphonium chloride (907 mg, 2.29 mmol) in dry THF (20 mL) at 0 °C.
The resulting solution stirred at this temperature for 1 h., followed by the additior of
aldehyde 270 (1 g, 2.09 mmol) as a soln. in dry THF (10 mL). The resulting solution was
stirred at 22 °C overnight. The reaction was quenched with aqueous NH,Cl soln. 5
mL), extracted with ether (3 x 50 mL) and combined organic extracts were washed with
brine, dried and concentrated. The resultant oil was purified by flash chromatography
(1%, ether/pet ether) to afford 1.16 g (86%) of the title compound as a faint yellow oil; IR
(neat); 2940 2865, 15943 1494, 1301 1211, 1083, 964,883, 749, 698 cm™; '"H NMR (500
MHz, CDCl;) & 7.36-7.26 (m, 9H), 7.25-7.05 (m, 6H), 6.52, 6.49 [overlapping t, J = 5.1
Hz, 1H (cis, trans)], 6.38, 6.28 [overlapping d, J = 11.8 Hz, 15.9 Hz (cis, trans) 1H],
{6.21, 6.18 [dt, J = 15.8, 6.8 Hz] (trans), 5.63, 5.61 [dt, J = 11.5 Hz, 7.3 Hz] (cis), 1H},
3.91-3.83 (m, 1H), 2.38-2.18 (m, 4H), 1.70-1.47 (m, 6H), 1.04, 1.01 [s, 21H (cis, trans)];
3C NMR (125 MHz, CDCL): Trans Isomer S 144.0, 139.6, 137.8, 130.8, 129.7, 129.6,
128.4, 126.7, 125.8, 123.7, 122.3, 71.5, 36.0, 35.9, 32.8, 28.3, 22.3, 18.1, 12.6; Cis
Isomer & 144.3, 139.6, 137.6, 132.7, 129.6, 128.9, 128.6, 128.4, 126.4,123.7, 122.3, 71.6,
36.5, 35.9, 32.8, 28.3, 24.1, 18.1, 12.6; HRMS calcd. for C;sHN,OSi (M"): 554.3695
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Found: 554.3737. Anal. calcd for C;;HyN,OSi: C, 77.92; H, 9.08; N, 5.05. Found: C,
77.99; H, 9.00; N, 4.96.

cis/trans-6-Triisopropylsilyloxy-10-phenyldec-9-eneal-(V,N-diphenylhydrazone)
(273a)

PhoN, H._Ph PhaN_ Ph.__H
N N

OTIPS OTIPS

n-Butyllithium (842 puL of 2.41 M soln., 2.03 mmol) was added to the solution
benzyltriphenylphosphonium chloride (879 mg, 2.22 mmol) in dry THF (20 mL) at O °C.
The resulting solution stirred at this temp. for 1 h., followed by the addition of aldehyde
271 (1 g, 2.02 mmol) as a soln. in dry THF (10 mL).The resulting solution was stirred at
22 °C overnight. The reaction was quenched with aqueous NH,Cl soln. (25 mL),
extracted with ether (3 x 50 mL) and combined organic extracts were washed with brine,
dried and concentrated. The resultant oil was purified by flash chromatography (1%,
ether/pet ether) to afford 885 mg (77%) of the title compound as a faint yellow oil; IR
(neat); 2937, 2864, 2351, 1594, 1494, 1210, 1075, 882, 746 cm’'; 'H NMR (500 MHz,
CDCl3) & 7.36-7.25 (m, 9H), 7.20-7.02 (m, 6H), 6.52, 6.50 [overlapping t, J = 5.2 Hz, 1H
(cis, trans)], 6.38, 6.28 [overlapping d, J = 11.6 Hz, 15.8 Hz (cis, trans) 1H], {6.21, 6.17
[dt, J = 15.8, 6.8 Hz (trans)] 5.64 5.61 [dt, J = 11.8 Hz, 7.3 Hz (cis)], 1H}, 3.89-3.73 (m,
1H), 2.42-2.20 (m, 4H), 1.69-1.30 (m, 8H), 1.05, 1.03 [s, 21H (cis, trans)}; °C NMR
(125 MHz, CDCls) Trans Isomer & 144.3, 139.9, 137.8, 132.8, 130.9, 129.6, 1284,
126.7, 125.8, 123.7, 122.3, 71.7, 36.3, 35.9, 32.6, 28.3, 27.3, 244, 18.1, 12.6; cis Isomer
S 144.3, 139.6, 137.6, 129.6, 128.9, 128.6, 128.2, 128.0, 126.4, 123.7, 122.3, 71.8, 36.5,
36.4, 32.6, 28.3, 27.3, 24.2, 18.1, 12.6; HRMS calcd. for C;(H,,N,OSi (M"): 568.3851.

Found: 568.3835.
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cis/trans 5-Hydroxy-8-phenylnon-7-eneal-(NV,N-diphenylhydrazone) (274a)

Tetrabutylammonium fluoride (2 mL of 1M solution in THF, 2.09 mmol) was
added to the solution of compound 272a (965 mg, 1.44 mmol) in dry THF (25 mlL) atO
°C and the resulting mixture was stirred overnight. The reaction was quenched with water
(10 mL) and extracted with ether. The combined organic extracts were washed with
saturated NaCl solution (2 x 20 mL), dried over anhydrous MgSO, and concentrated in
vacuo. Purification by flash chromatography (2:3, ether/pet ether) afforded 600 mg
(86.7%) of the title compound as a faint yellow oil; IR (neat); 3026, 2933, 1592, 1492,
1300 1210, 747, 697 cm™"; 'H NMR (500 MHz, CDCls) & 7.37-7.26 (m, 9H), 7.21-7.05
(m, 6H), 6.52, (t, J = 5.1 Hz, 1H), 6.39, (d, J = 16.1 Hz, 1H), {6.23,6.20 [d t, J = 15.8,
6.8 Hz, 1H), 3.68-3.65 (m, 1H), 2.37-2.25 (m, 4H), 1.67-1.42 (m, 6H), OH proton not
observed; *C NMR (125 MHz, CDCl;) § 144.2, 139.5 137.6, 130.3, 130.2, 129.6, 128.4,
126.8, 1259, 123.8, 1223, 71.1, 36.9, 36.8, 32.5, 29.4, 22.9; HRMS calcd. for
C,,H;,N,0 (M"): 398.2359. Found: 398.2360.

cis/trans-6-Hydroxy-10-phenyldec-9-eneal-(V,N-diphenylhydrazone) (275a)

PhoN_ H_. _Ph PhoN_ Ph H

N N
| I | |
H H H H

OH OH

Tetrabutylammonium fluoride (1.65 mL of IM solution in THF, 1.65 mmol) was
added to the solution of compound 273a (771 mg, 1.36 mmol) in dry THF (20 mL) at O

°C and the resulting mixture was stirred for 4 h. The reaction was quenched with water (5
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mL) and extracted with ether. The combined organic extracts were washed with
saturated NaCl solution (2 x 50 mL), dried over anhydrous MgSO, and concentrated in
vacuo. Purification by flash chromatography (2:3, ether/pet ether) afforded 458 mg
(82%) of the title compound as a faint yellow oil; IR (neat); 3386, 3826, 2927, 1593,
1493, 1301, 1210, 1074, 747, 696 cm™; 'H NMR (500 MHz, CDCls) § 7.37-7.25 (m,
9H), 7.21-7.01 (m, 6H), 6.51,6.50 [overlapping t, J = 5.2 Hz (cis, trans) 1H], 6.42, 6.39
[overlapping d, J = 15.9 Hz, 11.8 Hz (cis, trans) 1H], {6.22, 6.19 [dt, J = 15.8, 6.8 Hz
(trans)] 5.67. 5.63 [dt, J = 7.3 Hz, 11.6 Hz (cis)] 1H}, 3.64-3.36 (m, 1H), 2.49-2.21 (m,
4H), 1.67-1.24 (m, 9H); '*C NMR (125 MHz, CDCls) Trans Isomer & 144.3, 139.8,
137.6, 130.3, 130.2, 129.6, 128.4, 126.9, 125.9, 123.8, 122.3, 71.3, 37.3, 36.9, 32.6, 29.2,
27.0, 25.1; Cis Isomer & 144.3, 139.8, 137.6, 132.2, 129.3, 128.7, 128.1, 126.6, 123.8,
122.3, 71.3, 37.4, 37.2, 32.6, 29.2, 26.9, 25.2; HRMS calcd. for C,;H;,N,0 (M)
412.2516. Found: 412.2521.

4-Hydroxyoctanedial-8-(N,N-diphenylhydrazone) (280)

PhoN_
N

HJ\/\/K/\H/H

0]

Tetrabutylammonium fluoride (4.86 mL of 1M soln. in THF, 4.86 mmol) was
added to the solution of compound 270 (2 g, 4.05 mmol) in dry THF (40 mL), at O °C and
the resulting mixture was stirred overnight. The reaction was quenched with water (20
mL) and extracted with ether. The combined organic extracts were washed with
saturated NaCl solution (2 x 20 mL), dried over anhydrous MgSO, and concentrated in
vacuo. Purification by flash chromatography (2:3 ether/hexanes) afforded 476 mg (40%),
of the title compound as a faint yellow oil; IR (neat) 3385, 2923, 1592, 1493, 1456, 1301,
1209, 1040, 749 698 cm™'; '"H NMR (200 MHz, CDCl;) 6 7.48-7.27 (m, 4H), 7.21-7.09
(m, 6H), 6.50 (t, J = 5.2 Hz, 1H), 5.53-5.42 (m, 1H), 4.23-3.95 (m, 1H), 2.92-2.85 (br s,
1H), 2.37-1.35 (m, 10H); *C NMR (50 MHz, CDCl;) & 144.2, [138.7, 139.4], 129.6,
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123.8, 122.2, [98.8, 98.2], [80.7, 78.1], [36.9-35.0], [33.9, 32.6], [32.9, 32.6], [29.3,
29.4],[23.7, 23.5]; HRMS calcd. for C,,H,,N,0, (M") : 324.1839. Found: 324.1820.

4-Hydroxynonanedial-9-(N,N-diphenylhydrazone) (281)

PhoN_
N

OSSN

OH

Tetrabutylammonium fluoride (4.86 mL of 1M soln. in THF, 4.86 mmol) was
added to the solution of compound 271 (2 g, 4.05 mmol) in dry THF (40 mL), at 0 °C and
the resulting mixture was stirred overnight. The reaction was quenched with water (20
mL) and extracted with ether. The combined organic extracts were washed with
saturated NaCl solution (2 x 20 mL), dried over anhydrous MgSO, and concentrated in
vacuo. Purification by flash chromatography (2:3 ether/hexanes) afforded 820 mg (45%),
of the title compound as a faint yellow oil; IR (neat) 3382, 2912, 1593, 1478, 1300, 1208,
1034, 747 697 cm™; 'H NMR (200 MHz, CDCl3) 8 7.49-7.31 (m, 4H), 7.19-7.04 (m,
6H), 6.51 (t, J = 5.42 Hz, 1H), 4.61-3.91 (m, 1H), 2.28-1.80 (m, 6H), 1.70-1.21 (m, 8H);
13 NMR (50 MHz, CDCl;) § 144.2, 139.9, 129.6, 123.8, 122.3, [98.8, 98.2], [80.7,
78.3], 35.2, 32.6, 29.3, 27.0, 25.8, 25.6; HRMS calcd. for C, H,(N,O, (M"): 338.1995.

Found: 338.1972.
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cis/trans-5-Hydroxy-9-carbethoxynon-8-eneal-(N,N-diphenylhydrazone) (274b)

PhyN

N

OH
| H

CHCO,Et

(Carbethoxymethylene)-triphenylphosphorane (642 mg, 1.85 mmol) and benzoic
acid (14 mg, 0.14 mmol) were added to a solution of aldehyde 280 (476 mg, 1.47 mmol)
in dry toluene (13 mL)at 22 °C. The reaction mixture was stirred at 22 °C overnight.
The reaction was quenched with H2O (3 mL). The aqueous layer was extracted with
ether (3 x 20 mL) and the combined organic extracts were washed with brine, dried and
concentrated. The resultant oil was purified by flash chromatography (2:3, ether/pet
ether) to afford 394 mg (68%) of the title compound as a faint yellow oil; IR (neat); 3442,
2929, 1712, 1593, 1494, 1296, 1207, 698 cm™; 'H NMR (500 MHz, CDCls) § 7.36-
7.22 (m, 4H), 7.19-7.04 (m, 6H), 6.96(dt, J = 15.6 Hz, 6.9 Hz, 1H), 6.51 (t, J = 5.2 Hz,
1H), 5.82 (dt, J = 15.6 Hz, 1.5 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.61-3.60 (m, 1H), 2.34-
2.24 (m, 3H), 1.59-1.37 (m, 7H), 1.25 (t, J = 7.2 Hz, 3H); >C NMR (125 MHz, CDCls)
0 166.5,[149.1, 148.8], 144.2, 139.3, [129.6, 128.8], [123.8, 122.0], [122.3, 120.1], [121.
2, 120.4], [89.9, 70.1], [75.1, 60.1], 36.9, 35.5, 32.4, 29.4, 22.8, 14.2; HRMS calcd. for
C,,H;,N,O; (M"): 394.2257. Found: 394.2253.

cis/trans-6-Hydroxy-10-carbethoxydec-9-eneal-(V,N-diphenylhydrazone) (275b)

PhoN_
N

I
H H

OH

CHCO,Et

(Carbethoxymethylene)-triphenylphosphorane (905 mg, 2.6 mmol) and benzoic
acid (20 mg, 0.16 mmol) were added to a solution of aldehyde 281 (700 mg, 2.07 mmol)
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in dry toluene (18 mL) at 22 °C. The reaction mixture was stirred at 22 °C overnight.

The reaction was quenched with aqueous H20 (3 mL). The aqueous layer was extracted
with ether (3 x 20 mL) and the combined organic extracts were washed with brine, dried
and concentrated. The resultant oil was purified by flash chromatography (2:3, ether/pet
ether) to afford 506 mg (60%) of the title compound as a faint yellow oil; IR (neat); 3435,
2928, 1712, 1593, 1494, 1298, 1208, 749, 698 cm™; '"H NMR (500 MHz, CDCl3) & 7.34-
7.31 (m, 4H), 7.09-7.00 (m, 6H), 6.96 (dt, J = 15.6 Hz, 7.0 Hz, 1H), 6.52 (t, J = 5.3 Hz,
1H), 5.82 (dt, J = 15.6 Hz, 1.4 Hz, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.56-3.52 (m, 1H), 2.36-
2.12 (m, 4H), 1.59-1.37 (m, 8H), 1.25 (t, J = 7.1 Hz, 3H); °C NMR (50 MHz,
CDCl;)d 166.6, 149.0, 144.3, 139.8, 129.6, 123.8, 122.3, 121.4, 70.7, 60.1, 37.2, 35.3, 32.
5,28.4,269,25.1, 14.2; HRMS caled. for C,4H;,N,0O, (M™"): 408.2414. Found:
408.2420. Anal. calcd for C,;H;,N,0,: C, 73.50; H, 7.90; N, 6.86. Found: C, 73.29; H,

7.92; N, 6.89.

cis/trans 5-Bromo-9-phenylnon-8-eneal-1-(, N-diphenylhydrazone) (276a)

Following the general procedure for bromination of alcohol, bromine (86 uL,
1.728 mmol) and triethylamine (237 pL, 1.73 mmol) were added to a solution of
triphenylphosphine (448 mg, 1.73 mmol) in dry CH,Cl, (20 mL), followed by the
addition of alcohol 274a (567 mg, 1.44 mmol) in dry CH,CIl, (6.5 mL). Purification by

flash chromatography (4%, ether/pet ether) afforded 545 mg (82%) of the title compound
as a clear colorless oil; IR (neat); 3026, 2933, 1592, 1494, 1300 1210, 1083, 747, 697 cm’

. 'TH NMR (500 MHz, CDCl;) § 7.37-7.26 (m, 9H), 7.23-7.05 (m, 6H), 6.52, 6.49
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[overlapping t, J = 5.2 Hz, 1H (cis, trans) 1H], 6.44, 6.43 [overlapping d, J = 11.6 Hz,
15.8 Hz (cis, trans)], {6.18, 6.14 [dt, J = 15.7, 7.0 Hz] (trans), 5.62,5.59 [dt, J=11.5 Hz,
7.3 Hz] (cis), 1H}, 4.10-4.01 (m, 1H), 2.48-2.25 (m, 4H), 2.0-1.61 (m, 6H); “C NMR
(125 MHz, CDCl3) Trans Isomer & 144.2, 138.8, 137.3, 131.0, 129.6, 128.7, 128.4, 127.0,
125.9, 123.9, 122.3, 57.2, 38.6, 38.5, 31.9, 30.9, 24.8 Cis Isomer & 144.2, 138.7, 137.3,
130.7, 129.9, 129.6, 128.6, 128.1, 126.6, 123.9, 122.3, 57.2, 39.2, 38.4, 31.9, 30.9, 26.7;
HRMS calcd. for C,,H,gN,Br (M"): 460.1495. Found: 460.1518.

cis/trans-6-Bromo-10-phenyldec-9-eneal-(N,N-diphenylhydrazone) (277a)

H Ph PhyN Ph H

\N \N
| | | |
H H H H

Br Br

Following the general procedure for bromination of alcohol, bromine (57 pL, 1.14
mmol) and triethylamine (156 pL, 1.73 mmol) were added to a solution of
triphenylphosphine (295 mg, 1.14 mmol) in dry CH,Cl, (15 mL), followed by the
addition of alcohol 275a (390 mg, 0.95 mmoi) in dry CH,CI, (5 mL). Purification by
flash chromatography (4%, ether/pet ether) afforded 360 mg (80%) of the title compound
as a clear colorless oil; IR (neat); 3026, 29311, 1593, 1493, 1450, 1301, 1210, 1090, 965,
747, 696 cm™; '"H NMR (500 MHz, CDCl3) & 7.40-7.21 (m, 9H), 7.16-7.11 (m, 6H),
6.57-6.56 (m, 1H), 6.52, 6.46 [overlapping d, J = 11.9 Hz, 15.8 Hz (cis, trans) 1H],
{6.21, 6.18 [dt, J = 15.7, 7.0 Hz] (trans), 5.66, 5.63 [dt, J = 11.6 Hz, 7.3 Hz] (cis), 1H},
4.09-4.05 (m, 1H), 2.50-2.30 (m, 4H), 2.04-1.84 (m, 4H), 1.63-1.47 (m, 4H); °C NMR
(125 MHz, CDCl;) Trans Isomer & 144.3, 139.4, 137.5, 131.0, 129.6, 128.9, 1285, 127.0,
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126.0, 123.8, 122.3, 57.4, 38.9, 38.6, 32.4, 31.0, 27.0, 26.4; Cis Isomer 5 144.3, 139.4,
137.3, 130.8, 130.0, 129.6, 128.7, 128.3, 128.2, 126.7, 122.3, 57.4, 39.2, 38.8, 32.4, 31.0,
26.7, 26.3; HRMS calcd. for C,gH, N,Br (M"): 474.1651. Found: 474.1700. Anal.

calcd for C,H; N,Br: C, 63.69; H, 6.62; N, 5.94. Found: C, 64.37; H, 6.86; N, 5.69.

cis/trans-5-Bromo-9-carbethoxydec-8-eneal-(V,N-diphenylhydrazone) (276b)

PhoN

hY

Br
| H

CHCO,Et

Following the general procedure for bromination of alcohol, bromine (51 pL, 1.02
mmol) and triethylamine (140 plL, 1.02 mmol) were added to the solution of
triphenylphosphine (265 mg, 1.02 mmol) in dry CH,Cl, (12 mL), followed by the
addition of alcohol 274b (335 mg, 0.85 mmol) in dry CH,Cl, (4 mL). Purification by
flash chromatography (1:9, ether/pet ether) to afford 290 mg (75%) of the title compound
as faint yellow oil; IR (neat); 2938, 1718, 15943 1493, 1293, 1203, 1092, 1047, 964,883,
749, 698 cm™; 'H NMR (500 MHz, CDCl3) & 7.36-7.32 (m, 4H), 7.12-7.04 (m, 6H), 6.89
(dt,J=15.6 Hz, 7.1 Hz, 1H), 6.48 (t, /= 5.1 Hz, 1H), 5.84 (dt, J = 15.6 Hz, 1.5 Hz, 1H),
4.16 (q, J = 7.1 Hz, 2H), 4.00-3.96 (m, 1H), 2.46-2.26 (m, 4H), 1.95-1.62 (m, 6H), 1.26
(t, J = 7.1 Hz, 3H); °C NMR (125 MHz, CDCl;) § 166.3, 147.0, 144.1, 138.5, 129.6,
123.9, 122.3, 122.2, 60.2, 56.6, 38.4, 37.1, 31.8, 30.1, 2.7, 14.2; HRMS calcd. for
C,,H,N,O,Br (M"): 456.1413. Found: 456.1419
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cis/trans-6-Bromo-10-carbethoxydec-9-eneal-(N, N-diphenylhydrazone) (277b)

PhoN_
N
|

H H
Br

CHCO,Et

Following the general procedure for bromination of alcohol, bromine (67 uL, 1.34
mmol) and triethylamine (184 pL, 1.34 mmol) were added to the solution of
triphenylphosphine (347 mg, 1.34 mmol) in dry CH,Cl, (15 mL), followed by the
addition of alcohol 275b (455 mg. 1.12 mmol) in dry CH,CI, (5 mL). Purification by
flash chromatography (1:9, ether/pet ether) to afford 367 mg (70%) of the title compound
as a faint yellow oil; IR (neat); 2931, 2352, 1718, 1593, 1495, 1302, 1209, 1092, 749, 698
cm™; 'TH NMR (500 MHz, CDCl3) d 7.36-7.32 (m, 4H), 7.11-7.04 (m, 6H), 6.89 (dt, J =
15.6 Hz, 7.1 Hz, 1H), 6.51 (t, / = 4.9 Hz, 1H), 5.84 (dt,J = 15.5 Hz, 1.5 Hz, 1H), 4.16 (q,
J =7.1 Hz, 2H), 3.97-3.94 (m, 1H), 2.46-2.25 (m, 4H), 1.95-1.78 (m, 4H), 1.57-1.44 (m,
4H), 1.26 (t, J = 6.9 Hz, 3H); °C NMR (125 MHz, CDCl;) § 166.3, 147.1, 144.2, 139.3,
129.6, 123.8, 122.3, 122.3, 60.2, 56.7, 38.8, 37.1, 32.3, 30.1, 27.0, 26.3, 14.2; HRMS
caled. for C,oH; N,O,Br (M*): 470.1570. Found: 470.1544.

cis/trans -2-(4-Phenyl-3-butenyl)-1-(V,N-diphenylhydrazino)-cyclopentane (284a)

PhaN_ PhN
NH  H _ph *“NH  H._pn
D ol
H H
284ai 284aii

Following the general procedure for the syringe pump radical reactions, bromide 276a

z(100 mg, 0.21 mmol) was dissolved in dry benzene (15 mL) and then treated with
Bu3SnH (79.4 pL, 0,26 mmol) and AIBN (9 mg). The reaction mixture was then
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refluxed for two h, cooled to 21 °C and then concentrated under reduced pressure. The
residue was dissolved in diethyl ether (5 mL) and stirred with saturated aqueous
potassium fluoride solution (4 mL) at 21 °C. Filtration and extraction with diethyl ether
followed by drying over anhydrous MgSO, and concentration gave a crude mixture,
which was analyzed by 'H NMR spectroscopy to determine the isomer ratios.
Purification by flash chromatography (3:97 ether/pet ether) afforded 45 mg (54 %) of the
title compound as faint yellow oil; IR (neat); 3025, 2955, 2351, 1592, 1494, 1291, 1028,
747, 695 cm’; 'H NMR (500 MHz, CDCl;) & 7.35-6.99 (m, 15H), 6.34, 6.28
(overlapping d, J = 6.9 Hz, 9.1 Hz, 1H), [6.17, 6.15 (dt, J = 16.0 Hz, 6.9 Hz), 1H], 3.95-
3.85 (brs, 1H), [3.31-3.29, 3.12-3.02 m (cis, trans) 1H], 2.26-2.0 (m, 2H), 1.96-1.79 (m,
2H), 1.68-140 (m, 6H); C NMR (125 MHz, CDCl;) 5[148.2, 148.0 (cis,
trans)], [137.8, 137.7 (cis, trans)], [130.7, 130.6 (cis, trans)], [130.0, 129.7 (cis, trans)],
[129.8, 129.7 (cis, trans)], 129.0, [128.6, 128.5 (cis, trans)], 128.4, [126.9, 126.8 (cis,
trans)], 125.9, [63.8, 59.2 (cis, trans)], [43.7, 43.6 (cis, trans)], [34.3, 32.1 (cis, trans)],
{31.6, 31.5 (cis, trans)], [30.7, 29.8 (cis, trans)], [29.6, 28.8 (cis, trans)], [23.6, 22.2 (cis,
trans)]; HRMS calcd. for C,,H,,N, (M"): 382.2410. Found: 382.2423.

cis/trans -2-(4-Carbethoxy-3-butenyl)-1-(N,N-diphenylhydrazine)-cyclopentane

(284b)
PhoN, Ph,N
“NH Ha__co,Eet ZoNH Ho_coet
L K
H H
284bi 284bii

Following the general procedure for the syringe pump radical reactions, bromide
276b (90 mg, 0.19 mmol) was dissolved in dry benzene (25 mL) and then treated with
Bu3sSnH (62.4 pl, 0,24 mmol) and AIBN (9 mg). The reaction mixture was then
refluxed for two h, cooled to 21 °C and then concentrated under reduced pressure. The

residue was dissolved in diethyl ether (5 mL) and stirred with saturated aqueous
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potassium fluoride solution (4 mL) at 21 °C. Filtration and extraction with diethyl ether
followed by drying over anhydrous MgSO, and concentration gave a crude mixture,
which was analyzed by 'H NMR spectroscopy to determine the isomer ratios.
Purification by flash chromatography (3:97 ether/pet ether) afforded 35 mg (46 %) of the
title compound as faint yellow oil; IR (neat): 2925, 2351, 1716, 1652, 1590, 1494, 1368,
1280, 1178, 1040, 749, 696 cm™'; '"H NMR (500 MHz, CDCl;) & (cis isomer) 7.36-7.32
(m, 4H), 7.28-7.23 (m, 4H), 7.11-7.10 (m, 2H), 6.89 (d t, J = 15.6 Hz, 6.9 Hz, 1H), 5.73
(dt, J=16.0 Hz, 1.5 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.90-3.80 (br s, 1H), 3.27-3.26 (m,
1H), 2.19-2.07 (;m, 2H), 1.86-1.75 (m, 4H), 1.65-1.50 (m, 5H), 1.25 (t, J = 7.0 Hz, 3H);
>C NMR (125 MHz, CDCl;) § 166.5, 148.8, 148.1, 129.0, 122.1, 121.4, 120.3, 60.1,
59.2, 43.5, 31.2, 29.8, 29.6, 27.4, 22.0, 14.2; 'H NMR (500 MHz, CDCls) & (trans
isomer) 7.35-7.320 (m, 4H), 7.18-7.03 (m, 4H), 7.11-7.10 (m, 2H), 6.83(d t, J = 15.6 Hz,
6.9 Hz, 1H), 5.70 (dt, J = 16.0 Hz, 1.5 Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.90-3.79 (br s,
1H), 3.09-3.03 (m, 1H), 2.19-1.92 (m, 2H), 1.89-1.75 (m, 4H), 1.65-1.51 (m, SH), 1.23 (t,
J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCls) § 168.6, 148.5, 148.0, 129.5, 122.1, 121.4,
120.3, 63.9, 60.1, 43.8, 33.2, 31.1, 30.9, 30.8, 22.8, 14.2; HRMS calcd. for C,,H;,N,0,
(M™): 378.2307. Found: 378.2290.

trans-2-(4-Phenyl-3-butenyl)-1-(V,N-diphenylhydrazino)-cyclohexane (285a)

PhoN_
Nogy  Ph_H

H

Following the general procedure for the radical cyclization, bromide 277a (75 mg,
158 mmol) was dissolved in benzene (15 mL) and, was treated with BuzSnH (53 uL, 174
mmol) and AIBN (4 mg). After concentration and purification of the reaction mixture,
38 mg (60%) of the title compounds were isolated as clear colorless oil; IR (neat) 3026,
2927, 2854, 2351, 1592, 1494, 1452, 1290, 747, 695 cm™; '"H NMR (500 MHz, CDCl;)
8 7.29-7.20 (m, 7H), 7.18-7.14 (m, 6H), 7.13-7.08 (m, 2H), 6.36, 6.24 [overlapping d, J

183



= 11.9 Hz, 15.8 Hz (cis, trans) 1H], {6.11, 6.08 [dt, J = 15.8, 7.0 Hz] (trans), 5.57, 5.53
[dt, J = 15.8 Hz, 7.3 Hz] (cis), 1H}, 3.71 (brs, 1H), 3.05-2.97 (m, 1H), 2.45-1.93 (m,
2H), 1.74-1.24 (m, 11H); *C NMR (125 MHz, CDCls) § 148.5, [137.7, 132.2 (cis,
trans)], 130.9, 129.8, 129.0, [128.6, 128.4 (cis, trans)], [128.0, 126.7 (cis, trans)], [126.3,
125.8 (cis, trans)], 122.1, 120.5, 56.0, 38.2, 30.9, [29.6, 28.8 (cis, trans)], 27.4, 27.1,
23.7,22.7; HRMS calcd. for C,iH,,N, (M + 1): 397.2645. Found: 397.3123.

trans-2-(4-Carbethoxy-3-butenyl)-1-(N,N-diphenylhydrazino)-cyclohexane (285b)

PhoN. H_ _CoO.Et

s O ¢
SRe

Following the general procedure for the radical cyclization, bromide 277b (100
mg, 212 mmol) was dissolved in benzene (25 mL) and, was treated with Bu3SnH (63 puL,
233 mmol) and AIBN (8 mg). After concentration and purification of the reaction
mixture, 42 mg (51%) of the title compounds were isolated as clear colorless oil; IR
(neat) 2926, 2349, 1716, 1652, 1591, 1492, 1366, 1278, 1176, 1040, 749, 696 cm™; 'H
NMR (500 MHz, CDCl3) d 7.31-7.25 (m, 4H), 7.11-7.09 (m, 4H), 7.03-6.94 (m, 2H),
6.84 (dt, J = 15.6 Hz, 6.9 Hz, 1H), 5.69 (dt, J = 15.6 Hz, 1.5 Hz, 1H), 4.16 (q, J = 7.1 Hz,
2H), 3.79-3.61 (br s, 1H), 3.05-2.91 (m, 1H), 2.25-1.85 (m, 2H), 1.75-1 .55 (m, 5H), 1.45-
1.30 (m, 6H), 1.26 (t, J = 6.9 Hz, 3H); >’C NMR (125 MHz, CDClz) § 166.7, 149.2,
148.5, 129.0, 122.3, 122.1, 120.3, 68.1, 60.1, 56.2, 38.3, 30.1, 28.9, 27.3, 23.7, 22.8,
14.2; HRMS calcd. for C,4H,,N,0, (M"): 392.2465. Found: 392.2454.
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4-(Triisopropylsilyloxy)octanedial-1-dicyano-8-N,N-diphenylhydrazone (301)

PhoN_

Voo

B-alanine (7.4 mg, 0.82 mmol) followed by malonitrile (41 mg, 0.625 mmol) were
added to a solution of the aldehyde 270 (250 mg, 0.52 mmol) in 95% ethanol (2.5 mL), at
0 °C. The reaction mixture was stirred at this temperature for 30 min and then at 20 °C
for 30 min. The reaction was quenched with aqueous NH4CI (5 mL) solution and the
aqueous layer was extracted with ether (3x20 mL). The combined organic extracts were
washed with saturated aqueous NaCl solution (10 mL), dried over anhydrous MgSO,,
filtered and concentrated in vacuo. Purification by flash chromatography (1:10 ether/pet
ether) yielded 137 mg (50%) of the title compound as a faint yellow oil; IR (neat) 3033,
2942, 2866, 2235, 1594, 1494, 1460, 1301, 1210, 1093, 1061, 883, 749, 690 cm '; 'H
NMR (125 MHz, CDCl3 ) § 7.42-7.30 (m, 4 H, and hidden t, 1H), 7.15-7.04 (m, 6H),
6.50 (t J = 5.1 Hz, 1H), 3.94-3.93 (m, 1H), 2.67-2.59 (m, 2H), 2.33-2.23 (m, 2H), 1.76-
1.46 (m, 6H), 1.04 (s, 21H); '’C NMR (50 MHz, CDCl;) & 170.2, 144.2, 139.6, 129.6,
123.8, 122.3, 112.1, 89.2, 70.9, 35.5, 33.5, 32.5, 28.0, 22.5, 18.1, 12.5; FAB accurate
mass calcd. for C32 H45 N4 O Si (M* + 1): 529.3354. Found: 529.2506.

4-(Triisopropylsilyloxy)octanedial-1,8-bis(NV,N-diphenylhydrazone) (302)

Ph?_N\
IN OTIPS
H
H |
N\
NPh,

A solution of PhoNNH; (183 mg, 1.1 mmol) was added to a stirred solution of the
aldehyde 270 (480 mg, 1.0 mmol) in MeOH (2 mL) at 20 °C. The resulting mixture was
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stirred at this temperature for 2 h. After the completion of the reaction the solvent was
evaporated and purification of the crude product with column chromatography (1:49
ether/pet ether) afforded 581 mg (90%) of the desired compound as a faint yellow oil; IR
(neat) 3081, 2741, 2805, 1502, 1498, 1457, 1301, 1210, 1091, 883, 748, 688 cm™; 'H
NMR (200 MHz, CDCls) § 7.38-7.29 (m, 8H), 7.14-7.02 (m, 12H), 6.51 (t, J = 5.0 Hz,
1H), 6.50 (t, J = 5.2 Hz, 1H), 3.86-3.84 (m, 1H), 2.36-2.22 (m, 4H), 1.74-1.50 (m, 6H),
1.02 (s, 21H); ~C (50 MHz, CDCL) § 144.2, 144.2, 139.6, 139.5, 129.6, 129.6, 123.8,
123.8, 122.3, 122.3, 71.3, 36.0, 33.3, 32.8, 28.2, 22.3, 18.2, 12.6; HRMS calcd. for
C41Hs:N4OSi (M™): 646.4068. Found: 646.4085.

4-(Triisopropylsilyloxy)nonanedial-1,9-bis(V,N-diphenylhydrazone) (303)

PhoN_ NPhy
N N

I I
H H

OTIPS

A solution of Ph,NNH; (245 mg, 1.33 mmol) in dry MeOH (2 mL), was added to
a stirred solution of the aldehyde 271 (550 mg, 1.1 mmol) in dry MeOH (3 mL) at 20 °C.
The resulting mixture was stirred at this temperature for 2 h. After the completion of the
reaction the solvent was evaporated and purification of the crude product with column
chromatography (1:49 ether/pet ether) afforded 632 mg (86 %) of the desired compound
as faint yellow oil; IR (neat) 3060, 2938, 2864, 1593, 1494, 13775, 302, 1210, 1090,
1058, 748, 696 cm™'; '"H NMR (500 MHz, CDCL3) § 7.40-7.32 (m, 8H), 7.11-7.05 (m,
12H), 6.51 ( two overlapping t, J = 5.0 Hz, 2H), 3.90-3.82 (m, 1H), 2.36-2.24 (m, 4H),
1.79-1.61 (m, 2H), 1.59-1.44 (m, 4H), 1,42-1.25 (m, 2H), 1.02 (s, 21H); °C (125 MHz,
CDCls) § 144.4 144.3, 139.9, 139.6, 129.6, 129.6, 123.7, 123.7, 122.4, 122.3, 71.3, 36.4,
334,327, 28.2,27.3,24.2, 18.2, 12.6; HRMS calcd. for C42HssN4,O Si MM"): 660.4225.
Found: 660.4218.
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4-Hydroxyoctanedial-1,8-bis(N,N-diphenylhydrazone) (304)

PhoN_

N
J\/\/K/\l/H
H |
N

“NPh,

Tetrabutylammonium fluoride (1.08 mL, 1.08 mmol) was added to a solution of
compound 302 (560 mg, 0.867 mmol) in dry THF (12.5 mL) at 0 °C and the resulting
mixture was stirred for 4 h. The reaction was quenched with water (5 mL) and extracted
with ether. The combined organic extracts were washed with saturated NaCl solution (2 x
50 mL), dried over anhydrous MgSO, and concentrated. Purification by flash
chromatography (2:3, ether/pet ether) afforded 402 mg (95%) of the title compound as
faint yellow oil; IR (neat) 3388, 3080, 2837, 2884, 1582, 1488, 1455, 1378, 11301, 1210,
1080, 749, 897 cm™; 'H NMR (200 MHz, CDCls) § 7.40-7.26 (m, 8H), 7.20-7.0 (m,
12H), 6.58 (t, J = 5.0 Hz, 1H), 6.57 (t, J = 5.3 Hz, 1H), 3.69-3.4 (m, 1H), 2.45-2.26 (m,
4H), 2.11-2.09 (br s, H), 1.74-1.45 (m, 6H); ~C (50 MHz, CDCls) § 144.2, 144.0, 139.6,
139.4, 129.6, 129.6, 123.9,123.8, 122.2, 122.2, 71.0, 36.8, 34.0, 32.5, 29.0, 23.06; HRMS
calcd. for C3;:H34N4O (M¥): 4902734. Found: 490.2705.

4-Hydroxynonanedial-1,9-bis(N,N-diphenylhydrazone) (305)

PhoN_ _NPh,
N

N
l |
H H

OH

Tetrabutylammonium fluoride (1.01 mL of IM soln. in THF, 1.01 mmol) was
added to a solution of compound 303 (560 mg, 0.846 mmol) in dry THF (12 mL), at 0 °C
and the resulting mixture was stirred overnight. The reaction was quenched with water
(5 mL) and extracted with ether. The combined organic extracts were washed with

saturated NaCl solution (2 x 5 mL), dried over anhydrous MgSO, and concentrated.
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Purification by flash chromatography (2:3 ether/hexanes) afforded 327 mg (78%), of the
title compound as a faint yellow oil; IR (neat) 3394, 3047, 2926, 1592, 1491, 1301, 1090,
748, 697 cm™; "H NMR (200 MHz, CDCls) § 7.47-7.31 (m, 8H), 7.19-7.04 (m, 12H),
6.57 (t, / = 4.9 Hz, 1H), 6.52 (t, J = 5.3 Hz, 1H), 3.63-3.60 (m, 1H), 2.44-2.24 (m, 4H),
1.93-1.92 (br s, H), 1.74-1.40 (m, 8H); °C (50 MHz, CDCls) § 144.2, 144.1 139.8,
139.4, 129.6, 129.6, 123.9,123.8, 122.3, 122.3, 71.2, 37.2, 34.0, 32.5, 29.0, 26.9, 25.2;
HRMS calcd. for C33H3sN4sO (M): 504.2891. Found: 504.2904.

4-Bromooctanedial-1,8-bis(N,N-diphenylhydrazone) (306)

PhoN,

N
)I\/\/k/\rH
H |
N

"NPh,

Following the general procedure for bromination of alcohol, bromine (50 uL,
0.816 mmol) and triethylamine (135 pl, 0.816 mmol) were added to the solution of
triphenylphosphine (257 mg, 0.816 mmol) in dry CH,Cl, (13 mL), followed by the
addition of the alcohol 304 (400 mg, 0.816 mmol) in dry CH,Cl> (4 mL). Purification by
flash chromatography (2%, ether/pet ether) afforded 360 mg (82%) of the title compound
as a clear colorless oil; IR (neat) 3046, 2934, 1592, 1492, 1300, 1210, 1063, 748, 679 cm”
'; 'TH NMR (500 MHz, CDCl;) § 7.52-7.33 (m, 8H), 7.19-7.05 (m, 12H), 6.52 ( two
overlapping t, J = 5.0 Hz, 2H), 4.14-4.09 (m, 1H), 2.55-2.50 (m, 1H), 2.49-2.40 (m, 1H),
2.39-2.25 (m, 2H), 2.19-2.00 (m, 2H), 1.93-1.86 (m, 2H), 1.84-1.74 (m, 1H), 1.72-1.68
(m, 1H); °C (125 MHz, CDCls) § 144.2, 144.1, 138.8, 137.5, 129.6,129.6,124.0, 123.9,
122.4, 122.3, 57.2, 38.5, 36.0, 32.0, 30.7, 24.9; FAB accurate mass calcd. for C3>H3,N,Br
(M" + 1): 553.1968. Found: 553.2763.
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4-Bromononanedial-1,9-bis(N,N-diphenylhydrazone) (307)

Ph,N_ _NPh,
N

N
| I
H H

Br

Following the general procedure for bromination of alcohol, bromine (18 pL,
0.357 mmol) and triethylamine (48 pL, 0.357 mmol) were added to the solution of
triphenylphosphine (92 mg, 0.357 mmol) in dry CH,Cl, (5 mL), followed by the addition
of alcohol 305 (180 mg, 0.357 mmol) in dry CH,CI, (1.5 mL). Purification by flash
chromatography (2%, ether/pet ether) afforded 101 mg (50%) of the title compound as a
clear colorless oil; IR (neat) 3058, 3032, 2856, 1596, 1495, 1455, 1376, 1299, 1210,
1173, 1090, 748, 700 cm™; '"H NMR (500 MHz, CDCl3) § 7.35-7.32 (m, 8H), 7.18-
7.04(m, 12H), 6.51 ( two overlapping t, J = 5.1 Hz, 2H), 4.09-4.05 (m, 1H), 2.49-2.37 (m,
2H), 2.30-2.26 (m, 2H),2.13-1.98 (m, 2H), 1.88-1.82 (m, 2H), 1.61-1.41 (m, 6H); Bc
(125 MHz, CDCl) § 1443, 144.1, 139.4, 137.6, 129.7,129.6,123.9, 123.8, 1224, 122.3,
57.2, 389, 36.0, 32.4, 30.7, 27.1, 26.3; HRMS calcd. for Ci3H3sN4sBr (M™ + 1):
566.20463. Found: 566.2085.

N-(Formamidyl)-2-(hydroxydiphenyl)-pyrrolidine (330)

OH

{ )=

N Ph

C
TN\
HaNT,
A solution of potassium cyanate (234 mg, 2.9 mmol) in water (2 mL) was added
to a solution of a,a-diphenyl-L-prolinol (100 mg, 0.385 mmol) in 1:1 H,O/MeOH (2
mlL). The reaction mixture was stirred at 21 °C for 12 h and extracted with 1:1 CHCls/
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EtOH solution (3 x 10 mL). The combined organic extracts were washed with brine (2 x
5 mL), dried over anhydrous MgSO, and concentrated. Purification by column
chromatography (2:98, MeOH/CH,Cl>) yielded 70 mg (60%) of the title compound as a
white paste; IR (neat) 3477, 3341, 3203, 2873, 1643, 1588, 1489, 1450, 1305, 1266,
1185, 1032, 765, 701 cm™.'"H NMR (CDCl;, 200 MHz) § 7.39-7.21-2 (m, 10H), 6.87-
6.70 (m, 1H), 5.20-5.17 (m, 2H), 5.08-5.03 (m, 1H), 3.15-3.03 (m, 1H), 2.81-2.72 (m,
1H), 2.15-1.86 (m, 2H), 1.49-1.35 (m, 1H), 0.56-0.41 (m, 1H); 13C NMR (CDCl3, 50
MHz) & 161.1, 146.5, 143.8, 128.4, 127.8, 127.6, 127.2, 127.1, 127.0, 81.4, 65.3, 47.5,
292, 22.9; FAB accurate mass calcd. for C;gH>1N.O> (M* + 1): 297.1603. Found:
297.1498.

6(R)-1,2-Aza-4-0xa-5,5-diphenylbicyclo{4.3.0lnonan-3-one (332)

Ph

A solution of compound 330 (180 mg, 0.61 mmol) in 1:1 mixture of 5N
KOH/MeOH (1mL) was treated with potassium hypochlorite (1 mL of 0.875 M solution)
at 0 °C. The reaction mixture was stirred at 21 °C for 12 h. Saturated aqueous solution of
sodium bisulfate (1 mL) was added to destroyed excess of KOCI and the mixture was
acidified (pH 2) with minimum amount of 12 N HCI at 0 °C. The reaction mixture was
stirred at 21 °C for 20 minutes and then aqueous potassium hydroxide solution (50%)
was added slowly to make the reaction mixture alkaline (pH 9) and saturated potassium
carbonate (300 mg). Precipitated salts were filtered off and washed with ethanol. The
filtrate was extracted with 1:1 CHCI/EtOH mixture (3 x 10 mL). The organic extracts
were dried over anhydrous MgSOs; and concentrated. Purification by column
chromatography (2:3, ether/pet ether) afforded 125 mg (70%) of the title compound as
white solid; IR (neat) 2965, 2871, 1751, 1494, 1477, 1447, 1355, 1052,
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1199, 1052, 992, 961, 763, 694‘ cm™'."H NMR (CDCls, 200 MHz) § 7.52-7.41 (m, 2H),
7.39-7.19 (m, 8H), 4.60-4.48 (m, 1H), 3.0-4.62 (m, 1H), 3.32-3.15 (m, 1H), 2.18-1.51 (m,
3H), 1.2-1.02 (m, 1H); 13C NMR (CDCI3, 50 MHz) § 160.3, 1443.2, 140.1, 128.4,
128.2, 127.6, 125.8, 125.3, 125.3, 85.7, 69.1, 45.9, 28.9, 24.8.

N-(t-Butoxycarbonylaminyl)-2-hydroxydiphenylmethylpyrrolidine(338)

OH
Ph
CHs 1 Ph
HaC o
HaC
¥ 0

A solution Of N-butoxycarbonyl-3-trichloromethyloxazirine 334 (2.27g, 9.5
mmol) in dry CH>Cl, (40 mL) was added dropwise, to a cold solution (-78 °C) of o,ot-
diphenyl-L-prolinol (2 g mg, 7.92 mmol) in CH,Cl, (40 mL). The reaction was stirred at
this temp. for 30 min. and slowly allowed to warm up to 21 °C. After the completion of
the reaction, solvent was evaporated. Purification with column chromatography (2%
MeOH/CH,Cl,) afforded 2.4 g (83%) of the title compound as white solid; mp: 238-240
°C; IR (neat) 3347, 3309, 2952, 2856, 2455, 1414, 1347, 12998, 1084 cm™.'"H NMR
(CDCl3, 500 MHz) 8 7.62-7.60 (m, 2H), 7.51-7.49 (m, 2H), 7.26-7.21 (m, 4H), 7.11-7.08
(m, 2H), 5.24 (s, 1H), 4.66 (br s, 1H), 4.35 (s, 1H), 3.30-3.27 (m, 1H), 3.08-3.03 (m, 1H),
1.81-1.62 (m, 4H), 1.24 (s, 9H); 13C NMR (CDCl3, 125 MHz) § 154.4, 147.2, 146.1,
128.0, 1279, 126.1, 126.0, 1254, 125.2, 799, 76.8, 68.7, 56 4, 28.1, 27.1, 21.5; FAB
accurate mass calcd. for CaoHagN-O3 (MF + 1): 369.2179. Found: 369.1972. Ana. Calcd
for C2xoHxgN-O5: C, 71.71; H, 7.67; N, 7.65. Found: C, 71.91;: H, 7.61; N, 7.66.
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N-(t-Butyldimethylsilyloxycarbonylaminyl)-2-hydroxydiphenylmethylpyrrolidine

339)
OH
Ph
Ph
HaC )

HzC 13§
H30+§i o-NH
HaCHsc\lor

t-Butydimethylsilyl trifluoromethanesulfonate (1.63 mL, 7.14 mmol) was added
to a stirred solution of the compound 338 (2.19 g, 5.95 mmol) and 2,6-lutidine (1.1 mL,
9.54 mmol) in dry CH>Cl> (15 mL). The reaction mixture was stirred at 21 °C for 12 h,
quenched with saturated aqueous NH4Cl (10 mL) and extracted with ether several times.
The combined organic extracts were washed with water and then with brine (3 x 10 mL),
dried and concentrated. The crude product was recrystalized from pet ether to afford 1.8
g (74%) of the title compound as white solid; mp: 206-208 °C; IR (KBr) 3329, 3267,
2928, 2856, 1678, 1527, 1451, 1271, 1189, 1067, 838, 791, 740, 665 cm'H NMR
(CDCl;, 500 MHz) 6 7.57 (d, J = 7.5 Hz, 2H), 749 (d, J = 7.5 Hz, 2H), 7.23-7.19 (m,
4H), 7.11-7.05 (m, 2H), 5.24 (s, 1H), 4.40-4.30 (m, 2H), 3.28-3.25 (m, 1H), 3.13-3.08
(m, 1H), 1.88-1.81 (m, 1H), 1.74-1.63 (m, 3H), 0.77 (s, 9H), 0.18 (s, 3H), 0.08 (s, 3H);
13C NMR (CDCI3, 125 MHz) § 153.4, 147.4, 145.9, 128.0, 127.9, 126.2, 126.1, 125.3,
125.2, 68.5, 55.8, 27.1, 25.6, 25.3, 21.8, 17.3, 4.7; HRMS calcd. for C2oH26N>03S1 (M -
t-Bu): 369.1634. Found: 369.1639.

N-Amino-o,0-diphenyl-2-pyrrolidine methanol (327)

OH
{ Spr
N Ph

Following the general procedure for TBAF deprotection, tetrabutylammonium
fluoride (3.6 mL of 1M solution, 3.6 mmol) was added to the solution of compound 339
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(1.4 g, 3.2 mmol) in dry THF (20 mL). Recrystalization from ether afforded 770 mg
(75%) of the title compound as white solid; mp: 110-112 °C; IR (KBr) 3335, 2955, 2807,
1492, 1306m 1171, 944, 859, 773, 641 cm™'; '"H NMR (CDCls, 200 MHz) § 7.72-7.49 (m,
4H), 7.47-7.09 (m, 6H), 4.71 (br s, 1H), 3.71-3.53 (m, 1H), 3.33-3.20 (m, 1H), 2.67-2.51
(m, 2H, br s 2H), 2.14-1.93 (m, 1H), 1.63-1.51 (m, 3H); 13C NMR (CDCl3, 50 MHz) &
143.2, 140.2, 128.2, 127.9, 126.6, 126.4, 125.7, 1255, 779, 76.0, 59.9, 27.7, 21.8;
HRMS calcd. for C;7H20N>0 (M"): 268.1576. Found: 268.1598.

2-(4-Bromopentyl)-1,3-dithiane

H CH

n-Butyllithium (21.1 mL of a 2.5 m solution, 53.0 mmol) was added to a cold
solution (-10 °C) of dithiane 343 (5.28 g, 43.9 mmol) in dry THF (50 mL). The reaction
mixture was stirred at this temperature for 45 minutes, followed by the addition of 1,3-
dibromopentane (6.0 mL, 44.0 mmol) and the stirring was continued at —10 C for 2 h.
The reaction was quenched with brine (10 mL) and poured into a separatory funnel
containing ethyl acetate (3x150 mL), dried, concentrated and purified by flash
chromatography (2:98, ether/pet ether) to yield 8.55 g (72%) of the title compound as a
light yellow oil: IR (neat) 2914, 1435, 1378, 1275 cm™; 'H NMR (200 MHz, CDCl;) d
4.11-3.97 (m, 2H), 2.84-2.76 (m, 4H), 2.10-2.03 (m, 1H), 1.90-1.64 (m, 7TH), 1.71 d, J =
6.6 Hz, 3H) ppm; °C NMR (50 MHz, CDCl;) § 50.8, 47.0, 40.2, 34.4, 30.1, 26.1, 25.7,
24.7 ppm. HRMS calcd. for CoH7S>:Br (M™): 367.9950. Found: 367.9939.

3
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5-Bromohexanal (344)

Ceric ammonium nitrate (6.24 g, 11.4 mmol) was added to a solution of 2-(4-
bromopentyl)-1,3-dithiane 343 (751 mg, 2.8 mmol) in 3:1 mixture of CH3CN/H20 (8

3

mL). The reaction mixture was stirred at 21 °C for 30 minutes and poured into a
separatory funnel containing water (5 mL) and ethyl acetate (10 mL). The aqueous layer
was extracted with ethyl acetate (3 x 10 mL), dried over anhydrous sodium sulfate and
concentrated. The resulting oil was further purified by passage through a sintered glass
funnel filled with silica gel and eluted (1:1, ethyl acetate/pet ether) under aspirator

vacuum and then concentrated and used for the next reaction without further purification.

5-Bromohexanal-(S)-(-)-Amino-2-(diphenylhydroxy methyl)pyrrolidine-hydrazone
(328)

Aldehyde 344 (476 mg, 2.66 mmol) was added to a solution of hydrazine 327
(650 mg, 2,42 mmol) inn dry methanol at O °C. The reaction mixture was stirred at this
temperature for 2 h and then concentrated to give the crude compound. Purification by
column chromatography afforded 375 mg (34%) of the title compound as faint yellow
oil; IR (neat) 3352, 3057, 2942, 1598, 1492, 1448, 1169, 1033, 747, 701 cm™.'"H NMR
(CDCl3, 200 MHz) 6 7.48-7.44 (m, 2H), 7.39-7.31 (m, 2H), 7.28-7.19 (m, 4H), 7.11-7.05
(m, 2H), 6.58 (t, J = 5.0 Hz, 1H), 5.61 (s, 1H), 4.35-3.28 (m, 1H), 4.18-4.03 (m, 1H),
3.24-3.18 (m, 1H), 2.79-2.66 (m, 1H), 2.16-2.06 (m, 2H), 1.88-1.42 (m, 11H); 13C NMR
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(CDCl13, 50 MHz) 6 146.8, 145.1, 138.9, 127.6, 1274, 127.3, 127.2, 126.8, 126.3, .80.4,
68.8, 51.4, 504, 40.3, 32.0, 31.9, 26.8, 26.4, 25.0, 22.1; FAB accurate mass calcd. for
Ca3HzoN>OBr(M™ + 1): 429.1542. Found: 429.1102.

Bicyclo[3.3.0]octane-3,7-diol (353)

T
HON 7o+

Sodium borohydride (122 mg, 3.22 mmol) was added to a solution of
bicyclo[2.2.1]Joctane-2,5-dione 352 (200 mg, 1.61 mmol) in methanol (2 mL) at 0 °C.
The reaction mixture was stirred for 1 h preceding the addition of acetone (1 mL).
Removal of solvent in vacuo afforded pale yellow oil.  Flash chromatography (neutral
alumina, 19:1 chloroform/methanol) afforded 2 (103 mg, 50%) as a white solid. mp: 82-
84 °C (sublimed); IR (neat) 3347, 3309, 2952, 2856, 2455, 1414, 1347, 12998, 1084,

1039, 1013 cm!; lH NMR (CDCl3, 500 MHz) & 4.62-4.58 (m, 1H), 4.19-4.16 (m, 1H),
2.46-2.45 (m, 1H), 2.05-2.00 (m, 2H), 1.66-1.27 (m, 2H); 13C NMR (CDCl3, 50 MHz) &
75.9, 44.2, 40.9; HRMS calcd for CgH 40> (M"): 142.09942. Found: 142.09761.

7-Benzoyloxybicyclo[3.3.0]octane-3-0l (354a)

D
Hot "om/@

6]

n-butyllithium (0.347 ml of 2.03 M soln. in hexanes, 0.704 mmol) was added to a
solution of bicyclo[2.2.1]Joctane-2,5-diol 353 (100 mg, 0.704 mmol) in dry
tetrahydrofuran (5.5 mL) at -78 °C and the reaction mixture was stirred for 30 min. The

reaction mixture was added to a solution of benzoyl chloride (0.176 mL, 1.408 mmol) in
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dry tetrahydrofuran (7 mL) at O °C and stirred for 3 h. A saturated aqueous solution of
sodium bicarbonate (8 mL) was added. The reaction mixture was stirred for 1 h and then
extracted with ether (3 x 30 mL). The combined organic extracts were dried (MgSQ,),
filtered and concentrated in vacuo. Flash chromatography (silica gel, 1:1 ether/petroleum

ether) afforded title compound (135 mg, 78%) as a white solid. mp 59-60° C; IR (neat)
3251, 3162, 2956, 2861, 2354, 1717, 1268, 1100, 1068, 710 cm™; 'H NMR (CDCl13, 200

MHz) §8.02-7.98 (m, 2H), 7.53-7.33 (m, 3H), 5.37-5.29 (m, 1H), 4.22-4.11 (m, 1H),
3.10 (br s, 1H), 2.51-2.39 (m, 2H), 2.19-2.06 (m, 4H), 1.87-1.76 (m, 2H), 1.63-1.50 (m,
2H): P NMR, CDCI3,50 MHz)
5166.2, 132.7, 130.4, 129.4, 128.2, 78.6, 79.8, 38.9, 42.3, 38. 7;HRMS  caled.  for

CisH;305 (M) : 246.1256. Found: 246.1280.

7-(p-Flourobenzoyloxy)bicyclo[3.3.0loctane-3-0l (354b)

D

0]

n-butyllithium (0.475 ml of 2.03 M soln. in hexanes, 0.976 mmol) was added to a
solution of bicyclo[2.2.1]Joctane-2,5-diol 353 (137 mg, 0.964 mmol) in dry
tetrahydrofuran (7.5 mL) at -78 °C and the reaction mixture was stirred for 30 min. The
reaction mixture was added to a solution of p-fluoro benzoyl chloride (0.228 mL, 0.1.93
mmol) in dry tetrahydrofuran (9.8 mL) at 0 °C and stirred for 3 h. A saturated aqueous
solution of sodium bicarbonate (5§ mL) was added. The reaction mixture was stirred for 1
h and then extracted with ether (3 x 20 mL). The combined organic extracts were dried
(MgS0,), filtered and concentrated in vacuo. Flash chromatography (silica gel, 1:1
ether/petroleum ether) afforded title compound (200 mg, 79%) as white solid; mp. 56-58°
C. IR (neat) 3409, 2952, 2868, 1715, 1604, 1507, 1279, 1236, 1153, 1015, 855, 769 cm™';

lH NMR (CDCl,, 500 MHz) 6 8.02-7.98 (m, 2H), 7.07-7.00 (m, 2H), 5.32 (g, /= 5.6 Hz,
1H), 4.23-4.17 (m, 1H), 2.51-2.42 (m, 2H), 2.26-2.09 (m, 4H, 1 OH), 1.84-1.79 (m, 2H),
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1.60-1.21 (m, 2H); C NMR (CDCls, 125 MHz) & 165.6 (d, CF coupling, J = 253 MHz),
165.3, 132.0 (d, J = 9.35 MHz), 126.7 (d, J = 2.79 MHz), 1154, (d, J = 21.96 Hz), 78.8,
74.9, 42.5, 39.0, 38.9; HRMS calcd for C;sH;705F (M™): 263.1093. Found: 263.1083.

7-[4-(Trifluoromethyl)benzoyloxy]bicyclo[3.3.0Joctane-3-ol (354c¢)

H H
O K O\H/OCF"
o)

n-butyllithium (0.374 ml of 2.03 M soln. in hexanes, 0.704 mmol) was added to a
solution of bicyclo[2.2.1]Joctane-2,5-diol 353 (100 mg, 0.704 mmol) in dry
tetrahydrofuran (5.5 mL) at -78 °C and the reaction mixture was stirred for 30 min. The
reaction mixture was added to a solution of p-(trifluoromethyl)benzoyl chloride (0.209
mL, 1.4]1 mmol) in dry tetrahydrofuran (7 mL) at O °C and stirred for 3 h. A saturated
aqueous solution of sodium bicarbonate (4 mL) was added. The reaction mixture was
stirred for 1 h and then extracted with ether (3 x 15 mL). The combined organic extracts
were dried (MgSOs,), filtered and concentrated in vacuo. Flash chromatography (silica
gel, 1:1 ether/petroleum ether) afforded title compound (160 mg, 72%) as a clear
colourless oil; IR (neat) 3542, 2934, 2861, 1704, 1585, 1326, 1099, 1074, 864, 776 cm’";

lH NMR (CDCl3, 500 MHz) 6 8.13-8.11 (m, 2H), 7.67-7.23 (m, 2H), 5.39-5.26 (m, 1H),
4.25-4.20 (m, 1H), 2.52-2.47 (m, 2H), 2.22-2.12 (m, 4H,), 1.87-1.82 (m, 2H), 1.78-1.74

(br s, IH), 1.60-1.54(m, 2H); 13C NMR (CDCls, 125 MHz) 165.0, 132.0 (q, J =423 Hz),
133.7, 19.8, 125.3, 123.5 (q, J =272.7 Hz), 79.2, 75.0, 42.5, 39.0, 38.9; HRMS calcd for
Ci6H703F; (M"): 314.1130. Found: 314.1197.
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3-[(2R, 4S, 5R)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5-carboxy]-7-benzoyloxybicyclo[3.3.0]octane(356a)

BOG, ,JFh H
N S 7
o) (o]
0 o)
HaCO °

1,3-Dicyclohexylcarbodiimide (210 mg, 1.05 mmol) was added to a solution of
compound 354a (127 mg, 0.516 mmol) and (2R, 4S, SR)-2-(4-methoxyphenyl)-4-phenyl-
3-tert-butoxycarbonyl-oxazolidine-5-carboxylic acid 355 (306 mg, 0.765 mmol) in dry
toluene (25 mL). The reaction mixture was stirred at 21 °C for 10 min and 4-
dimethylaminopyridine (12 mg, 0.099 mmol) was added. The reaction mixture was
stired for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (25 mL). The aqueous phase was extracted with ether (3 x 30 mL) and the
combined organic extracts were washed with brine (25 mL), dried (MgSO,), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 291 mg (90%) of the tile compound as a white foam; IR (neat) 2965,

2927, 1711, 1613, 1515, 1391, 1173, 714 cm™’; 'H NMR (CDCl3, 500 MHz) & 7.96-9.94
(m, 2H), 7.50-7.22 (m, 10H), 681-6.78 (m, 2H), 6.45-6.25 (br s, 1H), 5.45-5.35 (br s,
1H), 5.28-5.26 (m, 1H), 5.05-5.01 (m, 1H), 4.49 (m, 1H), 3.73 (s, 3H), 2.47-2.42 (m, 2H),
2.20-2.08 (m, 3H). 2.06-1.90 (m, 1H), 1.67-1.57 (m, 3H), 1.39-1.30 (m, 1H), 1.04 (s,
9H); 13C NMR (CDCl;, 125 MHz) 169.3, 166.0, 160.0, 152.0, 132.7,132.7, 130.5, 129.5,
128.6, 128.4, 128.3, 127.8, 126.2, 113.5, 91.9, 83.3, 80.5, 78.2, 779, 63.1, 55.2, 38.7,
38.6, 38.5,38.4, 27.8; HRMS calcd for C37H4105 (M™): 627.2833. Found: 627.2738.
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3-[(2R, 4S, SR)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5-carboxy]-7-(4-flourobenzoyloxy)bicyclo[3.3.0]loctane (356b)

BO%, Ph 1 H
inO\\‘ VO@F
(@) 1 e}
HaCO

1,3-Dicyclohexylcarbodiimide (223 mg, 1.08 mmol) was added to a solution of
compound 354b (145 mg, 0.549 mmol) and (2R, 4S, 5R)-2-(4-methoxyphenyl)-4-phenyl-
3-tert-butoxycarbonyl-oxazolidine-5-carboxylic acid 355 (325 mg, 0.813 mmol) in dry
toluene (25 ml). The reaction mixture was stirred at 21 °C for 10 min and 4-
dimethylaminopyridine (13 mg, 0.107 mmol) was added. The reaction mixture was
strred for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (25 mL). The aqueous phase was extracted with ether (3 x 35 mL) and the
combined organic extracts were washed with brine (25 mL), dried MgSO,), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 312 mg (88%) of the title compound as a white foam; IR (neat) 2973,

1712, 1605, 1506, 1392, 1281, 1092, 1032, 769, 732 cm’'; 'H NMR (CDClI3, 500 MHz)
6 7.95-7.92 (m, 2H), 7.35-7.23(m, 7H), 7.03-6.99 (m, 2H), 6.81-6.78 (m, 2H), 6.49-6.15
(br s, 1H), 5.45-5.30 (br s, 1H), 5.27-5.265 (m, 1H), 5.09-5.01 (m, 1H), 4.48-4.47 (m,
1H), 3.74 (s, 3H), 2.48-2.43 (m, 2H), 2.19-2.10 (m, 4H), 1.66-1.58 (m, 3H), 1.34-1.20
(m, 1H), 1.03 (s, 9H); 13C NMR (CDCls, 125 MHz) 169.3, 165.6 (d, J = 254 Hz), 165.0,
160.0, 151.6, 131.9, (d, J = 9.3 Hz), 128.6, 128.6, 1284, 127.8, 126.7, 126.7, 126.2,
1154, (d, J = 22.0 Hz), 113.5, 91.9, 80.5, 78.2, 78.1, 63.1, 55.1, 38.7, 38.6, 38.5, 384,
27.7; HRMS calcd for C37Hs NOgF(M™ + 1): 646.2817. Found: 646.3819.
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3-[(2R, 4S, 5R)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5-carboxy]-7-[4-(triflouromethyl)benzoyloxy]bicyclo[3.3.0]octane (356¢)

BOC//N Ph H
i,(O\\‘ ’/o\“/©—CFa
d° 0
HsCO o

1,3-Dicyclohexylcarbodiimide (162 mg, 0.782 mmol) was added to a solution of
compound 354c¢ (124 mg, 0.398 mmol) and (2R, 4S, 5R)-2-(4-methoxyphenyl)-4-phenyl-
3-tert-butoxycarbonyl-oxazolidine-S-carboxylic acid 355 (236 mg, 0.59 mmol) in dry
toluene (18 mL). The reaction mixture was stirred at 21 °C for 10 min and 4-
dimethylaminopyridine (9 mg, 0.0775 mmol) was added. The reaction mixture was
stired for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (20 mL). The aqueous phase was extracted with ether (3 x 25 mL) and the
combined organic extracts were washed with brine (20 mL), dried (MgSO,), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 247 mg (90%) of the title compound as a white foam; IR (neat) 2974,

2929, 1712, 1613, 1515, 1325, 1171, 1131, 918, 863, 776, 731 cm’’; 'H NMR (CDCl3,
500 MHz) 58.04 (d, J = 8.2 Hz 1H), 7.63-7.61 (d, J = 8.1 Hz, 2H), 7.36-7.22 (m, TH),
6.88-6.76 (d, J = 12.3 Hz, 2H), 6.49-6.25 (m, 1H), 5.45-5.32 (m, 1H), 5.30-5.25 (m, 1H),
5.15-5.00 (m, 1H), 4.48-4.47 (m, 1H), 3.74 (s, 3H), 2.50-2.47 (m, 2H), 2.18-2.10 (m,
4H), 1.75-1.60 (m, 3H), 1.34-1.20 (m, 1H), 1.15 (s, 9H); 'C NMR (CDCls, 125 MHz)
169.3, 164.8, 160.0, 151.0, 134.2 (q, J = 32.3), 133.6, 129.8, 128.6,128.4, 127.8, 127.6,
1262., 125.4, 125.3, 123.0 (q, J = 350 Hz), 113.5, 92.0, 80.5, 79.4, 78.5, 63.1, 56.7, 38.7,
38.6, 38.5, 38.4, 27.8 ; HRMS calcd for CsgHaN|OgFs(M* + 1): 696.2784. Found:
696.3204.
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3-[(2R, 3S)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-7-
benzoyloxybicyclo[3.3.0]Joctane (350a)

p-Toluenesulfonic acid monohydrate (30 mg, 0.156 mmol) was added to a
solution of the oxazolidine 356a (100 mg, 0.158 mmol) in methanol (6.5 mL). The
reaction was stirred for 90 min and then concentrated in vacuo. The resulting residue was
diluted with ether (10 mL) and a saturated aqueous solution of sodium bicarbonate (10
mL). The aqueous phase was extracted with ether (3 x 25 mL) and the combined organic
extracts were washed with brine (10 mL), dried (MgSQ,), filtered and concentrated in
vacuo. Flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 73 mg
(90%) of the title compound as a white solid; mp. 48-50 °C; IR (neat) 3451, 3386, 2969,
2349, 1715, 1495, 1366, 1277, 1168, 1096, 714 cm™; 'H NMR (CDCl3, 500 MHz) & 8.04
(d, J =17.44 Hz 2H), 7.52-7.49 (m, 1H), 7.41-7.38 (m, 2H), 7.31-7.22 (m, 5H), 5.40-5.33
(m, 2H), 5.22-5.20 (m, 2H), 4.99-4.98 (m, 1H), 3.17-3.16 (m, 1H), 2.59-2.51 (m, 2H),
2.26-2.20 (m, 4H), 1.88-1.72 (m, 4H), 1.17 (s, 9H); 13C NMR (CDCl;, 125 MHz) 1724,
166.2, 154.8, 139.3, 132.8, 1304, 129.6, 128.5, 128.3, 127.6, 126.6, 79.6, 79.1, 78.1,
73.7, 55.9, 38.9, 38.8, 38.6, 28.2 ; FAB accurate mass calcd for CagH3sNO7 (M* + 1):
510.2482. Found: 510.2844. Anal. calcd. for CosH3sNO;: C, 68.34; H, 6.94; N, 2.75.
Found: C, 68.31; H, 7.10; N, 2.78.
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3-[(2R, 3S)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-7-
(4-fluorobenzoyloxy)bicyclo[3.3.0]octane (350b)

H H
o IO
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p-Toluenesulfonic acid monohydrate (47 mg, 0.25 mmol) was added to a solution
of the oxazolidine 356b (162 mg, 0.25 mmol) in methanol (10 mL). The reaction was
stirred for 90 min and then concentrated in vacuo. The resulting residue was diluted with
ether (10 mL) and a saturated aqueous solution of sodium bicarbonate (10 mL). The
aqueous phase was extracted with ether (3 x 25 mL) and the combined organic extracts
were washed with brine (10 mL), dried (MgSO,), filtered and concentrated in vacuo.
Flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 116 mg (88%) of
title compound as a white solid; mp 52-54 °C; IR (neat) 3444, 2972, 1719, 1604, 1505,

1366, 1274, 1158, 1094, 770 cm™; 'H NMR (CDCI3, 500 MHz) & 8.07-8.05 (m, 2H),
7.33-7.23 (m, SH), 7.07-7.03 (m, 2H), 5.41 (d, J = 9.7 Hz, 1H), 5.33 (q, J = 5.8 Hz, 1H),
5.22-5.20 (m, 2H), 4.42-4.35 (m, 1H), 3.29-3.17 (m, 1H), 2.561-2.51 (m, 2H), 2.26-2.17
(m, 4H), 1.81-1.70 (m, 4H), 1.37 (s, 9H); 'C NMR (CDCls, 125 MHz) 172.4, 165.6 (d, J
= 253.9 Hz), 165.3, 154.4, 139.3, 132.8 (d, J = 9.26 Hz), 128.5, 127.6, 126.7, 126.6,
115.5 (d, J = 21.9 Hz), 79.6, 79.0, 78.2, 73.7, 55.8, 38.9, 38.7, 38.5, 28.2 ; FAB accurate
mass caled for CyoH3sNOF M* + 1): 528.2398. Found: 528.1889. Anal. caled. for
CasH34NO-F: C, 68.34; H, 6.94; N, 2.75. Found: C, 66.01; H, 6.51; N, 2.66. Found: C,
65.86; H, 6.52; N, 2.61.
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3-[(2R, 3S)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-7-
[4-(trifluoromethyl)benzoyloxy]bicyclo[3.3.0]octane (350c)

H H
O

NH O
BOC

p-Toluenesulfonic acid monohydrate (45 mg, 0.23 mmol) was added to a solution
of the oxazolidine 356a (165 mg, 0.24 mmol) in methanol (10 mL). The reaction was
stirred for 90 min and then concentrated in vacuo. The resulting residue was diluted with
ether (10 mL) and a saturated aqueous solution of sodium bicarbonate (10 mL). The
aqueous phase was extracted with ether (3 x 25 mL) and the combined organic extracts
were washed with brine (10 mL), dried (MgSO,), filtered and concentrated in vacuo.
Flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 126 mg (92%) of
the title compound as a white solid; mp 54-56 °C; IR (neat) 3451, 3380, 2971, 1363,
1716, 1496, 1325, 1279, 11667, 1120, 109, 864, 777, 702, cm™; 'H NMR (CDCls, 500
MHz) 6 8.17 (d, J = 7.88 Hz, 2H), 7.64 (d, J = 7.2 Hz, 2H), 7.31-7.21 (m, 5H), 5.41-5.36
(m, 2H), 5.26-5.21 (m, 2H), 4.40 (s, 1H), 3.22 (s, 1H), 2.61-2.53 (m, 2H), 2.29-2.21 (m,
4H), 1.91-1.72 (m, 4H), 1.37 (s, 9H); "C NMR (CDCls, 125 MHz) 172.4, 165.0, 154.,
139.3, 134.2 (d, J = 32.3 Hz), 133.6, 130.1, 128.5, 127.7, 126.6, 1254 (q, J = 3.6 Hz),
123.6 (q, J = 272.4 Hz), 79.6, 79.0, 78.7, 73.6, 55.8, 38.9, 38.7, 38.6, 28.1 ; FAB accurate
mass caled for C3;pH;sNO7 Fs (M' + 1): 578.2366. Found: 578.3180. Anal. calcd. for
C30H34NO,F: C, 68.34; H, 6.94; N, 2.75. Found: C, 60.29; H, 5.95; N, 2.44. Found: C,
60.40; H, 5.70; N, 2.42.
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Bicyclof2.2.1]octane-2,5-dione (359).

O __H O
Vi 96% formicacid H_ O \n/ Jones reagent
~ O 21°C, 17h,25%

reflux, 24h, 50% fo) o
357 358 359

A solution of 96% formic acid (80 g, 170 mol) and bicyclo[2.2.1]octane-2,5-diene

(20 £,0.22 mol) 343 was heated at reflux for 24 h (see note below). The reaction mixture

was cooled to 21 ©C and eﬁccess formic acid was removed by distillation (26-30 °C, 15
torr). Fractional distillation through a 5 cm vigreaux column afforded two fractions A
(bp: 70-90 OC, 15 torr, 11.4 g) and B (bp: 110-140 ©C, 15 torr, (lit: 124 ©C, 10 torr), 20.4
g, 50%). Jones reagent (120 mL) was added dropwise to a solution of the crude mixture
of bicyclo[2.2.1]octane-2,5-diformate esters B (204 g, 0.11 mol) in acetone (100 mL)

keeping the temperature between 20-30 OC by using an ice water bath. The reaction

mixture was stirred at 21 OC for 17 h at which time the solution was orange brown. The
mixture was decanted into a 1L erlenmeyer flask and the chromium salts were rinsed with
acetone (5 x 50 mL). Excess oxidant was reduced with sodium hydrosulfite (the solution
turned light green) and the mixture was neutralized by the addition of solid sodium
bicarbonate. The solvent was removed in vacuo and the resulting residue was partitioned
between ethyl acetate (100 mL) and brine (100 mL) and the layers were separated. The
organic phase was extracted with ethyl acetate (3 x 100 mL) and the combined organic
extracts were dried (MgSOy), filtered and concentrated in vacuo. Flash chromatography
(silica gel, 4:1 then 1:1 hexanes/ethyl acetate) afforded the title compound (3.2 g, 24%)

as a white solid. 'H NMR (CDCl3, 200 MHz) & 3.00-2.90 (m, 2H), 2.45-2.05 (m, 6H).
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endo,endo-Bicyclo[2.2.1]octane-2,5-diol (360)

A,

OH

A 1.0 M solution of L-selectride in tetrahydrofuran (3.54 mL, 3.54 mmol) was
added dropwise to a solution of bicyclo[2.2.1]octane-2,5-dione 359 (200 mg, 1.61 mmol)
in dry tetrahydrofuran (5 mL) at -78 ©C. The reaction mixture was stirred for 3 h
followed by the addition of pH 7.0 phosphate buffer (1 mL) and 30 % hydrogen peroxide
(1 mL). The mixture was allowed to stir for 1 h while warming to 21 °C. The mixture
was filtered through celite, transferred to a separatory funnel and extracted with ethyl
acetate (3 x 25 mL). The combined organic extracts were dried (MgSO,), filtered and
concentrated in  vacuo. Flash chromatography (neutral alumina, 19:1

chloroform/methanol) afforded 103 mg (50%) of the title compound as a white solid.
mp: 210 °C (sublimed); 'H NMR (CDCl3, 200 MHz) & 4.28 (dt, J = 8.5, 3.8 Hz, 2H),

2.30-2.05 (m, 4H), 1.90-1.20 (m, 6H); 'C NMR (CDCI3, 50 MHz) § 72.44, 43.04, 36.82,
30.35. HRMS calcd. For C7H 120> (M"): 128.0838. Found: 128.0837.

5-Benzoyloxybicyclo{2.2.1]octan-2-0l (361a).

af> a0

A 0.5 M solution of n-butyllithium in hexane (0.78 mL, 0.39 mmol) was added to
a solution of bicyclo[2.2.1]octane-2,5-diol 360 (50 mg, 0.39 mmol) in dry
tetrahydrofuran (3 mL) at -78 °C and the reaction mixture was stirred for 30 min. The
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reaction mixture was added to a solution of benzoyl chloride (0.098 mL, 0.78 mmol) in
dry tetrahydrofuran (4 mL) at O °C and stirred for 3 h. A saturated aqueous solution of
sodium bicarbonate (4 mL) was added. The reaction mixture was stirred for 1 h and then
extracted with ether (3 x 1S5S mL). The combined organic extracts were dried (MgSOy),
filtered and concentrated in vacuo. Flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 68 mg (75%) of the title compound as a clear colourless oil; IR (neat)
3396, 2958, 2877, 1714, 1601, 1451, 1179, 1119, 996, 712 cm™; 'H NMR (CDClI3, 500

MHz) 6 8.05-8.02 (m, 2H), 7.54-7.50 (m, 1H), 7.42-7.23 (m, 2H), 5.26-5.22 (m, 1H),
4.35-4.31 (m, 1H), 2.55-2.53 (m, 1H), 2.30-2.28 (m 1H), 1.99-1.83 (m, 3H), 1.75-1.65 (br
s, 1H), 1.62-1.58 (m, 1H), 1.55-1.52 (m, 2H); 13C NMR (CDCI3, 125 MHz)
3 166.5, 132.7, 130.5, 129.5, 128.2, 75.8, 72.3, 42.6, 41.0, 36.1, 30.9, 27.1. HRMS calcd.
For C14H603 (M"): 232.1099. Found: 232.1097.

S-(p-Fluoro)benzoyloxybicyclo[2.2.1]octan-2-0l (361b).

o Al

n-Butyllithium (0.287 mL of 2.04 M solution, 0.59 mmol) was added to a
solution of bicyclo[2.2.1]octane-2,5-diol 360 (75 mg, 0.58 mmol) in dry tetrahydrofuran
(4.5 mL) at -78 °C and the reaction mixture was stirred for 30 min. The reaction mixture
was added to a solution of p-fluoro benzoyl chloride (0.138 mL, 1.17 mmol) in dry
tetrahydrofuran (6 mL) at O °C and stirred for 3 h. A saturated aqueous solution of
sodium bicarbonate (6 mL) was added. The reaction mixture was stirred for 1 h and then
extracted with ether (3 x 20 mL). The combined organic extracts were dried (MgSQOy),
filtered and concentrated in vacuo. Flash chromatography (silica gel, 1:1 ether/petroleum

ether) afforded 114 mg (80%) of the title compound as a clear colourless oil; IR (neat)
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3419, 2959, 1725, 1604, 1507, 1412, 1238, 1154, 1120, 1091, 1040, 855, 769 cm™; 'H
NMR (CDCI3, 200 MHz) $ 8.07-8.02 (m, 2H), 7.10-6.98 (m, 2H), 5.25-5.14 (m, 1H),
4.35-4.26 (m, 1H), 2.51-2.50 (br s, 1H), 2.48-2.25 (m, 2H), 1.94-1.75 (m, 3H), 1.60-1.48
(m, 3H); 13C NMR (CDCI3, 50 MHz) § 168.3, 164.3, 132.0, 126.6, 115.3, 76.1, 72.2,
42.5, 409, 35.9, 30.6, 27.0. HRMS calcd. for C4H;sO3F (M+): 250.1005. Found:
250.1038.

5-(p-Trifluoromethyl)benzoyloxybicyclo[2.2.1]octan-2-0l (361c) .

CF3
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n-Butyllithiom (0.39 mL of 2.0 M solution, 0.78 mmol) was added to a solution
of compound 360 (100 mg, 0.78 mmol) in dry tetrahydrofuran (6 mL) at -78 °C and the
reaction mixture was stirred for 30 min. The reaction mixture was added to a solution of
p-(trifluoromethyl)benzoyl chloride (0.232 mL, 1.56 mmol) in dry tetrahydrofuran (mL)
at 0 °C and stirred for 3 h. A saturated aqueous solution of sodium bicarbonate (10 mL)
was added. The reaction mixture was stirred for 1 h and then extracted with ether (3 x 25
mL). The combined organic extracts were dried (MgSQO,), filtered and concentrated in
vacuo. Flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 164 mg
(70%) of the title compound as a clear colourless oil; IR (neat) 3351, 2966, 2880, 1721,
1412, 1326, 1284, 1168, 1129, 1065, 1039, 863, 776, 706 cm™; 'H NMR (CDCl3, 500
MHz) 6 8.14-8.12 (m, 2H), 7.66-7.23 (m, 2H), 5.26-5.22 (m, 1H), 4.35-4.32 (m, 1H),
2.54-2.53 (m, 1H), 2.28-2.24 (m, 1H), 1.99-1.91 (m, 2H), 1.89-1.83 (m, 1H), 1.78-1.76
(br s, 1H), 1.59-1.49 (m, 3H); *C NMR (CDCI3, 125 MHz) § 166.3, 134.3 (g, CF3),
133.7, 129.8, 125.2, 123.5 (q, C-CF3), 76.6, 72.1, 42.6, 41.0, 36.0, 30.7, 27.0. HRMS
calcd. For CsH;503F3 (M"): 300.0973. Found: 300.1010.
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2-[(2R, 4S, 5R)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5S-carboxy]-5-benzoyloxybicyclo[2.2.1]octane (362a)

Boc, Ph Bh Boc OMe
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1,3-Dicyclohexylcarbodiimide (118 mg, 0.57 mmol) was added to a solution of 5-
benzoyloxybicyclo[2.2.1]octan-2-0l 361a (68 mg, 0.29 mmol) and (2R, 4S, 5R)-2-(4-
methoxyphenyl)-4-phenyl-3-tert-butoxycarbonyl-oxazolidine-5-carboxylic acid 355 (172
mg, 0.43 mmol) in dry toluene (15 mL). The reaction mixture was stirred at 21 °C for 10
min and 4-dimethylaminopyridine (7 mg, 0.058 mmol) was added. The reaction mixture
was stirred for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (15 mL). The aqueous phase was extracted with ether (3 x 25 mL) and the
combined organic extracts were washed with brine (15 mL), dried MgSO.), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 176 mg (99%) of the title compound as a white foam; IR (neat) 2974,
1713, 1613, 1515, 1452, 1392, 1281, 1171, 1115, 1028, 831 cm™; '"H NMR (CDCI3, 500
MHz) §7.96-7.94 (m, 2H), 7.58-7.51 (m, 1H), 7.49-7.25 (m, 10H), 6.84-6.81 (m, 2H),
6.45-6.25 (br s, 1H), 5.41-5.19 (m, 2H), 5.09-4.95 (m, 1H), 4.54-4.52 (m, 1H), 3.77 (s,
3H), 2.56-2.52 (m, 1H), 2.45-1.23 (m, 6H), 1,01 (s, 9H); *C NMR (CDCI3, 125 MHz)
8[169.8, 1694], 1664, [160.1, 160.0], 132.0, [132.8, 132.7], 130.3, 130.3, [129.5,
129.4], 128.4, 128.4, 128.3, [127.9, 127.8], 126.6, 113.5, 92.0, 80.5, [76.1, 76.0], [75.0,
74.8], [63.6, 63.3], 55.2, [40.4, 40.3], 40.2, [35.9, 35.6], 28.3, 28.1, 28.0, 27.9, 27.7.
FAB acc. mass calcd. For C36H4oN30g (M + 1): 614.2754. Found: 614.2921.
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2-[(2R, 4S, SR)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5-carboxy]-5-(p-fluoro)benzoyloxybicyclo[2.2.1]octane (362b)

1,3-Dicyclohexylcarbodiimide (130 mg, 0.62 mmol) was added to a solution of
compound 361b (80 mg, 0.32 mmol) and (2R, 4S5, SR)-2-(4-methoxyphenyl)-4-phenyl-3-
tert-butoxycarbonyl-oxazolidine-5-carboxylic acid 355 (180 mg, 0.47 mmol) in dry
toluene (15 mL). The reaction mixture was stirred at 21 °C for 10 min and 4-
dimethylaminopyridine (8 mg, 0.063 mmol) was added. The reaction mixture was stirred
for 20 min and then diluted with a saturated aqueous solution of sodium bicarbonate (15
mL). The aqueous phase was extracted with ether (3 x 25 mL) and the combined organic
extracts were washed with brine (15 mL), dried (MgSOQ,), filtered and concentrated in
vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 165
mg, (82%) of the title compound as a white foam; IR: (neat) 2974, 1712, 1605, 1393,
1275, 1243, 1162, 1112, 1032, 915, 768 cm™; 'H NMR (CDCl3, 500 MHz) & 7.95-7.92
(m, 2H), 7.34-7.30 (m, 8H), 7.00-6.97 (m, 2H), 6.83-6.81 (m, 2H), 6.45-6.25 (br s, 1H),
5.45-5.25 (m, 1H), 5.24-5.12 (m, 1H), 5.16-4.98 (m, 1H), 4.53-4.52 (m, 1H), 3.77 (s,
3H), 2.55-2.51 (m, 1H), 1.99-1.51 (m, 6H), 1,01 (s, 9H); '*C NMR (CDCI3, 125 MHz)
3 [169.7, 169.4], [165.7, 165.6], [165.4, 165.3], [160.1, 160.0], 151.5, 132.0, [131.9,
131.8], 128.6, [128.5, 128.3], [127.9, 127.8], 127.6, 126.6, [126.3, 126.2], [115.5, 115.3],
113.5, [92.0, 91.6], 80.5, [76.1, 75.9], [75.1, 74.9], [63.6, 63.3], 55.2, 40.0, [40.3, 40.2],
[36.0, 35.7], [28.3, 28.2], [28.1, 28.0], 27.8, 27.7. FAB acc. mass calcd. For C36H3oNOgF
(M*+1): 632.2660. Found: 632.3136.
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2-[(2R, 4S, 5R)-3-tert-Butoxycarbonylamino-2-(4-methoxyphenyl)-4-phenyl-
oxazolidine-5-carboxy]-5-(p-trifluoromethyl)benzoyloxybicyclo[2.2.1]octane (362c)
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1,3-Dicyclohexylcarbodiimide (199 mg, 0.96 mmol) was added to a solution of
compound 361c (147 mg, 0.49 mmol) and (2R, 4S, SR)-2-(4-methoxyphenyl)-4-phenyl-3-
tert-butoxycarbonyl-oxazolidine-5-carboxylic acid 35§ (290 mg, 0.73 mmol) in dry
toluene (25 mL). The reaction mixture was stirred at 21 °C for 10 min and 4-
dimethylaminopyridine (12 mg, 0.087mmol) was added. The reaction mixture was
stirred for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (20 mL). The aqueous phase was extracted with ether (3 x 35 mL) and the
combined organic extracts were washed with brine (25 mL), dried (MgSOy), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 233 mg (70%) of the title compound as a white foam; IR (neat) 2971,
2358, 1714, 1613, 1444, 1387, 1275, 1171, 1066, 915, 863, 776 cm™; "H NMR (CDCl3,
500 MHz) & 8.03-8.00 (m, 2H), 7.59-7.56 (m, 2H), 7.36-7.19 (m, 8H), 6.88-6.80 (m, 2H),
6.31 (br s, 1H), 5.45-5.24 (m, 2H), 5.22-5.20 (m, 1H), 4.54-4.53 (m, 1H), 3.75 (s, 3H),
2.58-2.56 (m, 1H), 1.96-1.53 (m, 6H), 1,01 (s, 9H); °C NMR (CDCI3, 125 MHz)
0 [169.6, 169.4], [165.2, 165.1], [160.2, 160.1], 153.2, 151.5, 134.1(q, CF3), [133.5,
133.4], [129.8, 129.7], [128.7, 128.6], [ 128.5, 128.4], 127.8, [126.3, 126.2], [1254,
125.3], 125.2 (q, C-CF3), 113.5, [92.1, 92.0], 80.6, [75.9, 75.8], [75.5, 75.4], [63.6, 63 .4],
61.7, 55.2, [40.4, 40.3], 40.2, [36.0, 35.8], [28.4, 28.3], [28.2, 28.1], 27.8, 27.7. FAB acc.
mass calcd. For C37H3oNOgF3; (M'+1): 682.2628. Found: 682.2643.
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2-[(2R, 3S)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-5-
benzoyloxybicyclo[2.2.1]octane (351a).

t-Bu—0O

p-Toluenesulfonic acid monohydrate (46 mg, 0.24 mmol) was added to a solution
of the oxazolidine 362a (149 mg, 0.24 mmol) in methanol (10 mL). The reaction was
stirred for 90 min and then concentrated in vacuo. The resulting residue was diluted with
ether (10 mL) and a saturated aqueous solution of sodium bicarbonate (10 mL). The
aqueous phase was extracted with ether (3 x 25 mL) and the combined organic extracts
were washed with brine (10 mL), dried (MgSO,), filtered and concentrated in vacuo.
Flash chromatography (silica gel, 1:1 ether/petroleum ether) afforded 103 mg (87%) of
the title compound as a white solid; IR (neat) 3411, 2962, 1716, 1497, 1366, 1318, 1168,
1113, 1026, 710 cm™'; (compound a) '"H NMR (CDCI3, 500 MHz) § 8.05 (d, J =9.2 Hz,
2H), 7.55-7.52 (m, 1H), 7.43-7.40 (m, 2H), 7.30-7.22 (m, SH), 5.38 (d, J = 9.3 Hz, 1H),
5.36-5.30 (m, 1H), 5.27-5.18 (m, 2H), 4.42 (br s, 1H), 3.16 (br s, 1H), 2.67-2.58 (m, 2H),
2.06-1.95 (m, 2H), 1.86-1.56 (m, 2H), 1.49-1.43 (m, 2H), 1.37 (s, 9H); '*C NMR (CDCls,
125 MHz) & 172.9, 166.4, 154.9, 139.3, 132.8, 1304, 129.4, 128.5, 128.3, 127.6, 126.6,
79.9, 76.8, 74.2, 73.6, 56.1, 40.5, 40.3, 36.0, 28.4, 28.4, 28.2. (Compound b) 'H NMR
(CDClI3, 500 MHz) 46 8.12 (d, J = 6.4 Hz, 2H), 7.55-7.59 (m, 1H), 7.43-7.38 (m, 2H),
7.24-7.20 (m, 5H), 5.38-5.36 (m, 1H), 5.31-5.27 (m, 1H), 5.24-5.22 (m, 1H), 5.22-5.26
M, 1H), 4.41 (brs, 1H), 2.62 (d, J = 14.2 Hz, 2H), 2.08-1.90 (m, 3H), 1.66-1.57 (m, 3H),
1.37 (s, 9H); >C NMR (CDCls, 125 MHz) & 172.7, 166.3, 154.8, 139.2, 132.8, 130.3,
129.6, 128.5, 128.4, 127.6, 126.7, 79.6, 77.1, 74.8, 73.4, 56.0, 40.5, 40.3, 36.1, 28.6, 28.1,
27.9. Anal. calcd. for C33H33NO7: C, 67.82; H, 6.71; N, 2.83. Found: C, 67.74; H, 6.80;
N, 2.78.
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2-[(2R, 35)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-5-
(p-trifluoro)benzoyloxybicyclo[2.2.1]Joctane (351b).

p-Toluenesulfonic acid monohydrate (54 mg, 0.29 mmol) was added to a solution
of the oxazolidine 362b (180 mg, 0.28 mmol) in methanol (10 mL). The reaction mixture
was stirred for 20 min and then diluted with a saturated aqueous solution of sodium
bicarbonate (20 mL). The aqueous phase was extracted with ether (3x25 mL) and the
combined organic extracts were washed with brine (15 mL), dried (MgSQ,), filtered and
concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1 ether/petroleum
ether) afforded 130 mg (90%) of the title compound as a white solid; IR (neat) 3418,
2977, 2369, 1719, 1603, 1515, 1274, 1165, 1113, 1017 cm’'; (compound a) '"H NMR
(CDCl13, 500 MHz) 6 8.09-8.05 (m, 2H), 7.36-7.26 (m, 5H), 7.09-7.06 (m, 2H), 5.35-
5.33 (m, 1H), 5.27-5.24 (m, 1H), 5.18-5.12 (m, 2H), 4.42 (br s, 1H), 2.68 (t, J = 4.1 Hz,
1H), 2.65 (t, J = 4.0 Hz, 1H), 2.01-1.94 (m, 2H), 1.83-1.75 (m, 2H), 1.62-1.56 (m, 2H),
1.37 (s, 9H); ’C NMR (CDCl;, 125 MHz) § 172.9, 165.7, 165.4, 154.9, 139.3, 132.0,
131.9, 128.5, 127.7, 126.6, 115.5, 79.7, 77.0, 75.1,73.6, 56.0, 40.4, 40.3, 36.0, 28.4, 28.3,
28.1; (Compound b) '"H NMR (CDCI3, 500 MHz) & 8.16-8.02 (m, 2H), 7.28-7.21 (m,
SH), 7.09-7.03 (m, 2H), 5.35-5.33 (m, 1H), 5.31-5.27 (m, 2H), 5.17-5.16 (m, 1H), 4.42
(br s, 1H), 2.62 2.58 (m, 2H), 2.06-1.93 (m, 3H), 1.74-1.57 (m, 3H), 1.37 (s, 9H); °C
NMR (CDCls, 125 MHz) 8 172.7, 165.7, 165.6, 154.8, 139.1, 132.3, 132.2, 1284, 127.6,
126.6, 115.5, 79.6, 76.5, 74.9, 73.4, 55.9, 40.5, 40.3, 36.1, 28.6, 28.31 27.9. Fab accurate
mass calcd. for C2gH33sNO7F: (M*+1): 514.2241. Found: 514.2209
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2-[(2R, 3S)-3-tert-Butoxycarbonylamino-)-2-hydroxy-3-phenyl-propanecarboxy]-5-
(p-trifluoromethyl)benzoyloxybicyclo[2.2.1]octane (351c¢).

CFs
Pb FsC o
OH 5 0. _X_ _Ph
Ph, T | \©\n/o \n/\i/

p-Toluenesulfonic acid monohydrate (50 mg, 0.264 mmol) was added to a
solution of the oxazolidine 362¢ (180 mg, 0.264 mmol) in methanol (10 mL). The
reaction mixture was stirred for 20 min and then diluted with a saturated aqueous solution
of sodium bicarbonate (20 mL). The aqueous phase was extracted with ether (3 x 25 mL)
and the combined organic extracts were washed with brine (25 mL), dried MgSO,),
filtered and concentrated in vacuo. Rapid flash chromatography (silica gel, 1:1
ether/petroleum ether) afforded 119 mg (80%) of the title compound as a white solid; IR
(neat) 3412, 2961, 2358, 1712, 1612, 1510, 1275, 1171, 863, 776 cm™'; (Compound a)
'H NMR (CDCI3, 500 MHz) & 8.27-8.26 (m, 2H), 7.68-7.66 (m, 2H), 7.58-7.21 (m,
SH), 5.40-5.38 (m, 1H), 5.29-5.28 (m, 1H), 5.18-5.17 (m, 2H), 4.42 (br s, 1H), 3.01 (brs,
1H), 2.68-2.64 (m, 2H), 2.01-1.94 (m, 2H), 1.85-1.72 (m, 2H), 1.63-1.52 (m, 2H), 1.37
(s, 9H); '’C NMR (CDCl3, 125 MHz) § 172.9, 165.4, 154.9, 139.4, 134.3 (q, CFs), 133.7,
130.1, 128.5, 127.7, 126.6, 125.4, 123.5 (q, C-CF3), 79.6, 77.0, 75.6, 73.6, 56.1, 40.5,
40.4, 36.1, 286, 28.3, 28.1; (Compound b) 'H NMR (CDCl3, 500 MHz)
6 8.19-8.14 (m, 2H), 7.64-7.63 (m, 2H), 7.56-7.19 (m, 5H), 5.39-5.38 (m, 1H), 5.30-
5.27 (m, 2H), 5.18-5.17 (m, 1H), 4.42 (br s, 1H), 2.62-2.58 (m, 2H), 2.06-1.92 (m, 3H),
1.76-1.53 (m, 3H), 1.37 (s, 9H); *C NMR (CDCls, 125 MHz) § 172.8, 165.2, 154.9,
139.2, 134.3 (q, CF3), 133.5, 129.9, 128.5, 127.7, 126.6, 125.4, 123.5 (q, C-CF3), 79.6,
76.5, 75.5, 73.4, 55.9, 40.4, 404, 36.1, 28.6, 28.1, 27.9; Fab accurate mass calcd. for
C29H33NO,F5: (M*+1): 564.2209. Found: 564.216
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Claims to Original Research

We have developed intramolecular radical clock system to determine the rate
constants for the cyclization of secondary alkyl radicals onto various hydrazones
and oxime ethers. In refluxing benzene the rate constants for these 5-exo
cyclizations fall within the range of 4 x 10’ to 16 x 10’ s depending on the

electron withdrawing capacity of the imine acceptor.

We have shown through calculations at the AMI1 level that the hydrazone
cyclizations are highly exothermic reactions, as are the related oxime ether

cyclizations.

Tandem radical cyclizations involving aminyl radical generated by cyclization
onto N,N-diphenylhydrazone were studied in attempted synthesis of 5,6- and 6,6-

bicyclic systems.

A new chiral auxiliary 327 was synthesized, for use in the study of asymmetric

induction in radical cyclizations in the presence of chiral auxiliaries.

Novel taxoid mimics 350 and 351 were synthesized and their biological activity

was evaluated.

A portion of this research has been published.
Tauh, P.; Fallis, A. G. J. Org. Chem. 1999, 64, 6960-6968.
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