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Abstract

Previous research in our lab has revealed®hlalkynals that contain a sulfide functional
group can be cyclized via a chelation-assistea@mtiecular hydroacylation, affording
high yields of benzothiepinone products. We hawe nsed this chemistry to develop a
rapid route into aminomethylbenzothiepinones, amalagous tricyclic ring systems, by
tandem intramolecular hydroacylation-Michael addit{Scheme 1). In this procedure
Q-alkynals cyclize to an enone intermediate thattban undergo Michael addition with
a variety of secondary amines. Using this oneppotedure, we avoid isolation of the
reactive enone intermediate. Isolation of the amieiiyl-substituted benzothiepinone

products is facile and yields for the two step sempe are good.
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Introduction and Background

Historically, the synthesis of medium rings hasveroto be difficult, due to entropic
factors and non-bonding interactions that occuhatransition state of the cyclization.
Medium rings are core structures in many biolodycattive compounds and natural
products; therefore, an efficient methodology fwit synthesis is desired. Transition
metal-catalyzed cyclizations have proven to be sohtlee most attractive strategies for
the synthesis of medium-ring compourd$herefore, we hope to develop a facile
synthesis of aminomethylbenzothiepinones and anakgicyclic ring systems using a

rhodium catalyzed hydroacylation strategy.

A variety of aminomethylbenzothiepinones and dilmhizpinones, which contain a 7-
membered ring, are under patent or investigatiguogsntial pharmaceuticatsFor
example, compountlis patented as a potential vasodilator, compduasl a potential

analgesic, and compousds a muscle relaxahtf®> Compound4 and2 were previously
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prepared from 3,4-dihydro-2H-benzo[b]thiepin-5-ofewhich is presently not
commercially available. Methods for the constroictof the 3,4-dihydro-2H-
benzo[b]thiepin-5-one core involve harsh reactionditions such as the polyphophoric

acid mediated ring closure of phenylthiobutyricdfci®and the multi-step protocol for



ring expansion of thiochroman&s' The bromine-substituted analdy,is available by
special request from Focus Synthesis LLC at a@o$1900/g. The synthesis of

compound is illustrated in Scheme™.. Treating4 with dimethylmethyleneimmonium
(0] Br O
sGNNe®
4 S 5 S
chloride in the presence of acetylchloride yidlts corresponding
aminomethylbenzothiepinone, Compound was then treated with TBDMS-protected
3-bromophenol and butyl lithium. The addition protiwas then desilylated by the

addition of 1M tetrabutylammonium fluoride in TH&Rd treated with 6N HCI to

eliminate water yielding the desired produtt,Similarly, compounds in the

Scheme 1
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dibenzothiepine class such&aeequire lengthy, inefficient syntheses which make af

harsh conditions and long reaction times (Schenie 2)
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4-Chloro-1,2-dimethoxybenzen®,is coupled to 2-mercapto-benzoic aédyia a Cu-
promoted coupling reaction which yields only 10%darct and requires long reaction
times and high temperatures. The alcoh@],is then treated with PRand CB¥ to
produce the corresponding bromid&, which then undergoes substitution with NaCN to
form nitrile, 12. The nitrile,12, is then heated in hydrochloric acid and acetid &ziform

a 7-membered immine species which upon stirringéthanesulfonic acid is hydrolyzed
to the ketone yielding dimethoxybenzothiepinal, Heatingl3 with pyridine
hydrochloride furnishes the desired compowdin 4% overall yield. Clearly a more

efficient synthesis of these compounds would besbeal for further studies.

Rhodium(l) catalyzed hydroacylation has been usddrim cyclopentanones from
unsaturated aldehydes, but has had limited suatéise construction of larger ring
systems:® We have examined the utility of rhodium catalyhgdroacylation and
tandem hydroacylation-Michael addition reactionghia synthesis of aminomethyl-
substituted benzothiepinones and analogous tricyiclg systems. These reactions
employ a new method in the formation of medium ©ogpounds via chelation-assisted

hydroacylation, which makes use of a Lewis-badiveieatom.

Rhodium-catalyzed hydroacylation was first repottgdsakai in 1972 in which a Rh(l)-
mediated hydroacylation of 4-alkenals, affordedayentanone products, with
cyclopropane derivatives as the significant by-piaisl due to decarbonylation of the
substrate (Scheme 3).The proposed mechanism by which rhodium converts

pentenals



Scheme 3
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to cyclopentanones through hydroacylation (Schehievélves oxidative addition of
rhodium(l) into the aldehyde C-H bond to give tleglaydridorhodium(lll) complexl17.
Next, the alkene undergoes insertion into the nnoehnydride bond, followed by
reductive elimination of the metal to yield the lIppgentanone productb, and regenerate
the rhodium(l) catalyst Cyclopropane by-products presumably result from
decarbonylation, which is a competing pathway idrbgcylation. It is likely that
deinsertion of the carbonyl before insertion of #fieene will lead to the
metallocyclobutane intermediaf). This intermediate can then undergo reductive

elimination to form cyclopropane derivativil§. This reaction was low yielding (30 %

Scheme 4
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for cyclopentanone), non-catalytic, and was limiiethe synthesis of 5-membered

carbocycles.



Lochow and Miller subsequently reported a catalyécsion of the cyclization. Using 10
mol % of Wilkinson’s catalyst in ethylene-saturatddoroform, a 72 % vyield of
cyclopentanone was obtain¥d Ethylene occupies any open coordination sitethen
metal, preventing decarbonylation of the substratmock has also reported a synthesis
of cyclopentanones via rhodium(l)-catalyzed intréaoalar hydroacylation of
unsaturated aldehydes, using a variety of RhCKRBAntalysts to afford cyclopentanones

in up to 98 % vyield (Table 1.

Table 1
Aldehyde ligand % catalyst product % vield
(0]
Z>">cHo P(PhOCHh)3 50 é 98
10 88
(@]
MCHO P(PhOCH 50 & 51
10 24
(@]

0 \ 98

}\/\CHO

PIPh(N(CH)2)]s

a

A catalyst screening showed that rhodium completeise form RhCI(PAg); were
unsurpassed in reactivity compared to other rhodiamplexes such as Rhl(P#h
RhNO(PPh)s, or those prepared in situ by the addition of AQCand AgBR to
RhCI(PPh)s. Other metal complexes utilizing Ru(ll), Ir()df®), and Pd(ll) showed no
reactivity (Table 2). A variety of phosphine liginwere also screened for the complex
RhCI(PAR)s3 in which three triaryl phosphines looked promisingmely trip-

tolylphosphine, trip-anisylphosphine, and trigdi-methylaminophenyl)phosphine. The



Table 2

Complex Yield of Cyclopentanone
RhCI(PPYs 47
RhiI(PPB)3 27
Rh(NO)(PP¥3 0
RhCI(PPE)s + AgCIOy 11
RhCI(PP¥)s + AgBF, 0
RhC'(CH==CH2)[P(C-C6H11)3]2 trace
RhCI(N)[P(c-GsH11)3]2 0
RhCI(CO)(PP¥)3 0
RhCI(CO)[P(Plp-OMe)]2 0
RhH(CO)(PPh)3 trace
RhH(PPh)4 0
RhCI(H)(PPB)s 0
IrH(CO)(PPh)3 0
IrCI(N2)(PPh)2 0
Pd(PPH)4 0
PAC}(PPh), 0

basicity of the ligand seemed to have the most mapbinfluence on reactivity. Less
basic arylphosphines, such as the four describedqursly, were more efficient than
more basic trialkylphosphines such as triethyibutyl, and tricyclohexyl phosphine. In
an attempt to apply this chemistry to the synthebkigp-unsaturated ketones, acetylenic
aldehydes such as 4-pentynal, 5-hexynal, and 5¢halptvere treated with 50 mol % of
rhodium(l) catalyst. After 2 days, the reactionslged no cyclic ketones; only
decarbonylation products were observed. Laroak sl®wed that reacting hexer24l
with a rhodium catalyst produces only the methyllggentanone22, and not the
corresponding cyclohexanor®8, as would be expected (Scheme 5). Functionalpgrou
compatibility was screened by running the reactiothe presence of additives
containing various functional groups. Cyclopentpradduct was obtained when

carboxylic acids, esters, nitriles, ketones, pryMtaomides, and alcohols were present



Scheme 5
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19%
not observed
but amines gave significantly reduced yields. Aasicould affect the reaction by

complexing to the catalyst and inactivating it.séJ allyl amines are prone to

isomerization to the corresponding enamine by nnodtatalysts.

About a decade after Larock had shown that hexemalsrgo hydroacylation to form
methylcyclopentanones, Gable stumbled upon thedesy that some strained systems
may cyclize to form cyclohexanon&s.In an attempt to cyclize 3-C-alkenyl pentodialose

derivatives to form 5-5-5 fused ring systems, a®B#ing system resulted (Scheme 6).

Scheme 6
0 o
H oM PheP),RACIL 0 H
\ J ) 0
I /% CH2C|2 \:
HO yo CDCly, 70°C HO O/‘V
o4 60 %

25

This result can most likely be explained by therfation of the much less strained 6-5-5
ring system in preference to the 5,5,5 ring syst@&resently, this is the only example of

6-membered carbocycle formation via hydroacylation.

The work of Bosnich has uncovered an asymmetrisioerof rhodium catalyzed

hydroacylation which uses chiral phosphine ligaasi$he source for chirality transfer.

10



Using this method, 3-substituted cyclopentandi¥esan be synthesized in about 90 %

yield with ee’s up to 99 % using (S)-binap as igard (Scheme 7.

Scheme 7
4 mol % )
o [Rh((S)-binap)(NBD)ICIO,
R
NH acetone
R
26 27

99 % ee

Most recently, Fu has demonstrated that hydroaoylas also applicable to the synthesis

of highly substituted cyclopentenor@&from alkynals28 (Scheme 8¥° Previously

Scheme 8
0
Q 10 mol %
H Rs  [Rh(dppe)l,(BF,), FRu Rs
acetone
= Re H R,
R{ 28 29
67-88%

Larock had shown that 4-alkynals did not cyclizeemthe same conditions used for the
hydroacylation of 4-alkenals. One potential diffty in the hydroacylation of 4-alkynals
is the need for a trans-addition of a metal hydtaden alkyné? The facility of this step
may be influenced not only by alkyne substitution &lso catalyst geometry. It has thus
been shown that by using a cationic Rh-ligand cempke Bosnich, the transformation
of substituted alkynals can be achieved. The i@atblerates alkyl, phenyl, alkynyl, and
cycloalkene substituents on the alkyne, and methglmethoxy substituenisandp to

the carbonyl (Table 3).

11



Table 3

Substrate Product % Yield

N-CyoH21
\/\ N-CoHos
CHO

. A

67
n'C6H13 % n-C6H13
CHO 75
n-CgH ?
“~6'113
\/k n-CGng\é/
CHO 67
0]
\//\ Ph\ﬁ
88
Ph o
CHO
@] O
| A 75
O
\\
CHO ﬁ
84
n-CioH21 0
\/\ n- C10H21\é
76

It was long known that hydroacylation could be ugedonstruct cyclopentanone
derivatives, but attempts to synthesize mediumsrumggng this method have only
recently been developed. Because the mechanigth-oatalyzed hydroacylation
(Scheme 9) had been thoroughly investigated by praongt notably by Bosnich and
coworker$’, strategies which take advantage of this inforamatiould then be employed.

Larock showed that hexenals do not undergo hydtaaog to form cyclohexanones but

12



Scheme 9
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instead form methylcyclopentanones. This resultlmarationalized by the formation of
the less strained 6-membered metallacycle interawed5, over the 7- membered
metallacycle36, (Scheme 10). As the ring size increases theofatgdroacylation

Scheme 10

O 0 o
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21 ©
34 35 22
@h — )
36 23

not observed
slows prohibitively, leading solely to decarbonigatproducts as shown by Larotk.

It was not until Shair reported his synthesis aflogctenones using intramolecular
hydroacylation in 2000, that hydroacylation coudused to assemble medium rings. By
using a strategy similar to that originally usedWgndef* and Tros¥ in transition

metal-catalyzed [5+2] cycloadditions, Shair stratally placed a cyclopropane ring

capable of fragmentation, and thus ring expansiothe starting material (Scheme £1).

Scheme 11
0 20 mol % B
H [Rh(dppe)]ClO4 O
b NF (CHZ)OZCIZ Ph
65°C
37 38

65%
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Because a 4-pentenal derivative is used, a 6-madletermediate is formed intially,
which avoids direct formation of the 9-memberedatiatycle. Subsequent ring
expanison yields the corresponding cyclooctend8€Scheme 12). Using the same
model system as described in Scheme 12, a vaffietalysts were screened to affect

Scheme 12
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the desired transformation including Rh(RREI, [Rh(dppe)]CIQ, and[Rh(dppe)]OTf

(Scheme 13).

Scheme 13
0 0 0
H catalyst O ﬁ/&
i A +
=
Ph Ph PH

37 38 44
Rh(PhsP)sCl 7% 44%
[Rh(dppe)]CIO, 65% 0%
[Rh(dppe)]OTf 50% 0%

Wilkinson’s catalyst (Rh(PRJCI) gave mostly cyclopropyl-substituted cyclopemiag
44 which arises from reductive elimination beforegrexpansion. The use of Rh-dppe
complexes [Rh(dppe)]Clpand[Rh(dppe)]OTf gave moderate yields of thereesi

cyclooctenone38. This hydroacylation chemistry developed by Skglimited in

14



scope, given that it can only be used to produoee@ibered carbocycles, although it was

successfully applied to the synthesis of both o teans fused 6-8 and 5-8 ring systems

with good yields (Scheme 14).

Scheme 14
o}
[Rh(dppe)]OTf H
(CH,);Cl, @
65°C A
63 % A
10h 46
o} o)
H [Rh(dppe)]OTf H
Oé\ (CH,),Cl, C@
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47 35 min 48
o} o}
C‘jii\h [Rh(dppe)]OTf H
v H (CH,),Cl, 2
S 65°C CO
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49 25h 50

Another advancement in syntheses of medium ring$ydroacylation was made by

Mori in 2002 (Scheme15}. It was speculated that if a double bond was @atd to a

Scheme 15
o 10 mol % Q R
Rh(dppe)]ClO
. WJ\H [Rh(dppe)]CIO,
CICH,CH,CI
51 65°C
55
R= CH,CH,Ph 62 %

Rh-C bond in rhodacyclg2, an 8-membered rhodacycle intermediétg,could be
formed via ar-allylrhodium intermediates3. Reductive elimination frord4 would then

lead to the cycloheptenone produsi,(Scheme 16). Cis fused 6-7 ring systems have

15



Scheme 16
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been synthesized using this method as well, althaoigtures of hydroacylation products

are observed (Scheme 17).

Scheme 17
) 0
H 10 mol % H R HO R H O
= H [Rh(dppe)]CIO, : : = —R
SN, (CHCL | | |
H reflux m G G
56 57 58 59
R=CH; 10% R=CH; 58% R=CH; 18%
R=H 9% R=H - R=H 46 %

Only cycloheptenones have been synthesized usmgigthod, to date; thus efforts in
our laboratory have been focused on a broad scepleoaiology for the synthesis of

medium rings of various sizes using hydroacylation

In 2002, our laboratory reported a method to sysiggemedium ring sulfur heterocycles,
using a chelation-assisted hydroacylafiorBy treatingo-alkenals and alkynals which
contain a Lewis basic tether atom such as sulfith, Wilkinson’s catalyst, a variety of 7

and 8-membered sulfur heterocycles have been m@aable 4). Unlike previous

16



Table 4

Entry Substrate HydroadgiatProduct % Yield
(0]
. o
1 S s 92
(@]
2 OHC >SN @ 82
(@]
CHO
(@]
=
4 s~7 s 54
(@]
e csaf
P
5 s“/ s 89
(@]
<o)
CHO
6 s~ s 86
(@]
. O
7 SJ\A\\ s 65

attempts to construct medium rings using hydrodiofiaour method uses sulfur as a
tether atom, along with an alkene or alkyne, tordmate to the metal center. This
coordination, promotes oxidative addition of theéedlyde via proximal assistance and
most likely forms a metallabicyclic intermediaéd, The alkene or alkyne then inserts in
to the rhodium-hydride bond to give intermedié2e Reductive elimination of the metal
affords the heterocyclé3 (Scheme 18). Similar to hexenals, insertion ocsuch that

the hydride

17



Scheme 18

5-10 mol %
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K/S _ Rh(PPh3)3CI RN
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54-92%
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(’ S /, S
\~~ e n ‘\ ’ n
61 - 62

ligand is delivered to the distal position of tlikeme or alkyne. The regiochemistry of
the insertion is opposite that seen for pentemals the 5-membered metallacycle must
be preferred to the 6-membered metallacycle ineraed Substitution of the alkyl chain
a to the sulfur atom, or on the terminal positiortla# alkyne is tolerated. In contrast,
substitution on the alkene is not tolerated. ¢t be noted that the transformations of
both methyl-substituted and terminal alkynes (TahlEntries 4,5) are quantitative by
GC. Isolation of the unsubstituted benzothiepinprogluct (Table 4, Entry 4) gives
dramatically reduced yields where as isolated gielidthe methyl-substituted product
(Table 4, Entry 5) are much higher. This is priiyadue to the ability of
benzothiepinones to dimeriZ&More hindered enones such as that in entry 5 dmer
much slower and are thus easier to isolate in gogdd. This method represents the first

route to heterocycles via hydroacylation.

By applying this novel method to the formation afinomethylbenzothiepinones and
other tricyclic ring systems possessing biologawlvity we have developed a facile

entry into this class of compounds.

18



Results and Discussion

With the goal of applying the chelation assisteddacylation to the synthesis of
aminomethylsubstituted benzothiepines, we haveldpgd a tandem hydroacylation-
Michael addition strategy. By cyclizing-alkynals using Wilkinson’s catalyst, enone
products are formed. The enones are unstableodiheit ability to dimerizé® and
attempts to isolate them directly results in paeftds and mixtures, thus a one-pot
procedure is needed. Treatment of enone internesj@s, with amines produces

aminomethyl-substituted heterocyclés, in high yields (Scheme 19). The

Scheme 19
2 mol % 9] Q NR,
Rh(PPh3)3CI R,NH
/\/ CH,Cl, CH3CH,OH
S S
65 66
up to 95 %

hydroacylation substraté4, was synthesized via the route outlined in Schatme

Scheme 20
O\
\ —o
1. LiAIH, o
_THF _ Mno, _
H
2. H,0 DBU /\/\ benzene d _
91% SH benzene 76% ST

68 91%

Benzyl alcohol70 is prepared by reducing 2-mercaptobenzoic &idthen alkylating
with mesylates9 in the presence of DBU. Alcoh@0 is then oxidized with Mn@to
yield alkynal64. Mesylates9 is synthesized from commercially available butr®iywia

mesylation by methanesulfonyl chloride.

19



Initial work on this project focused on optimizitige conditions for the tandem
hydroacylation-Michael addition and examining thepe and limitations of the reaction.
In the first trials of the project the solvent tbe Michael addition was investigated,
addition of the amine directly to the reaction giesd very little product. Because polar
solvents are the most efficient choice for Michaddlitions, the amine was added as an
ethanol solution to the enone (Table 5, Entryl23ter, it was found that yields of the
product were drastically increased when the metteytshloride was stripped from the
enone prior to the addition of the ethanol solubbthe amine (Table 5, Entries 3-5).
Acetonitrile was also used as a solvent, althoughytelds in these cases were
significantly reduced (Table 5, Entry 1). In geadeno significant change in yield was

observed when decreasing the equivalents froml=t¢Table 5, Entries 3-5).

Table 5
o 1. cat. Rh(PPhy)sCl o N
Oy e (0
S/\// 2. pyrolidine, solvent <
64 71
Entry Solvent Eqg. Pyrrolidine % Yield
1 CICN/CH,CI, 5.0 37
2 CECH,OH/CH,CI, 5.0 47
3 GQEH,OH 5.0 94
4 GQEH,OH 25 95
5 GQEH,OH 1.5 94

* isolated yield via column chromatography

The scope of the reaction was then investigatémpes that it would tolerate a variety of
secondary amines (Table 6). Most cyclic secondarines reacted smoothly; where as

more hindered secondary amines such as diisopmpyawere slower and gave low

20



yields of product. Primary amines gave slighthywéo yields than did the secondary

amines. When chiral amines were used such asptalnd leucinol, mixtures of

Table 6
Amine Product % Yield
sois
HN
\:> s " 95
(@] /
N
\
H 93
HN
'S Cff O
86
u”\
HN/\’
‘\/N\ S " 87
N/\\
\\/ O
HN/\ S 76 .
N 64
@—\ ) N?
S 77 52
o) Nﬁ
AN
' Cf\fm 52
H
“ sl @
\© 17
y l
AN 60 \
15
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Amine Product % Yield

e
-

N

s 1 4
T
H
NH, S 82 74
2 NH
HoN
0 O v O
S 75
Lo )
saclEEN el
S 84 76
S NH
sofy
\© 85 76

diastereomers were obtained with ratios of 1.8d i, respectively. Addition of allyl
amine gave poor yields which could be caused bgmia isomerization to the enamine.
All yields in table 6 are optimized and are basedsolation by silica gel
chromatograph$® An aqueous extraction method has also been osedlate the

product albeit with slightly lower yields.

We have also applied this chemistry to 1-aminoesidstituted benzothiepinones
through the formation of the more stable methylssitilited enone intermedia9
(Scheme 22). The alkyn&8, was synthesized by a similar route to that usedlkynal
64 (Scheme 21). 2-Mercaptobenzyl alcol&d, is alkylated with mesylat86 in the

presence of DBU to yield benzyl alcot8. The alcohol87, is then oxidized with

22



Scheme 21

(0]
SH + /S\\O \/\\ benzene S/\/\ benzene %
86 53 % S/\/\

68 87 88

over 2 steps
MnOs, to yield alkynal88. MesylateB6 is prepared by mesylation of pent-3-yn-1-ol with
methanesulfonyl chloride in the presence of pyedikven with relatively unhindered

secondary amines such as dimethylamine, yieldsigngicantly lower than those

Scheme 22
0 0 0 /
y N
H 1. 2% Rh(PPh;)sCl 2. NHMe, \
S/\/\ CH,Cl, s CH3COH20H S
50 %
88 89 ° 90 2.5:1dr

obtained with the terminal alkyne (Scheme ?2Jyclic secondary amines such as

pyrrolidine produce even lower yields (Scheme ZB)e methyl group hinders approach

Scheme 23
O (0] » HN (0] NQ
@\)LH 1. 2% Rh(PPha)sCl @ij/\ '
N CH,CI CH3CH,OH
S AN 2Ll 3LH
/88\/\ 5" 8o 34% s

of the amine during Michael addition. Althoughdbkeaeactions are lower yielding, a
modest degree of selectivity is seen. Dimethylremeacts to form the 1-aminoethyl-

substituted benzothiepinor@), with a diastereomeric ratio of 2.5:1.

Since previous attempts to increase diastereosetggave poor results, a more
selective method was desired. Chiral Lewis batsysds have been studied intensely

for use as asymmetric Michael addition catal¢5tslomogeneous catalysts are

23



sometimes difficult to separate from the producpstymer supported catalysts have
many advantages. Sundararajan and coworkers leaetoped a polymer bound
asymmetric Michael addition catalyst which has besed to direct the addition of
malonates and thiophenols to cyclic and acyclimes® To investigate the potential
use of this catalyst in our tandem hydroacylatioichdel addition reaction, LiAl-poly2A
was synthesized as outlined in Scheme 24 and éseedtin our reaction. 1-
(Chloromethyl) styrene92, is treated with concentrated ammonium hydroxadaftord

Scheme 24

/ 5 94
_ NHOH
60° C methanol 600 C methanol N/\/Ph
35 % o5 OH

benzoyl peroxide
styrene
divinylbenzene
70°C

polymer

polymer

Py
Fep /©A<f
. Ph,
> pd L LiAIH, — /D—o\

a7
\ N ’77@,-
o) o THF HO Ph o

o o°c "o

97

polymer,

polymer

benzyl amin®3. (R)-Styrene oxide€d4, is then opened with benzyl amié&to produce
the G-symmetric aminodiol ligand. Polymerization of figand, 95, is accomplished by
treating with benzoyl peroxide, styrene, and dillblepzene. As a test reaction, alkynal
64 was subjected to hydroacylation conditions for 16 The polymer supported ligand

97 was then activated mitu with LiAIH 4, and added to the reaction mixture. After

24



Scheme 25

O 1. 2mol % Q Q N/\©
H Rh(PPh3)sClI 2. LIAL-poly2A H
s/\/ CH,Cl, 3. NH,CH,Ph 98
64 16h S765 16h S trace
stirring the mixture for 5 minutes, benzylamine vaalsled via syringe. The reaction was
stirred overnight upon which only trace amountprafducto8 were present (Scheme 25).
The non-polymer supported ligand compl®d was also synthesized in a similar method

(Scheme 26) and

Scheme 26

Ph,, Ph
/& 94 ) (\N/\r
Ph LiAIH, O\ /O

60° C Methanol Ph"'(\N/\rPh THF N A

33% OH OH o°c
NH .
99 100 PhA/ N 'Ph

tested in the reaction. (R)-Styrene oxig&, was opened with benzyl amif@ to
produce the &symmetric aminodiol ligand,00, which was activateth situ with
LiAIH 4. The non-polymer bound ligand was then activaiedi subjected to the same

conditions as previously described (Scheme 27jerAf6 h, 19% of the produ@3, was

Scheme 27
0 1. 2 mol % 0 0 \Nf\<:>
" Rh(PPh3)Cl 2. ligand H
,»\\/;?3 CH,Cl, 3. NH,CH,Ph
S 16 h S 16 h s
64 65 98  19%
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isolated. This reaction was not pursued further huthe lack of reactivity.

We also explored steric control of the Michael &iddiby the addition of a ring alpha to
the sulfur atom. A ring substituent could dirdet Michael addition through sterics and
may offer some selectivity. The substrate undeestigation was synthesized using the

route outlined in Scheme 28. Preparation of theyhage used for alkylation was

Scheme 28
3eq. OH 2 eq. MsCl OMs
Li—==+eED W= pyridine =
DMSO 0°-->RT
64 % 103 97 % 104

i\\

OMs OH ”
l.leq 10 eg. MnO, CHO
é‘.\ ©\/\ __benzene @[
“1ieq DBU eq. DBU B s

benzene over 2 steps
105 reflux 107

accomplished by opening of cyclopentene oxi@2,'® with lithium ethylenediamine
acetylide, followed by treatment of the produdi3, with methanesulfonyl chloride in
pyridine. Alkylation of 2-mercapto-benzyl alcohwlas accomplished by reacting it with
mesylate 105, in the presence of DBU to yield alcol@6. Because the product and
starting material had a similag Bn silica gel, the product was not purified after
alkylation. Instead, the crude product was treatgd MnO, and the resultant alkynal
107 was purified on silica gel. To test our hypotkeste alkynall07, was subjected to
Wilkinson’s catalyst in CBHCI, for 16 h. The initial cyclization product(8, via
hydroacylation, could be isolated but only in madetryields, most likely due to its
inherent instability and tendency to dimerize (30B29)*° The solvent was then

removed and pyrrolidine was added as a solutia@thanol and stirred for 16 h. The
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Scheme 29

(o) 10 mol % (@]
I Rh(PPh3):Cl
H CH,Cl,
16 h
S S
107 66% 108

crude reaction mixture contained two diastereoni®%,and110, of an unassigned ratio
of 1.2:1. After purification on neutral aluminathe diastereomeric
aminomethylbenzothiepinones were obtained in 748fdgiand in a ration of 4:1

(Scheme 30). Attempts of purification on silicd were unsuccessful and decomposition

Scheme 30
i \\ 1. 10 mol % Q Q
@\)ﬁ Rh(PPh;);Cl CH3CH20H
—_—
S CH,Cl, 16 h )
16 h S

3. purification on

neutral alumina
108 74 % 4:1 ratio of diastereomers

to the enonel08, was prevalent. To test the stability of the picicon different media,
and also to assess the relative equilibration betvaeastereomers, an original mixture of

ratio 1.2:1 was stirred in different media overnighether. The results are outlined in

Table 7
Media Compounds (9,10) Compoungd (11
10% HCI 1.2:1 0
10% NaOH 1.2:1 0
Fluorisil - Major
Silica 3.1:1 1
Neutral Alumina 1.1:1 3

the table above (Table 7). Decomposition to thenert08, prevailed when fluorisil was
used. Neutral alumina gave the highest ratio haddast decomposition thus it was

chosen as the media for purification. The majastiireomer obtained in the crude
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reaction mixture is also the major diastereomaaradurification. It is reasonable to
assume it is the most thermodynamically stable ygbdWe were unable to assign the
structure of the major diastereomer but MM2 caltoies of torsional energy suggest that
compoundlL09, is energetically more stable. Steric considerastiargue that09 would

be the least strained where the cis fused 5-memberg is trans to the aminomethyl

substituent.

Following the successful synthesis of a tricyckmbothiepinone using this methodology,
a possible new route to dibenzothiepinones becamderg. By introducing a benzene
ring o to the sulfur atom, dibenzothiepinone derivatigesld be produced. To first test
our hypothesis and gain entry into methyl-substdudibenzothiepinones, the

hydroacylation substrat&13, was synthesized via the following route (Scherhe 3

Scheme 31
2.5 mol%
| Pd,(dba)s
©f\OH 5 mol% xantphos
SH ¥ Br 2.0 eq DIPEA Benzene
68 111 dioxane 96%

reflux
93%

First, 2-mercapto-benzylalcoh@8, was coupled to 1-bromovinylbenzedé], via a
palladium cross coupling reaction using Buchwaldditions>° Alcohol 112 was then
oxidized with MnQ to yield the desired hydroacylation substraf, in high yield.
Substratel 13 was then subjected to normal hydroacylation camastusing 10 mol%
Rh(PPR)sCl in dichloromethane and allowed to stir at ro@mperature overnight.
After approximately 16 hours mostly starting matkewas present, although a crude

NMR showed a small amount of hydroacylation produtbstratd 13 was subjected to
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the same conditions as described previously brgflatxing temperatures. After 16
hours, substrat&l3 was completely consumed and an 86% yield of dibémepinone
114 was obtained after purification by silica gel amatography (Scheme 32). To test

the applicability of this method to the

Scheme 32
0 o}
 / 10 mol%
Rh(PPhy),Cl O
S CH2C|2 S O
reflux
113 86% 114

synthesis of aminomethyl-substituted dibenzothiepés using the tandem
hydroacylation-Michael addition strategy, the hyatrglation substratd,17, was
synthesized using a route similar to thaltd (Scheme 33). First, 2-mercapto-

benzylalcohol68, was condensed with 1-bromo-ethynylbenz&ttevia a palladium

Scheme 33

2.5 mol% OH o

X Pd,(dba);

©f\OH \\/© 5 mol% xantphos \\ MnO, l \\
+
SH 2.0 eq DIPEA benzene

Br dioxane S 84% S
68 115 reflux 116 117

61%

cross coupling reaction using Buchwald conditi&ndhe alcohol116, was then
oxidized with MnQ to yield the desired hydroacylation substrate, in high yield.
Subjecting substratEl7 to 10 mol% Wilkinson’s catalyst in dichloromethgmelded no
isolable hydroacylation product after 2 days. Beafig the reaction in either
dichloromethane or dichloroethane for 16 h alsoagtbno sign of hydroacylation
product. After further analysis by mass spectroynand time-resolved NMR

experiments, it seems that the hydroacylation prbchay be formed, but just as quickly
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dimerizes (most likely via an intermolecular het&iels-Alder reactiorff to form
compoundl20, especially at elevated temperatures (SchemeT34g.ability of

Scheme 34

s

(@]
L)
_ RN(PPhaCl T
s CH,Cl, %
or (CHz)zCIz
118

reflux

these compounds to dimerize was what led to theldpment of the tandem
hydroacylation-Michael addition reaction initiallyn hopes of using this strategy for the
synthesis of aminomethyl-substituted dibenzothiepas, hydroacylation dfl8 was

then followed by addition of pyrrolidine as a sodatin ethanol (Scheme 35). After 6

hours none of the desired produk2], was detected, thus it seems that this particular

Scheme 35
fe} . (@]
\\ . 10 mol% 2. pyrolidine N
Rh(PPh3)3CI CH3CH,OH
T oo, O Q 6h O . O
RT, 16h S 121

119 not observed

enone dimerizes rapidly and we have not been aldlad proper conditions for its

isolation or further reaction.

Conclusion
In conclusion, we have described an efficient oaerpethod for the synthesis of a
variety of biologically active benzothiepinonas-Alkynals undergo hydroacylation

rapidly to form cyclic enones which react with aiety of amines to produce

30



aminomethybenzothiepinones in high yields. AltHouwge have only had modest success
in making the reaction selective, our efforts haeduced us to a novel method for the

synthesis of dibenzothiepinones, which we have labémnto prepare in good yields.

Experimental

General Methods. All reactions were carried out under either nitnoge argon
atmosphere, using oven dried glassware, unlessmtigenoted. All reagents were used
as received without further purification, unlesBestvise noted. Tetrahydrofuran was
distilled from from sodium benzophenone ketyl; &tdCl, from Cah. Pyridine,
pyrrolidine, and triethylamine were distilled primr use and stored over molecular
sieves. Rhodiumtris(triphenylphosphine) chlorfdélkinson’s catalyst) was prepared
using a literature procedute.Reaction products were purified using column
chromatography on silica gel (70-230 mesh) usin@hes/ethyl acetate mixtures as the
mobile phase. Thin layer chromatography was peréar using Analtech glass-backed
TLC plates (250 microns), and visualized usigdJV light (254 nm), anisaldehyde

stain, and phosphomolybdic acid stain.

Spectral Data. *H (300 MHz) and*C NMR (75 MHz) spectra were recorded using a
Bruker Avance DPX-300 NMR Spectrometer in CP@hless otherwise noted. Mass
spectrometry data was recorded using a ThermoiP@aBas Chromatograph- Mass

Spectrometer.
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2-Mer captobenzyl alcohol. An oven dried flask, fitted with a dropping fieinwas
charged with LiAlH, (3.94 g, 103.8 mmol) and evacuated and backflgld argon gas.
The flask was then cooled t8@in an ice bath upon which THF (40 mL) was addad.
solution of 2-mercaptobenzoic acid (6.40 g, 41.5atinm THF (40 mL) was then added
drop wise over approximately 1 h. The reaction thas allowed to warm to room
temperature and was stirred for 16 h. Once agi@imeaction mixture was cooled t00
in an ice bath and ethyl acetate (15 mL) and 13%Q4 (60 mL) were added. The gray
mixture was then filtered into a argon flushedklaand extracted in an argon flushed
seperatory funnel containing brine (20 mL) usirtyykacetate (3 x 20 mL). The organic
layer was then dried over p&0O, and concentrateith vacuo to yield 5.30 g, (27.6 mmol,
91%) of the desired product as a pale yellow satid used without any further
purification. *H NMR (300 MHz, CDC}) &: 7.29 (2H, m), 7.14 (2H, m), 4.64 (2H, s),

3.65 (1H, s), 2.71 (1H, bs).

69

Prop-2-ynyl methanesulfonate. To an oven dried flask was added but-3-yne-4-810

g, 57.1 mmol), and pyridine (60 mL) which was tleeoled to 6C in an ice bath.
Methanesulfonyl chloride (4.42 mL, 57.1 mmol) wasled via syringe and the bright
yellow solution allowed to stir at room temperattoe3 h. The resultant orange solution

was added to water (50 mL), extracted using@lK(3 x 30 mL), washed with 10% HCI
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(3 x 20 mL) and brine (3 x 20mL), dried overJS&y, and concentrate vacuo to yield
7.36 g, (49.7 mmol, 87%) of the desired produat gellow oil. *H NMR (300 MHz,
CDCl) 6: 4.31 (2H, tJ=6.7 Hz), 3.07 (3H, s), 2.67 (2H, t8k6.7, 2.7 Hz), 2.10 (1H, tm,

J=2.7 Hz).

o
SW

70

2-(But-3-ynylthio)benzyl alcohol. 2-Mercaptobenzyl alcohol (5.30 g, 37.8 mmol),gpro
2-ynyl methanesulfonate (6.16 g, 41.6 mmol), antzbae (250 mL) were added to an
oven dried flask. To the yellow solution was ad@&U (5.40 mL, 41.0 mmol) via
syringe, and the mixture was stirred at room teapee for 16 h. Water (100 mL) was
then added and the reaction was washed with 109%{3<B0 mL), saturated NaHGO
(3 x 30 mL), brine (3 x 30 mL), and then dried oi&S0O,. The extract was then
concentratedh vacuo to yield 6.58 g, (34.3 mmol, 91%) of the desiredduct as a pale
solid. 'H NMR (300 MHz, CDC}) &: 7.42 (2H, m), 7.28 (2H, m), 4.81 (2H,X6.4

Hz), 3.09 (2H, m), 2.48 (2H, td=7.2, 2.7, Hz), 2.07 (1H, 8=2.7 Hz), 1.57 (1H, s).

2-(But-3-ynylthio)benzaldehyde. 2-(3-Butynylthio)benzyl alcohol (6.58 g, 34.3 roin
benzene (350 mL), and Ma@3.9 g, 343 mmol) were added to an oven drieskfend

stirred at room temperature for 16 h. The mixiues then filtered through celite and
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concentratedh vacuo. The crude product was purified by silica gelacthatography
using 50% CHCI; in hexanes, to yield 4.94 g, (26.0 mmol, 76%)haf desired product
as a yellow solid*H NMR (300 MHz, CDC}) &: 10.43 (1H, s), 7.86 (1H, m), 7.55 (1H,
m), 7.46 (1H, m), 7.35 (1H, tnd=7.2 Hz), 3.13 (2H, t, 7.6 Hz), 2.55 (2H, 7.6, 2.7

Hz), 2.08 (1H, t)=2.7 Hz).

Pent-3-ynyl methanesulfonate. To an oven dried flask was added 3-pentyne-2-di/(

g, 29.4 mmol), and pyridine (30 mL) which was tlweoled to 6C in an ice bath.
Methanesulfonyl chloride (2.28 mL, 29.4 mmol) wasled via syringe and the bright
yellow solution allowed to stir at room temperattoe3 h. The resultant orange solution
was added to water (20 mL), extracted using@lIH(3 x 15 mL), washed with 10% HCI
(3 x 15 mL) and brine (3 x 15mL), dried overJS&y, and concentrated vacuo to yield
3.33 g, (20.6 mmol, 70%) of the desired produa atear oil. *H NMR (300 MHz,

CDCly) 8: 4.27 (2H, tJ=6.8), 3.05 (3H, s), 2.60 (2H, m), 1.79 (2H}%2.9).

2-(3-Pentynylthio)benzaldehyde. 2-Mercaptobenzyl alcohol (1.00 g, 7.33 mmol), 3-
pentynyl methanesulfonate (1.27 g, 7.85 mmol), l@@zene (75 mL) were added to an

oven dried flask. To the yellow solution was ad@&U (1.02 mL, 7.85 mmol) via
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syringe, and the mixture was stirred at room teiapee for 16 h. Water (50 mL) was
then added and the reaction was washed with 109%{3<L5 mL), saturated NaHGO
(3 x 15 mL), brine (3 x 15 mL), and then dried oiX&SO,. The crude product was then
dissolved in benzene (90 mL) and Mn@.62 g, 87.3 mmol) was added. The mixture
was let stir for 3 days at which point it was fiéd through celite and concentratad
vacuo. The crude product was then purified by silichalomatography using 20%
CH.CI,in hexanes to yield 0.766 g, (3.71 mmol, 53%) efdlesired product as a pale
yellow solid. *H NMR (300 MHz, CDC}) &: 10.48 (1H, s), 7.86 (1H, dd=7.7, 1.6 Hz),
7.54 (1H, m), 7.48 (1H, m), 7.34 (1H, td%7.7 Hz), 3.09 (2H, t)=7.4 Hz), 2.49 (2H,

m), 1.77 (3H, s).

General Method for the tandem hydroacylation-Midlzakelition reaction:

@f%f -
ST

3,4-Dihydro-4-((pyrrolidin-1-yl)methyl)benzo[b]thiepin-5(2H)-one. Rh(PPR)sClI
(0.012 g, 0.013 mmol) was added to an oven drid¢deBk flask and then evacuated and
filled with argon gas. 2-(3-butynylthio)benzalgedle (0.120 g, 0.631 mmol) was then
added as a solution in GBI, (7 mL) and the reaction was stirred for 16 h uptich
the solvent was removed and pyrrolidine (0.132 in&8 mmol) was added as a solution
in anhydrous ethanol (1.5 mL). The mixture waewéd to stir at room temperature for

an additional 4 h at which time the solvent wasaeed and the crude residue purified by

silica gel chromatography using a 60:35:5 mixtureexanes/ethyl acetate/methanol to
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yield 0.165 g, (0.631 mmol, 95%) of the desiredduici as an amber otH NMR (300
MHz, CDCk) &: 7.75 (1H, ddJ=7.7, 1.7 Hz), 7.43 (1H, dnd=7.8 Hz), 7.31 (1H, td,
J=7.8, 1.7 Hz), 7.23 (1H, m), 3.73 (1H, m), 3.15 (Hdm,J=14.7, 6.4 Hz), 2.95 (1H,
m), 2.75 (2H, m), 2.43 (5H, m), 1.98 (1H, m), 1(@H, m)."*C NMR (75 MHz, CDC})
0: 205.10, 142.15, 138.67, 130.95, 130.66, 129.86,08, 56.29, 54.76, 48.71, 37.20,
34.21, 23.89.IR (neat) 2957, 2784, 1677, 1585, 1457, 1430, 1385111260, 1199,
1146, 1129, 1078, 1037, 947, 875, 784'criv1S m/z (calcd for GsHooNOS, 262.1266)

obsd 262.1261.

/
N
sol
S
72

4-((Dimethylamino)methyl)-3,4-dihydr obenzo[b]thiepin-5(2H)-one. Refer to general
procedure for tandem hydroacylation-Michael AddititH NMR (300 MHz, CDC}) &:
7.77 (1H, dmJ=7.7 Hz), 7.44 (1H, m), 7.31 (1H, tds8.2 Hz), 7.23 (1H, tm}=7.7 Hz),
3.71 (2H, m), 3.16 (1H, dd=14.7, 6.4 Hz), 2.91 (1H, m), 2.75 (1H, 8£19.2, 5.3 Hz),
2.34 (1H, sep)=6.4 Hz), 2.17 (6H, s), 1.95 (1H, MIC NMR (75 MHz, CDC}) &:
204.44, 141.66, 138.20, 130.60, 130.36, 129.49,672%59.51, 46.90, 45.78, 36.52,
33.81.IR (neat) 3055, 2941, 2855, 2817, 2765, 1678, 1585711430, 1267, 1224,

1197, 1032, 951, 784S m/z (calcd for GsH1gNOS, 236.1109) obsd 236.1104.
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3,4-Dihydr 0-4-(mor pholinomethyl)benzo[b]thiepin-5(2H)-one. Refer to general
procedure for tandem hydroacylation-Michael AdditidH NMR (300 MHz, CDC}) §:
7.75 (1H, ddJ=9.4, 1.7 Hz), 7.44 (1H, m), 7.32 (1H, &%7.7, 1.7 Hz), 7.24 (1H, m),
3.77 (1H, m), 3.62 (4H, m), 3.16 (1H, dd&14.8, 6.4, 1.2 Hz), 2.99 (1H, di12.6, 7.7
Hz), 2.75 (1H, m), 2.55 (1H, m), 2.40 (5H, m), 1(35, m).*C NMR (75 MHz,

CDCl) 6: 204.39, 141.57, 138.23, 130.63, 130.21, 129.8%,78, 66.98, 58.64, 53.77,

46.20, 36.44, 33.76.

0 NC>
ol

S
74

3,4-Dihydro-4-((piperidin-1-yl)methyl)benzo[b]thiepin-5(2H)-one. Refer to general
procedure for tandem hydroacylation-Michael AdditidH NMR (300 MHz, CDC}) &:
7.72 (1H, ddJ=7.7, 1.7 Hz), 7.43 (1H, m), 7.31 (1H, t7.6, 1.7), 7.25 (1H, m), 3.76
(1H, m), 3.14 (1H, ddd}=14.8, 6.3, 1.2 Hz), 2.95 (1H, m), 2.73 (1H,3d14.8, 5.3 Hz),
2.55 (1H, m), 2.30 (5H, m), 1.97 (1H, m), 1.47 (5H), 1.36 (1H, m)>*C NMR (75
MHz, CDCk) 6: 204.93, 141.50, 138.38, 130.49, 130.23, 129.26,64, 58.95, 54.67,

46.55, 36.83, 33.77, 26.02, 24.21.
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4-(1-(Dimethylamino)ethyl)-3,4-dihydr obenzo[b]thiepin-5(2H)-one. Refer to general
procedure for tandem hydroacylation-Michael AdditiMajor diastereometH NMR
(300 MHz, CDC4) &: 7.65 (1H, m), 7.41 (1H, m), 7.31 (1H, m), 7.281(m). 3.56 (1H,
m), 3.27 (1H, m), 3.13 (1H, m), 2.74 (1H, 812.3, 4.9 Hz), 2.51 (1H, sept, J=6.8 Hz),

2.23 (6H, m), 2.02 (1H, m), 0.79 (3H, m).

W\

OH

103

Trans-2-ethynylcyclopentanol®® To an oven dried flask was added lithium
ethylenediamine acetylide (12.66 g, 34.38 mmoB 25% w/w slurry in toluene. The
toluene was evaporat&avacuo, followed by addition of anhydrous DMSO (10 mL)dan
cyclopentene oxide (0.964 g, 11.5 mmol). The brovixture was allowed to stir at

room temperature for 96 h, at which point saturaigaeous NECI was added (25 mL)
and then the mixture was extracted with@E(3 x 25 mL). The combined organic layers
were dried over MgS§) concentratedh vacuo, and subjected to column chromatography
using 10% EtOAc in hexanes. Due to inseparablairitips, the residue was then
purified using Kugelrohr distillation (10C, 14 mm) to yield 0.726 g, (6.67 mmol, 58%)

of the desired product as a clear viscous #il.NMR (300 MHz, CDC}) &: 4.22 (1H, q,
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J=5.6 Hz), 2.57 (1H, m), 2.08 (4H, m), 1.68 (4H, ML NMR (75 MHz, CDC}) 5

86.33, 79.23, 69.58, 39.24, 33.42, 30.73, 21.67.

A%
o

@]

104

W

Trans-2-ethynylcyclopentyl methanesulfonate. Trans-2-ethynylcyclopentanol (0.400
g, 3.63 mmol) was added to an oven dried flaskainimtg freshly distilled pyridine (5
mL). The solution was cooled to 0° C in an icehbattwhich point methanesulfonyl
chloride (0.211 mL, 2.72 mmol) was added via sygiagd the mixture allowed to warm
to room temperature, and stirred for 16 h. Wat@rrL) and CHCI, (10 mL) were then
added to the reaction mixture and the organic layeshed with 10% HCI (3 x 10 mL),
dried over NgSOy, and concentratad vacuo to yield 0.663 g, (3.52 mmol, 97 %) of the
desired product as a viscous yellow 4. NMR (300 MHz, CDC}) &: 5.02 (1H, m),
3.08 (3H, s), 2.96 (1H, m), 2.20 (2H, m), 1.84 (), 1.59 (1H, s)**C NMR (75 MHz,

CDCls) 5: 87.95, 84.31, 71.38, 38.76, 37.47, 32.53, 312234.

CHO/ I
.

Cis-2-(2-ethynylcyclopentylthio)benzaldehyde. Trans-2-ethynylcyclopentyl
methanesulfonate (0.100 g, 0.531 mmol), and 2-rp&vbanzyl alcohol ( 0.068 g, 0.48

mmol) were added to an oven dried flask contaihiegzene (5 mL). To the resultant

39



solution, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DRU)70 mL, 0.53 mmol) was added
via syringe, upon which the reaction mixture imnagely became yellow and was
refluxed for 16 h. Water (10 mL) and @El, (10 mL) were then added and the organic
layer washed with 10% HCI (3 x 10 mL), saturatedesays NaHCg) and dried over
NaSQy. The resultant extract was concentratedacuo and dissolved in benzene (5
mL). To this solution was added Ma(®.430 g, 4.31 mmol) and the heterogeneous
mixture was allowed to stir at room temperature/h. Upon completion, the reaction
was filtered through celite, concentratadiacuo, and purified by silica gel
chromatography using 5% EtOAc in hexanes, to yelb2 g, (0.28 mmol, 52%) of the
desired product as an off-white crystalline solidd NMR (300 MHz, CDC}) §: 10.70
(1H, s), 7.89 (1H, dd}=7.7, 1.2 Hz), 7.56 (2H, dd=7.9, 1.1 Hz), 7.36 (1H, m), 3.62
(1H, q,J=7.2 Hz), 3.07 (1H, m), 2.20 (1H, 3 2.5 Hz), 2.00 (5H, m), 1.70 (1H, m).
BCNMR (75 MHz, CDC4§) 6: 192.41, 141.54, 135.97, 134.31, 132.59, 1327,13,

84.33, 72.61, 51.91, 36.51, 32.62, 32.10, 22.87.

S
108

3,4-Dihydro-cyclopenta[f]-4-methylenebenzo[b]thiepin-5(2H)-one. Rhodium
tris(triphenylphosphine) chloride (0.030 g, 0.03Mah) was added to an oven dried
Schlenk flask, and the flask was then evacuatedaokfilled with argon. A solution of
cis{2-ethynylcyclopentylthio)benzaldehyde (0.075 g3&mol) in dry CHCI, (4 mL)

was then added. The reaction was stirred at reonpérature for 16 h. Upon
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completion, the solvent was removed/acuo, and the residue purified by silica gel
chromatography using 0 -2% EtOAc in hexanes, twyded50 g, (0.22 mmol, 66%) of
the desired product as a near colorless'®INMR (300 MHz, CDC}) &: 7.88 (1H, m),
7.51 (1H, m), 7.41 (2H, m), 5.97 (1H, s), 5.35 ($},3.67 (1H, qJ)=7.8 Hz), 3.19 (1H,
m), 2.19 (1H, m), 1.85 (2H, m), 1.63 (3H, MfC NMR (75 MHz, CDC}) §: 197.64,
150.78, 141.50, 136.08, 134.52, 132.58, 130.92,762820.98, 51.00, 49.19, 32.20,

29.65, 25.71.

L~

S
109, 110

3,4-Dihydro-4-((pyrrolidin-1-yl)methyl)-cyclopenta[f]benzo[b]thiepin-5(2H)-one.
Rhodium tris(triphenylphosphine) chloride (0.0330d)36 mmol) was added to an oven
dried Schlenk flask, and the flask was then evacband backfilled with argon. A
solution of cisf2-ethynylcyclopentylthio)benzaldehyde (0.083 g6hdmol) in dry
CH.Cl, (4 mL) was then added. The reaction was stirtedan temperature for 16 h
upon which the solvent was remov@d/acuo, and a solution of pyrrolidine (0.064 g,
0.90 mmol) in dry ethanol (4 mL) was added viarsyei. The mixture was stirred for an
additional 16 h and the solvent removedacuo. This residue was then purified by
column chromatography using Brockman Activity | Nabalumina and 5% EtOAc in
hexanes as the eluent to yield 0.080 g, (0.27 m8k) of the desired product as 4:1
mixture of diastereomers. Major diastereom#t:NMR (300 MHz, CDC}) &: 7.72

(1H, ddd,J=7.8, 1.6, 0.5 Hz), 7.39 (1H, m), 7.32 (1H, m),37(2H, m), 3.63 (1H, td,
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J=10.0, 2.5 Hz), 3.54 (1H, m), 3.31 (1H, d&12.0, 10.0 Hz), 2.62 (1H, dd&12.0, 2.2
Hz), 2.38 (4H, m), 2.22 (2H, m), 2.06 (1H, m), 1(8H, m), 1.68 (7H, m)>*C NMR
(75 MHz, CDC}) 8: 204.92, 140.89, 138.45, 131.02, 130.38, 129.28,02, 55.49,
54.80, 53.81, 53.69, 52.79, 32.68, 29.41, 24.6B®3Minor diastereomerrH NMR
(300 MHz, CDC#) 5: 8.0 (1H, dddJ=7.9, 1.7, 0.5 Hz), 7.50 (1H, m), 7.39 (1H, td,
J=7.2, 1.7 Hz), 7.30 (1H, m), 3.89 (1H, m), 3.47 (1h), 3.17 (1H, m), 2.86 (1H, m),

2.76 (1H, m), 2.55 (2H, m), 2.45 (2H, m), 1.74 (6k), 1.27 (4H, m).

»d

S

112
2-(2-Vinylphenylthio)benzyl alcohol. 2-mercaptobenzyl alcohol (0.300 g, 2.14 mmol),
1-bromo-2-vinylbenzene (0.276 mL, 2.14 mmol), dismpylethylamine (0.750 mL, 4.29
mmol), and dioxane (20.0 mL) was added to an oviErddound bottom Schlenk flask
with condenser attached. The solution was theastegl 3 times and backfilled with
argon gas, at which point trisdibenzylidene acettipalladium (0.048 g, 0.054 mmol),
and xantphos (0.063 g, 0.108 mmol) were addedtantight brown mixture was again
degassed and backfilled with argon gas. Afteusefig for 16 h the mixture was filtered
through silica gel and purified by silica gel chra@graphy using 10% EtOAc in
hexanes, to yield 0.483 g, (2.01 mmol, 94 %) ofdbsired product as a viscous yellow
oil. *H NMR (300 MHz, CDC4) 5: 7.61 (1H, ddJ=7.7, 1.5 Hz), 7.52 (1H, dnd=9.5
Hz), 7.22 (7TH, m), 5.75 (1H, dd=17.4, 1.2 Hz), 5.36 (1H, dd=11.0, 1.2 Hz), 4.81

(2H, s), 2.12 (1H, broad-$JC NMR (75 MHz, CDC}) §: 141.58, 139.18, 134.61,
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133.78, 133.66, 132.71, 132.14, 128.99, 128.93,812828.14, 128.06, 126.70, 116.95,

63.97.
0]
o
S

2-(2-Vinylphenylthio)benzaldehyde. To a solution of 2-(2-vinylphenylthio)benzyl
alcohol (0.483 g, 1.99 mmol) in benzene (20 mL) added 88% active manganese
oxide (1.97 g, 19.9 mmol) and the mixture was tsimed for 3 days at room
temperature. The mixture was then filtered throoglite and the filtrate concentrated
vacuo. This crude residue was then purified by siliehahromatography using 5 %
EtOAc in hexanes to yield 0.459 g, (1.91 mmol, 960¥the desired product as a yellow
oil. *H NMR (300 MHz, CDC4) 5: 10.36 (1H, s), 7.87 (1H, d&7.5, 1.8 Hz), 7.72
(1H, dd,J=7.8, 1.4 Hz), 7.45 (2H, m), 7.32 (2H, m), 7.22 (BH1=11.0 Hz), 7.16 (1H,

d, J=11.0 Hz), 6.83 (1H, dml=7.9 Hz), 5.75 (1H, dd}=17.4, 1.1 Hz), 5.30 (1H, dd,

J=10.2, 1.1 Hz).

3,4-Dihydr0-2,3-benzo-4-methylbenzo[b]thiepin-5(2H)-one. To a degassed solution of
2-(2-vinylphenylthio)benzaldehyde (0.100 g, 0.41®ah) in dry CHCl, (4 mL) was

added Rhodiumtris(triphenylphosphine) chloride 88.¢, 0.042 mmol). The brick red
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solution was degassed, backfilled with argon gad,rafluxed for 16 h in an oven dried
Schlenk flask with condenser attached. Upon conagpi¢he solvent was removeal
vacuo, and the crude residue purified by silica gel amtography using 30% GBI, in
hexanes to yield 0.0863 g, (0.358 mmol, 86 %) efdbsired product as a pale yellow
oil. 'H NMR (300 MHz, CDC}) &: 8.18 (1H, ddJ=7.9, 1.7 Hz), 7.69 (1H, dni=12.4
Hz), 7.62 (1H, ddJ=7.8, 1.3), 7.44 (3H, m). 7.32 (1H, m), 7.20 (1B, 96 (1H, q,
J=6.7 Hz), 1.73 (3H, dJ=6.7).1*C NMR (75 MHz, CDC}) §: 193.65, 141.80, 140.47,
136.53, 135.03, 132.51, 131.93, 131.52, 130.754173027.07, 126.91, 126.51, 49.28,

13.39.

©5° )
S

116
(2-(2-Ethynylphenylthio)phenyl)methanol. (2-Mercaptophenyl)methanol (0.300 g,
2.14 mmol), 1-bromo-2-ethynylbenzene (0.208 mL42rimol), diisopropylethylamine
(0.750 mL, 4.29 mmol), and dioxane (20.0 mL) wadeatito an oven dried round bottom
Schlenk flask with condenser attached. The salutias then degassed 3 times and
backfilled with argon gas, at which point trisdizgidene acetone dipalladium (0.048 g,
0.054 mmol), and xantphos (0.063 g, 0.108 mmoleveelded and the light brown
mixture was flushed with argon gas. After refluxiior 16 h the mixture was filtered
through silica gel and purified by silica gel cha@graphy using 10% EtOAc in

hexanes, to yield 0.314 g, (1.31 mmol, 61 %) ofdksired product as a viscous diH
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NMR (300 MHz, CDC}) §: 7.60 (1H , m), 7.48 (3H, m), 7.36 (1H, m), 7(2#, gqm,

J=7.5 Hz), 6.77 (1H, dm]=9.2 Hz), 4.80 (2H, s), 3.48 (1H, s), 2.15 (1H,dutes).

!
S

117
2-(2-Ethynylphenylthio)benzaldehyde. To a solution of (2-(2-
ethynylphenylthio)phenyl)methanol (0.314 g, 1.31 oi)nom benzene (15 mL) was added
88% active manganese oxide (1.29 g, 13.1 mmol}faadixture was then stirred for 3
days at room temperature. The mixture was therdidl through celite and the filtrate
concentratedn vacuo. This crude residue was then purified by silieaghromatography
using 2-5 % B in hexanes to yield 0.262 g, (1.10 mmol, 84 %ihefdesired product
as a yellow oil.'"H NMR (300 MHz, CDC}) &: 10.48 (1H, s), 7.96 (1H, d&7.5, 1.8

Hz), 7.59 (1H, m), 7.52 (1H, m), 7.43 (1H, m), 7(3®, m), 7.19 (1H, m), 3.35 (1H, s).
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Spectral Data
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o 77423
0.400

126.031
TT.847

o

!

77.000
37.197

1

142 145

T

%

B R ey (R P QR it

na
(&1

Current Data Parameters

MAME dad2ic
EXPRO 1
PROCHO 1

Fa - acquisition Parameters

Date_ 20030630

Tima 15.48
TNSTAUM spect
FROEHD 5 mm BAD BB-
AULFAGG rgpa3o

0 55536
SOLYENT coela

K] 2048

0s 4

SHH 16832393 Hz
FIDRES 0, 287350 Hz
AQ 1, 7400308 sec
AG 4597 .6

0w 26,550 usec
OF §.00 usec
TE 300.0 K

04 2.00000000 sec
i1 0.03000000 sec
iz 9, 00002000 sec
s=e===sm=ens CHANNEL ! ==s=ssssssam
MNUCT $30

(231 710 usec
PLY -1.50 dB
SF01 75.4760200 MKz
senreamaears CHANNEL 2 =rensdnmmee:
CFDPAG2 waltzib
NLC2 AH
PCPO2 80.00 usec
PL2 0.00 dB
FLi2 1B8.00 dB
FL13 18.00 dB
sFo2 300, 1312005 #Hz
F2 - Processing peramaters
51 32760

5F 75, 4677190 MHz
HOW na

558 0

Li 0,00 Hz
Ga J

PC 1,40

il NMA olob parameters

Cx 26,00 cm
Fie Bi4. 650 ppmn

Fi1 16099 ,12 H2

Fau =7, 153 pon
F2 ~543.22 Hz
ARHOM 41.08239 ppn/em
204 53711743 Hz fem
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Peak finding results far: 2/17/04 11:23:58 AM
Frequency: 649,89 - 3999.64, Hfmm:oa 85.115, sensitivity: 50, oo
Peak finding result »mw_m .

Y Transmittance

Peaké | _+ 2 3 | 4 5 .6 [ 7 [ 8 | a
|Position | 2057.29 | 2784.25 | 1677.15 | 1585.92 | 1457.77 | 143040 | 1387.06 | 1351.86 | 1270.18
& zQ Height | 80.405 | 79.286 | 47.046 | 74.354 | 79,724 | 70.531 | 83.074 | 83.020 | 67.288
‘Peak# 10 | 1 12 13 14 15 16 [ 17 18 |
Position | 119912 | 1146.54 | 1129.52 | 1078.47 | 1037.02 | 947.70 | 875.09 | 784.73 | 742.08
s~ 7 [Height | 66.958 | 74.043 | 71284 | 75.932 | 76.796 | 73592 | 77.867 | 73.295 | 36.038
FT-IR Peak# 19 20 |
Position | 696.76 | 671.03 1
Height | 77.694 | 80.071 |
m ‘..\\\\u\' B l - j)__ _\\lj
- ! b
| _,_ ,_ ,.\ y \k 1 f
907 Lo e | b i p_,) |
R L \ i I _
* WY LI |
| Lo e i
o Ty ._ Lo ¥
5 1] ;
& R | & & o g
W 8 9| ¥
\ a8 ey %
L2
(=)}
50 _ |
=
R
401 =
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 800

Wavenumbers (¢cm-1)
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LA L R o I o e A B R M e S 0 1 TR I Y B o Y e Y i W Y o I . A B . I B
(oA Ve Y oY (R U VI o VA o Wi o, U A VI S VA S VI Y I U W ¥ Y I
| } P L1 | |
|
|
|
| N
| L
|
| s
|
|
1
_ H, CDCl,
I
- O || Ly | U {p] S (=IO (WO ||
M ||| Sl (M=~~~
& [=RINielE g 1888835*5 =)
o || eu|m BOOEOEFJ.,JI. |
- g . I Y
E =t || ==t | U e R R R R N R =g
TTTTT T L B B e B e e o B e B R B S SR RGN e

ppm 10 8 5] 4 2

0

EXPNO 1
PROCNO i

F2 - Acquisition Parameters

Oate_ 20080615

Time 22.15
INSTRUM spect
PROBHD 5 mm BED BB-
PULPROG 030

0 55536
SOLVENT Coci3

NS 16

0s 2

SWH 6172.839 Hz
FIDRES 0.094190 Hz
AQ 5. 3084660 sec
RG 114

Ow B1.000 usec
DE 6.00 usec
TE 300.0 K

01 1.00000000 sec
=emms=sme=ses CHANNEL f} s=se=e==.
NUCY iH

P1 14.00 usec
PL1 0.00 dB
5F01 300. 1318534 MHz

F2 - Processing parameters

SI 32768
SF 300, 12995887 MHz
WOW na
558 4]
LB 4.00 Hz
GB M
PC 1.00

10 MMA plok parameters

X 20.00 cm
Fap 12.056 ppm
Fa 3618.32 Hz
Fep -0.838 ppm
F2 -251.63 Hz
PPHMCM 0.64471 ppm/em
HZEM 193.49741 Hz/cm
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ppm
5 204.435
U 130.598
U 130.363
U 129.493
U 125.674
77.487
77.064
76.640
@ 45.782
—1 36.520
B W
S5 1B.416
0.000

__——5 141.664
—S 138,204

__—T 53,514
TT~——5 5BB.244
__—0 46.903

Current Data Parameters

NAME hdbiii054dept
EXPND i
PROCNG i

F2 - Acquisition Parameters
Date_ 20050616
Time 11,35
INSTRUM spect
PROAHD 5 mm BBO BB~
PULPROG 7apgq30

0 65538
SOLYENT cocis

NS 4096

05 2

ShiH 17985 611 Hz
FIDRES 0.274438 Hz
AQ 1.8219508 sec
RG 16384

i’y 27 800 usec
DE 6.00 usec
TE 300.0 K

b1 2.00000000 sec
D1t (.03000000 sec
o2 0.00002000 sec
mzessmsessan CHANNEL §] =eos-rsssccs
NUCY tac

P1 7.40 usec
PLY -1.50 d8
F01 75.4752653 MMz
=amnuemsssan CHANNEL f2 me=rsca=ees
CPDPRGE waltz1g

huc2 1H
PCPO2 B0.00 usec
FL2 0.00 dB8
PLi2 18.00 d8
PL13 18,00 dB8
5F02 300.1312005 MHz
F2 - Processing parameters
81 32768

SF 75.4677491 MHz
WOW EM

558 4]

LB 1.00 Hz
GB 1]

PG 1.40

10 NMR plot parameters

Cx 20,00 cm
Fip 21B.756 ppm
F1 16509.03 He
Fap =18.566 ppm
Fa ~{476.58 Hz
PIPHCH $1.91608 ppm/em
HEZCM B85, 28058 Hz/cm
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| Peakd

1

2

3

Wavenumbers (cm-1)

4 5 6 7 8 9
Position 3055.85 2041.50 2855.48 2817.88 2765.17 1678.19 1585.96 1457.54 1430.83
Height | 95.750 83.401 89.043 83307 | 81.177 46.856 73537 68.005 67.431
Peals 10 11 12 1 13 14 15 | 18 ]
Posiion | 126752 1224.12 119743 | 103228 951.53 784.60 743.00
Height | 83695 | 67458 69280 | 60.046 63,013 68.356 34.352 w )
6707105753830 PM e B ——— S S
2\
Tp}
90f gl /)
J : N
FLEM (1
2 e M
801 ﬁ ﬁ_..u | 4_ j ‘ﬁ
§ &g “_) i
mw o i w
um 0 Z\ & ;L f d
i s
.m Uwo / % W oy -
: : B of |l #
X 60 5- e
& &N
FT-IR o -
= !
50
=] i
i i
2 |
40, =
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
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M~ 0 O @IS WM OO Mo DM 0000w 00 M@ 1000~ W0 Mmoo s PROCNO 1

L0 = MMl OO~~~ J D00 OO MM~ 0w A~ Do [

L e R IR T TS R I T B e B B B S s S 1 I B v e = 5 O S ) e G L L N i i |

(SRR R AR U VR A IR A e T TR TR AV el F2 - Acquisition Parame
|

TS\ N o

PHOBHD 5 mm 880 BB-

PULPADG zg30
0 37036
| SOLVENT coela
. NS 16
AR 05 2
_ g N O SHH 6172 .83
_ R I FIDAES 0. 166671
Al 2.999955¢
AG 128
O B1.00C
| S 73 DE £.0C
_ TE 300.C
'H, CDCly aft 1.0000000C
=====ce=smes CHANNEL 1
NUCH 1t
Pi 11.0C
PLL 0.0¢
SFO4 30013168532
F2 - Pracessing paramet
51 32768
SF 300, 13000 1€
WEW ne
558 ¢
LB .00
B ¢
PC 1.0C
\ | 1D NMA plot parameters
; ,/k cx 20.0¢
s g * 4 F1P 12.00¢
F1 3602 BE
! | N Fop 0.9
,/ F2 -280.9:

O =1 oo |<r{o|tDla{sT| =T -
e R R T
S| olou O =t | QU | D[~ O S| 0| =T |y = -

1.1,_8 P [ s R B B ) e

S 0 S I B I (a1 4 (e i S 2 I 0 I ) e T I 10 e 0 e o ) 8 O N B SR T TTTTTT TTTTT1T TTT T TT TT T T 0% 100 S I B G () 0 0 WD O D i TTTTTTT
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5 2U4. 35b
———5 138.228
0 130.625
=—0 430.243
D 129.511
0 125.730

5 141.568

==

H m % m M._.; M _@3._ M m muu NAME hdbiii077dept

T o W o~ =~ ~ o EXPNO 1

~~WWw @@ O WM o PADCND 1
M~ f~ M~ 3 [To RN o B m m

- SRS — F2 - Acquisition Parame

Date _ 20050813

\ Time 14.57

INSTRUM spect

i SRO8HD 5 mm BBO BB-

PULPROG zgpgal

™ 6553€

SOLYENT coelz

NS 6144

bs z

Sk 17085.611

FIORES 0.27443¢

AQ 1.821950F

RG 16384

OW 27, BoC

DE 6.0C

TE 300.C

(k] 2.,0000000C

0i1 0.03G0000C

012 0.0000200C

se==cs==sz=s=== CHANNEL f1

NLIC | 13

P1 7.1€

PL1 e o

5F01 75, 4752650

============ CHANMEL f©

CPOPAG2 waltz ik

NuCc2 it

PCPDA a0,0c

L2 0.0

PL12 i8.00

PL13 18.0¢

SFD2 300 131200¢

Fg2 - Processing parame

ST 3276t

SF 79467749,

WO Et

558 [

LB 1.0

6B (

PC 1,40

i0 NMR plaot parameters

ALy il L

i L FiP 216,75

Fi 16304 6!

Fa& -19.571

I — Fa ~1476.9;
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I} 10 W0~ O
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Mmoo Mmool
al oy Od Ol U

f

2226.50

74

H, CDCl5

2225.21
2184 .82
2193.20
2181.11

2180.77

2169,79
2158.50

1129.69
1122.87
932.85

883.43
876.03
773.49
768.33
593.87

s
=

1.0000

f | /
ol 0|~ |od|m)m]m o
M oo || =g =] | =
m T |0|R|o|T|~ <
fa) o|S|o|S|n|w ™
= ,...1111151 _:...

Ff_;"
7
e

8.3311

| L O e it e e ) I ) R s ) e R O 3 i (2 Bl

S—

EXPNO 1
PROCND i
F2 - Acguisition Parame
Date_ 20050811
Time 1929
INSTRUM spect
PROBHD 5 mm BBO BE-
PULPROG 7030
o A7036
SOLVENT £oc1a
NS 16
DS 2
SWH 6172, 839
FIDRES 0. 166671
A0 2.9999659
AG 128
0w B1.000
OE 5.00
TE 300.0
[0 1.00000000
=s========== [HANNEL f]
NUC1 ik
P 11,00
PL1 0.0¢
SFO1 300, 1318534

f2 - Processing paramet

SI 3276E
SF 300.130004C
WOW ne
558 C
LB 0.0¢
GB C
pc 1.0C

4D NMA plot parameters

Cx 20.0C
F1pP 11.88¢
F1 3579 .9
Fer -1.057
F2 =517 Q¢
PPMCM 0. 6492%
HZCM 194, 8600¢
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Current Data Parameters
NAME nobiii1076dept
EXPND 1
FROCNO 1

o MM om o, n < oW ST @ om0 e o
hY) © 00 m oM 0w m o I [Ty] 0 W o~ < (]
pil I M <T O3 ST W T o W (=) {s] [ie] M~ Oy [aw)
T - oo om0 r~ o~ 0 MY W Mmoo o
5 T MMM Al M~ O = ®mm oy
% e RN
n (42108130 [ o I e s Y | — = ] [ el el
1 | |
| |
_.
_ 74
1
wO~OUO_m
o PRI Tl I AT | 0 I 5 oo
._|m|l_|u|..|lﬂlﬁ._ T | M | LI T _, T _m T 7
200 175 150 125 100 75 50 25 0

Fg - Acquisition Parame

Oate 20050812
Time 13.1¢
IRSTRUM Speck
AROAED 5 mm BHO 8B-
AULPROG 20pg3C
™ BS53E
SOLYENT Coclz
NS g120
0s H
SWH 179685 611
FIORES 0.27443C
ad 1.821950F
fiti 1638
D 27,800
DE 6.0C
TE 300.¢
Di 2.0000000C
D11 0.9300000C
D12 0.0000200C
s=========== CHANNEL f1
NUCT 130
Pi 7.0
PL1 -1.50
SFO1 75. 4752652
s=========== CHANNEL fz
CPDPRGE waltz i€
Huc2 ik
PCPO2 80.0C
PLE 0.00
PL12 18.0C
PL13 18.0C
SFo2 3001312008

F2 = Processing paramet

SI 3276E
SF 75 467743
WD Eb
558 {
LB 1.0¢
GB (
PC 1,40

10 NMHA plot parametérs
i 20.0¢
248,756
16569, 00
-19.561
-1476. 5t
11.9460¢
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[Ts) MG ~— O T O T O 00w Wod M oMUl oW o= o T EXPND 1
= — 0Ol MWDo = Mo O WwWm OO <IN 0=« 00 o

o Rt it =T s s = SEE S = Sl S B oY B R 0O o DD oS DO~ O~ T 6d ST PROCND 1
w NOoO O Do Qo ogDmioin N~ DOY NS DU T OO Mo o

m MMMHBHBHBHHQ P~ M~ M~ 1200w = = Mmoo o F2 - Acquisition Parame

| | Date 20050809

/ / \\\\h\_\_ “ Time 13.29

\ _ NS THUM spect

! LI PADBHD 5 mm BAD 8B-

PULPROG zqpg30

10 E5536

SOLVENT COC13

NS 5120

D5 2

O Z\ SHH 179685 . 611

/ FIDRES 0.274439

Al 1.8219508

| RG 16384

| OW 27,800

S | DE 6.00

| TE 300.0

90 [ ot 2.00000000

He: cogl D11 0.03000000

Di2 0.00002000

sme=e=sexmes CHANNEL f1

NUC 13c

P 7.40

PL1 =1..50

SFOL 754792653

mesmsmems=ss CHANNEL fZ

CPOPAGE waltz1e

NUC2 1+

PCPO2 d0.0c

PL2 ¢.0¢C

PL1Z2 18.0C

PL13 iB,0C

SF02 300. 1312005

F2 - Processing parameb

65

51 3276E

Sk 754677190

WOW na

558 ¢

L8 0.0¢

Ga [

EC 1.40

10 NMA plot parameters

) i Cx 20,00

" Fip 219, 15¢
F1i 16539, 08

Fa2& -19.167

T T F2 -1446 .52
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o o [ I T g S T s N i o0 B 0 B B B ¥ VR oV R SV e e s B B = I

e A1 0d O A~ DWW oW Do n N WwW0n oo D

Y - F2 - Acquisition Parame

=

ﬁ/f /%&\\\\\\L\LX Date_ 20060921
= . =8

PHADBHD 5 mm BBO BB-

PULFADG 2930
i8] 65536
SOLMENT cocl3
NS 16
OH DS 2
SHH 6172.839
W= FIDAES 0.094190
A 5. 30B4860
AG 128
DW B1.000
103 0E 5.00
TE 300.0
H, CDCl, D1 1.00000000
s=========== CHANNEL 1
NUC n
P1 11.00
PL1 0.00
SFO 300.1318534
F2 - Processing paramet
81 3276k
SF 300, 130000C
WOMW no
558 C
LB 0.0¢
o8 c
pC 1.0
li ?Fr 10 NMA plot parameters
cx 20.0¢
S ——— i . L F1p 12.04¢
Fi 3604 4¢
Fop -0.99¢
Fa ~299 .67
) n — (58] i
S g 18] |8 mw%z Em_wwmm
foe ) [E=2] o | =]
5 ol <] I«

FETTTOET FIE T F L T T LI 6 T o B e S o B I i B U 150 e 0 R 5 O M e U O S e ) B 0 L 0 I i 8
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86.71356
79.6156
77.8605
77.6411
77.4368
77.0126
69,9594

—39.6350

——33.8019
— ——34.1195

22.0804

TT— 0.3848

—

W

EXFND Y949
PROCHND 1

F2 - Acquisition Parameter

Date 20060921
Time 16. 40
INSTRUM speck
PROBHO 5 mm BBO BB-
PULPROG zgpg30
0 65536
SOLVENT cOoc13
NS 2508
os 4
SWH {8832 ,393
FIDRES 0. 287360
{1} i.7400308
RG B192
DWW 26.550
DE B.00
TE 300.0
01 2.00000000
155} 0.03000000
ma 0.00002000
smmmzss===== CHANMEL 1
KUC1 13C
P1 7.10
PL1 ~-1.50
SF01 754760200

sesmsessssss [HANNEL 2

CROPAG2 waltz16
NUC2 1H
PCRD2 B0.00
PL2 0.00
PLA2 18.00
PLI3 18.400
SFo2 200.1312005

Ml

de
de
de
ME

F2 - Processing parameters

81 32768
SF 75 4B77150
WOW no
558 o
L8 0.00
68 0
PC 1.40

10 NMA plot parameters

CX a0. 00
FiP 199, 78S
F1 15077.29
Fep -10.095
F2 -761.87

M-

Hz

cn
PE
Hz
BE
Hz
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2782.11

A\

104
'H, cDCl4

2185.15

2184.85

b

~1596.43

1514.77

1510.85

1508.37

1506.26

1504 .11

1499.70

1109.47
1109.00

-

b857.90
657.42
558.86
557.83
552.43

551.53

0.94
545.88

fy]
i)

545.30
44 .62
477 .71
8
7

S

2 I e e T

TTTTIEFTETT ER TR T T LT T LIt

5 R ) O L D I 0 U

1.0000

3.1653

3.1118
4.1978
1.1549

TTTTTTTTT

LI 5 I

TTTTTTTTT

EXPNO 9939
PROCNO 1
F2 - Acquisition Parame
Date_ 20060928
Time 1447
INSTAUM spect
PAOBHD 5 mm BBO BB-
PULPAOG 2930
0 6553
SOLVENT Coc1z
NS 1E
0s c
ShiH §172.83¢
FIDRES 0.09419¢C
Al 53084660
G 7
0w 81.00C
DE 6.0C
TE 300.¢
o1 1,0000000C
====zsmazzs== CHANNEL f1
NUCH 1t
Py 11.0C
PL{ 0.0t
SFO1 300, 131853+

F2 - Processing paramet

51 3276
SF 300.130000¢
WDW ne
558 {
LB .00
GB (
PC 1.00

10 NMA plot parameters

CX 20.0¢
F1p 11.96¢
F1 3590.8:
Fep -0.900
Fa -a72.3:
PRMCM 0. 6435t
HZCM 193. 1567+
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88. 1902
87.9469

=—=87.6933
—84.3142

77.8149
77.6829
77.4802
77.0655
71.38B33
38.7648
37.8878
37.4716
37.2582
37.2055
32.5293
32.3168
32.2707
31.4243
31.2349
30.0649
22.6369
22.4389

X

J
§

14.5118

——

EXPND 1
PAOCHO 1
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F2 - Acquisition ParameLer

Date . 20061018
Time 2.40
IHSTHUM spect
PADHEHD 5 mm BBO 88—
PULPROG 29pg30
T 65536
SOLVENT COoC13
MS 7168
05 4
SHH 18832, 393 Hz
FIDAES 0.287360 Hz
AR 1.7400308 se
AG 16394
OW 26.550 us
8] 6.00 us
TE 0.0 K
01 2.00000000 se
014 0.03000000 se
012 0.00002000 se
s============ [CHANNEL F1 ==
NUCH 13C
P1 7.10 us
PL1 -1.50 di
SFO1 75. 4760200 M-
============ [HANNEL f2 ==
CPOPRG2 walkz16
NUC2 1H
PCPD2 60.00 us
PL2 0,00 gk
PLi2 18.00 dE
PL13 18.00 dE
SFO2 300, 1312005 M-

F2 - Processing parameterc

SI 32768
5F TH_ 4677190 Mk
HOW no
558 0
LB 0.00 Hz
GB 0
ac 1.40

10 WMB plot parameters

Cx 20.00 cn
Fip 200.336 pr
F1 151168.B7 Hz
Fep -B.443 pr
Fe -637.15 Hz



TS~—3190.58

2372.56

WO~ U MO ST OO0 oW 0N s 0D s M0 T WS = (00 o0 EXPNO 9999
Ao MU Mmool woM:EoSTm W0 OO O@D=— S oMW = 0 O~ — 00a

U= T M DO~ @M~ — 0O M M~ OO WS 000 WO 0SS =~ )0 — 0u o O PROCND !
QOO ESOEREEE S <00 DDA = S@mOD = o0 o0 o ndago
333322222222222100009999? DO @ 0 WM DD 0N
«q?ﬂrEEEEEEEE ooyl 1.1.14r.. Fe2 - Acquisition Parame

\\\\\L L \\\\L Date_ 20061009
;f, Time 19.42
INSTAUNM spect

PROBHD 5 mm B8O B8-

PULPROG zg30

0 65536

___ SOLVENT cocia
: NS 16

CHO DS a

S £172.839

FIDAES 0.094190

S AR 5. 3084660

AG 322.5

| e o e
H, CDCl, TE 3000
01 1.00000000

memms======s CHANNEL 1

NUC1 1H

P1 11.00

PL1 .00

SFO1 30013168534

Fe - Processing paramet

| S 32768

SF 300.1300000

WoW no

& r 558 0

L.B 0.00

GB 1]

PC 1.00

1D NMR plot parameters

i | €x 20.00
o) L _ _ k\ﬂ e Fip 12,123

1.0000

Fi1 3638.91
Fep -, 830
F2 =279.13
milwo|w -r ~ |~ g 3
Mtk 3 ]l [BlElE o Be i
— | — — - =i :
| | he ol

]!
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NAME dad-3-1i-carbo
D ~ O <T & O (o R i S o o) I~ [V VR To Ty EXPNO 9999
> Mmoo o~ ol M mmo o =] — 0o @
I 0D g Mmoo - Mmoo oo @ N W o © FROCNG i
¢ -0 T o~ < P~~~ 0 — WAoo
m M. B ﬂ mm ,H_. mia o~ [~ M~ I~ ™~ i) m Mmoo od F2 - acquisition Parameter
i i Date_ 20061010
Timg §.20
INSTAUM sSpect
FROBH 5 mm BBO BB-
PULPROG zgpg30
_ T B5536
| SOLVENT Coc13
_ ‘ \ NG 5120
03 4
_ CHO SHH {BAI2.393 Hz
7 FIDRES 0.2B7360 Hz
Ad 1.7400308 se
m HE 16384
DK 26.550 us
107 3 6.00 us
TE 300.0 K
Amo_ O—UO_w 0 2. 00000000 se
D11 0. 03000000 se
bi2 0. 00002000 se
s=========== CHANNEL fi ==
NUCA 13C
Pi 7.10 us
PL1 -1.50 dB
SFOL 75. 4760200 M-
============ JHANNEL 2 ==
CPDPRGZ waltzib
MUCE 1H
pCPO2 B, 00 us
PL2 0.00 dE
PL12 18.00 dE
PL13 18.00 dE
SFO2 300, 1312005 ME
F2 - Processing parametere
SI 32768
SF 784677190 Mk
HOW no
SEB 0
LB 0,00 Hz
Ge 0
e 1.40
1D NMA plot parameters
Cx 20.00 cn
F1P 200,336 pr
F1 1511B. 87 Hz
Fep -7.6816 pp

T T e B B e B e e B R B e e R e Fa -574.79 H:
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R S - Y Vs O S Ty W0 o Gl N € S e W WY OO S Vo BT 5 N R o U .0 B oV B Vo B o I v o M0 I d 0 o @ B o 0 M@ I 4 VI o VI NI 0 4 B o ) B T S Y Bl o 0 M o £XPND 1
UM~ MO MWD OO0 = OO —M~S0MO OM~OTIWIWN ST @ o oo
EPrEEEr AR REE R L e iR B PROCNO !
??B565555222221.1899990000965009999998888
[ g g T B T A O YA oY VAR YV o e ot i = B = = B [S)ITS BRTS IS s s S S S A S A ]
L A Y U o o Y o W o W W o o o Y o W o T o B o B o N B B B -~ F2 - Acguisition Parame
_L L _ L\L pate_ 20061107
Time 14.42
INSTHRUM spect
PROBHD 5 mm BBOQ BB-
PULPROG zg30
= T 5536
SOLVENT COC13
Q NS 16
DS 2
SWH 6172.839
FIORES 0.0941890
A0 5. 3084660
] | A6 267 .4
(i} B81.000
108 OE 6.00
H, CDCly TE 300.0
01 1.00000000
============ CHANNEL £1
NUC1 1H
P 11.00
PL1 0.00
SFC4 300, 13108534
F2 - Pracessing paramet
51 32764
SF 300.1300000
| Wi no
- s I 558 0
LB 0.00
GB a
pC 1.00
N, ] ] B, i0 WMA plot parameters
o | g
P " A - FiP 12,010
F 3604 . 44
Fap ~0.93C
/ / / Fe =279.13%
=l | mu m%_ = fou... |5 % ﬂ FPPMCM 0. G469E
=1k m 5] Al @ T o HZCM 194. 17872
o) @ =1 = = = k=] < =
1.4 " n: .,“7 - ‘1,_ [ -
L o e e O o o e R 8 U I R O A B L 5 [ 0 T 2 B [ (S O T 5 e O G N I e 6 5 o A (2 A N S0 96 N O I I M M B I S I ) e Y N ¥ 6 T O D 0
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b= 0 Moo Mmoo o w3 o M =T 0 M =T
= M O~ & M = D o [Fp L S L T [ e o T e
w M~ =r ol w0 m~ao w w = o = O ==t WD~
TL o =D T 0 O Do P P P P == N o O O Ul
(o] s =y m 7 (M oy oy P PP o =r m M 0d o0
o B T R ]
13
C, CDCl,
; L P e d e
| B T T g = At T ==nt=—" T T T T  EEEEEE S

EAMNU 1
PROCNG 1

fF2 - Acquisition Parameter

Date_ 20061108
e a.59
INSTRUM spect
FROBHD 5 mn BBO BB-
PULPRAOG zgpg30
m 65536
SOLVENT CoC13
NG 7166
oS 4
SHH 18832, 383
FI0RES 0.287360
I 17400308
AG a192
oW 26.550
ne §.00
1E 300.0
04 2.00000000
014 003000000
012 000002000
============ CHANNEL 1
HUC§ 13
A 7.18
a1 -1,50
SFO1 734760200
============ CHANNEL {2
CPOPAG2 Weltz16
NuC2 H
PCAD2 80,00
pL2 0.00
PLA2 18.00
PL13 18.00
SFO2 300 §312005

e
dE
dE
dE
ME

F2 - Processing parameters

51 32768
SF 78, 4677190
WOW na
S5B 0
LB 0.00
GB 0
PC 1. 40

iD NMA plot parameters

Cx 20.00
F1p a01. 162
F1 15183.23
Fer -6.515
Fa -491.65

M

cn
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o

109, 110
'H, CDClg

P e

I 0 0O @ = (4 =7 O~ 0D M 3 o« 3 ol W O MWy <+t =t = W 0N O N O~ s o= DO 00w Ul
O W @M~ = MO oS 0O~ @O M0 00O mO 0T 0T O U)W WD W a0 0
M= MO0 oS O 0o < 57 00 @ U0 === oUW oo @) Mmoo @ u oo
1 O = = == = T O =0 ~ = O 1 O M~ M~ 0w 0o 0 M~ 0 O] 0= O M 0d 0l 0d 0l = o O M O
Lon IS I T o T O I I o O L U o S e e e o O e o Y v v Y 5 1 Y 1 e e Y S oY P N O T A B O o R 0 O 9 R ol
(VRN e VRN VIR oV R oV VR vEN oV N VN e U Gt VRN oV i o Vi a VA & VAN A VI G VI B

s

o

1.000
1.348
1.083 —
6.266
3.641
1,330
1.023
0,968
1.011
_3.683

©7.300
2.770
1.662
19.563

|

EXPNO
FROCND

959583
1

F2 - Acquisition Parame

Date_
Time
INSTRUM
PROBHD
PULPROG
T
SOLVENT
NS

0s

SHH
FLDRES
a0

AG

W

200610610
15.00
spect

5 mm BEO BB-
2030
65636
Coc13

i6

2
6172.839
0.094190
5, 3084660
128

B1.000
6.00

300.0
1.00000000

=== CHANNEL f1

1H

11.00

0.00
300.1318534

F& - Pracessing paramet

§I
SF
WOW
558
LB
5B
PC

32768

300, 1300000
no

0

0.00

0

1.00

10 MMA plot parameters

LK
Fip
F1
FoR
Fa
PPHCH
HZCM

20.00
12.085
3618.07
0.001
0.21
0.60271
180 89282
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DO — — @ —M~MUO=0 s~ QN M~ O Q== Mg DM~ WD oo S~ oY oo
VM DO M~ MO O MO g0~ T T ;T T _.Q UM o M WM = T 0O W00l o0 =T
O MM OO st s @O0y = O oM M~ D W = = Ty M = M~ 0 M~
MW =T < = =T <7 0 0= OO0 OO st st w1 w1 =1 O P~ P~ M P~ P~ P~ M~ L7 Wy =r =<7 =r = (7 (M
e [N i U o W ¥ B o W W o, YR W 1 B o B Bt S o R T B O U e B e B B Bl r _

L

7
’
%

B LN

O

S

109, 110
Major

1H, CDCls

1000
2.08!
0.950

L2
0.1498
4.726

0.965
11.666

e T T R T T T S T T T T T T T S BT T R R T T T O T T T T TR R T L DT BRI B R R T T T T BT T T

EXFNO 9999
PROCNO 1

F2 - Acquisition Parame

Date_ 20061017
Time 14 .28
INSTRUM spect
FROBHD 5 mm BBO BB-
PULPRDG 2930
D 65536
SOLVENT Cen6
NS i6
Ds 2
SHH 0172.B39
FIDAES {.094190
A0 53084660
RG 406.4
O B1.000
OE 6.00
TE 300.0
D1 1.00000000
============ [CHANNEL f1
NUCH iH
P 11.060
PLE 0.00
EFM 3001318534

£2 - Processing paramet

SI 32764
SF 300.1300000
WOW no
5SB 0
LB 0.00
68 ]
PC 1.00

10 NMR plot parameters

CX 20.00
FiP 12.10C
F1 3631 .65
g -0.02e
Fa -6.6C
PRMCM 0.6061z
HZCM 18191481
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i

2401 .41
2401.07
2399.74
236937

~2407.63

O

S

109, 110
Minor

TH, CDCl,

2256.37
2290.11
2249.57
2248 .67

LI I S 5 e B I I A N I L D O R A

1.000
201
4,088

TITTI T T T Tk

2248.31

m
m
o
=t
o
(a¥]

2216 .65
2198.54

2192.12
2191.36

\

S

2190.79

1166.42
048.66
1041.71
858.26
767.99
765.08
736.54

1

2184 .97

A2

0.088

L i e

107
0.903

D.

TTT I I T AT T ETTIT T I ITT

735.92

0.984
0.984
0.889

546 .66

537.71

§31.77
528.22
525.76
521.61
514,37

0.878
4.163

506.95

14.019

a01.06
491.25
484.73

1.708

475.08

3g1.70
373.34

L)

e

———

368.08

361.35

;

LR e N A N I i ¢

TETTTTT

EXPND 1
PROCND 1

F2 - Acguisition Parame

Date_ 20061016
Time 19.42
INSTAUM speck
PROBHD 5 mm BBO BE-
PULPROG 7030
0 65536
SOLVENT cocia
NS 16
DS 2
SiH 6172839
FIDRES 0.094190
Al 5, 3084660
RG 7241
0w 81.000
DE 6_00
TE 300.0
01 1. 90000000
mosmmss====a CHANNEL f1
NUC1 1H
P1 11.00
PL1 0.00
SF01 300, 1318534

F2 - Processing paramet

5I 32768
3F 300, 1300000
WOW no
558 0
LB 0.00
GB 0
PC 1.00

10 NMR plat parameters

CX 20.00
FiP 12,032
F1i J611.28
Fap -0.680
F2 -204 18
PPMCM 0.63562
HZCM 19077208
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MOl oM BEaorRbdodYa85286 HS =8 EXPNO 1
D WOWT MU ST MM IOMDOWNN— T O oo m = o = PROCNO 1
TR e Sl DL e Ll el o © S
2222222222222222111 e e R ) F2 - Acguisition Parame
rrfruf[ _ Date_ 20070117
Time 19.33
INSTRUM spect
PROBHO 5 mm BHO BB-
PULPROG 2930
0 65536
SOLVENT cocl3
NS 15
DS 2
OH SWH 6172.839
/ FTORES 0.094190
AQ 5, 3084660
AG 161
oW B1.000
S DE 6.00
TE 300.0
112 D1 1.00000000
1
H, CDCl3 sesmms======= CHANNEL f1
NUCH 1H
=5 11.00
L1 0.00
5F01 300.1318534
F2 - Processing paramet
sI 32768
i 5 300. 1300000
NOW na
558 0
|| K Q.00
GR 0
PC 1.00
__ N J L 10 NMR plot parameters
f _ Cx 20.00
_J e, _(,LE_r i Fip 13400
F1 3631.69
| | Fap -0.022
\ / Fa -6.60
=dtei AN B = PRMCM 0.60612
Slalo @) |o = |5 HZCM 181.91481
et ot [ ] g P a | =
B S B I Do Bt B G R i R BN W Gk O o I O OO S O NN O ) (N 8 S A N S e o el AR A S G d B L8 I D O I B N D U 0 S 8 ) A i B ) o D N 4 M A O B U 60 S 0 M N B B BN IR Mo i o O N B R S DO A G B B G R B D g e
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pom

141.380
182

139

OH

CL,

112
Lo llols o B

134.606
133.776
133.662

132.710

M = W =5 =~ =7 0 (0 oJ ) m o [ea]
M N O~ <7 0 o7 M~ )y = 0d ~
=TV N O~ O M~Im o w T o ()]
[ [ I [ o [ O o O o T M~~~ r~ [ep]
[ T SV VI S VR VI s Ve M~~~ ~ o
SANEREIT

o O B R A e

EXPNO 1
PROCNO 1

F2 - Acquisition Parane

QJate 20070119
Time 0.28
INSTRUM spect
PROAHD 5 mm BBO BB-
PULPROG 2gpg3o
0 65536
SOLVENT coe1a
NS 5120
0s 4
SWH 18832 . 393
FIDAES 0.287360
A0 1.7400308
AG 15384
DK 26,550
DE B.00
TE 3o0e.0
o]} 2.00000000
118 0.03000000
B2 0.00002000
s=s=ss====== CHANNEL f§
HUC S 13C
A 7.10
PL1 -1.50
SFO 754760200
m=========== CHANNEL f2
CPDPRGZ waltzif
Nuc2 tH
PCrPOR2 80.00
PL2 0.00
PL12 18,00
PL13 18.00
SFO2 300.1312005

F2 - Processing paramet

51 32764
5F 754677190
HOW no
558 a
LB Q.00
GB Q
PC 1.40

10 NMA plot parameters

Cx 20.00
F1P 199_785
Fi {5077.30
Fep -0.684
F2 -429.29
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o — 0 0O P WD T OU M WU @ O T U e MO O [fa]

@ DM~ OmMMMIE— WO Oo oo oo oo ooy o EXPNO 1

o § oRSCCgvYSSoCUENTmaWSNoEEY ol PROCNO f
o DU — =T MMNoooomoomDouwuwmm——daoaaa @

@ ﬂﬁ%%ﬁ&ﬂ%&ﬂﬂﬁﬂﬂﬂ%mﬂﬂﬂﬁﬁﬁﬁ i F2 - Acquisition Parame

bbbk s ] Date_ 20070130

/ﬂ/j;uaj = Time 14.07

INSTRUM spect

PROBHO 5 mm BBO BB-

PULPROG 7930

| 0 85536

_, 0 SOLVENT coc1a

_ | /7 NS 16

_ DS 2

| SWH Gi72.83%

| FIDRES 0.094190

_ S AQ 53084660

| RG 203.2

| ‘_‘—w OW 81,000

| AI CE 6.00

, . CDCly TE 300.0

1} 1.00000000

=====esa==== CHANNEL f1

NUGA iH

Pt 11.00

PLL Q.00

SFO9 300, 1318534

F2 - Processing paramet

51 32768

SF 300. 1300000

| Wow na

, 558 0

LB 0.00

GH o

PC 1.00

kr ﬁ i 10 MMR plot parameters

Cx 20.00

A bt d . s ! Fip 11.941

Fi 3564 .00

Fap -0.8907

/ / F2 -272.32

W W m_ m m m,‘ m PPMCM o‘mmmhu

5 8185 |3 8 |2 HZCM 192.81607

i ~t|~| D] || —| |=

L 550 B o . e i 336 ) e 2 e TTTTTT T T TTFETTT

LD B I 1 5 34 o o 0 B R e i T T T T
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O~ SN~ STROMODEOOMDM~UDODOMRINOOODWWD— OFTORRTUNDSULDDDDSd NS N MM”MO amaummucam
TN~ T T METOD DO DDDT ANTMOOSID @0 TET MMM~ RS0 S o
T T e L = Sl T B B R S ST O ST B O BT B T B To fo IR AV RTo W) S Wl S s e Gl W s ST VR To S i e PROCNO 1
T o~00nD0U0EC0oogDOoOOMOONOMODITNONAOR @OM~MN=— 000 o RM I WM
Pl s B i e e - . S N AR A Y I VI o I o VI o ¥ o ¥ o A o e O T T e s A e M T C T BT & R A B A A .7 o B B A &Y I VAT
I I B I el s B s VRS VARV I oV VR o VAR VAR VIR VR o VAR oV o VIR VAR VIR VRO VG VI SURC SR L I SRR S B _ ) £2 - Acquisition Parameters
LS SN f,/ \\\\\L\\_ _I/_Jffrf%// pate_ 20070201
e \\ /J Time 20.05
I h [NSTAUM spect
PROBHD 5 mm BBO BB-
PULPROG 2930
TO 65536
| [ SOLVENT coc13
NS 16
‘ o 05 2
_ SWH 6172.839 Hz
_, O FIDRES 0.094190 Hz
| ie} 5.3084660 sec
_ s O FG 287 .4
oW B1.000 usec
| OE 6.00 usec
A.‘A_ TE: 300.0 K
{ H, CDCl, _ o 1.00000000 sec
: ssaemsss==== CHANNEL f1 ======s==
RNUCA 1H
Pi 11.00 usec
PLE 0,00 dB
SFO1 300, 1318534 MHz
£2 - Processing parameters
5T 32768
SF 300, 1300000 MHz
WOW 0o
55B 0
LB .00 Hz
G8 0
PC 1.00
A % 10 NMR plot parameters
Cx 20.00 cm
% — ol Fip 12.032 pon
Fi 3611.25 Hz
J Fap =0.885% ppm
Fa -265.51 Hz
s 2| (L8]3R~ i) ] PPNCH 0.64585 ppn/cm
? =] I bt p=fast e o = HZCM 193,63807 Hz/cn
E RS O - | o
7_. _,____.,,____,_____,_____,_____,_____,____,,__44~\___J._|_|_..-|:.,.____,____,_____,_|._.._|._.._,__—_.._.,4_.__,____,..,|.___,_..__,____7__._.~.._.,.|._|

ppm 10 8 6 4 2 0
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193.648

e

141.795
140469

36.533
135.025
132.512

4
i

131.926

No—131.518

7

130.743
130.469
127.067
126.807

\

- 126.514

77.858
77 .636
77.436
77.012

49.278

13.388

1.442

EAHNU
PROCNO

F2 - Acguisition Parameter

Oate_
Time
IRSTRUM
PROBHD
PULFRAG
D
SOLVENT
NS

DS

ShH
FIDRES
AQ

CPOPRGE
NUC2
PCPa2
ALa
aLia
ALi13
SFQ2

2 - Processing parameters

51
&F
WO
558
LB
GE
PG

20070202
1.31

spect

S mm BBO BB-
zgpg3do
65536
ChC13

5120

4
{8632.383
0.287360
1.7400308
16364
26.550
6.00

300.0

2. 00000000
0. 03000000
0. 60002000

=== CHANNEL Fi

130

7.40

-4.80
75.4760200

=== CHANNEL §2

waltz16

1H

B .00

.00

18.00

18.00
300.1312005

32768
794677180
no

]

0.4ao

0

1.40

10 NMR plot parameters

a0.00
200.866
15160, 44
-B.718
-657.94
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OH

116

'H, CDCl,

13

—2333.2€
2074.32
2254.34
2251.9¢
2245.3¢
224391
2236.24
2234.80
2203 .48

—2151.80
2147 .58
2146.71
2145.40
2144.25
2140.25
2138.66
203431

2032.61
1595.52
1565. 65
1481.14
1482
-1245.89
1238.74
3231.55
1225. 49
1069.79
1045.

657.36

|
/

I

i

e
=

b s e i o o e ) 2 o

w
3
O..
-~
w

B AP PR

—

S

497,48
489.98
__— 423.43
380.68
383.53
376.39
368.29
286.75

Y

e

1.087

0
1

1.0000
2.9206
1623
9697
0.9354
0.1870
1.9418
0.8995

0.9542

34 0 0 56 P ) B 3 O 0% LR B ([ I I |

EXPND i
PADCND i

F2 - Acnuisition Parameter

Date_ 20070306
Time 16.55
INSTAUM spect
PROBHD 5 mm BBO BB-
PULPROG ZQ30
O 65536
SOLVENT Coci3
NS 16
D5 2
SWH 6172.B39 Hz
FIORES 0. 094180 Hz
Al 5. 30B4B60 se
AG 203.2
OW B1.000 us
DE 6.00 us
TE 300.0 K
01 1.00000000 se
smsmss====== CHANMEL f1 ==
NUC 1H
=51 11.00 us
PL1 0.00 dE
SFO1 300.13168534 M-

F2 - Processing paramebers

51 32768
SF 300.1300000 M-
WO no
558 1]
LB 0.00 Hz2
GB ]
PC 1.00

410 NMA plot parameters

CX 20.00 cn
FiP 12.078 pr
Fi 362488 Hz
F2p 0.069 pr
F2 20.65 Hz
FPMCM 0.60044 pr
HZCM 1B80.21149 Hz
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— @ U o= T QDS D WD P~ P MO O T TIO0TAUAOITMIEOODONOOOSTIOMOSTS™>~IDTO oS o EXPNO 5
T OO~ OO O o0 MMM S0 =~ D0 T 0moOomModMmM<TAoa — oo =0l 3 S

=l = R R s e 0 = 00 MW - WSS 0l — WS Mmoo — oo PAOCND !
) O @ Mmoo~ U} W) ST 99888??6?09532?232088?3553986?

O~ @ MmMmMaom Moo od ooy SeSSSasSsoDhDN DY OO0 @ ol = Mmool

B AR SV At Aot BN o VI o VR A VN oV I o Wi o W ¥ 222222222111 — ] F2 - Acquisition Parameters

I
;4_
7
5

Lo i T

PROBHO 5 mm 880 8B~

PULPAGCG zgao
0 B5536
SOLVENT chcia
NS 16
m. // DS 2
SWH 6172 .83% Hz
FIDRES 0.094190 Hz
A0 5. 3084660 sec
S RG 322.5
oW 81.000 use
117 DE 6. 00 use
1 TE 300.0 K
H, CDCly D1 1,00000000 sec
mEmmm==saces CHANNEL f1 ===
NUC1 1H
=k | 11.00 use
PLA 0.00 dB
5F01 300.1310534 MHz
F2 - Processing parameters
— s g 51 32768
SF 3004300000 Mz
WOW no
558 0
LB 0.00 Hz
GB 0
pC 1.00
N B 10 NMR plot parameters
_, CX 20.00 cm
J — " s ;ﬁ\r,ir Fip 12.078 ppn
Fi 3624.88 Hz
; Fop -0.181 ppm
F2 -54 .30 Hz
S ol %7% = PPMCM 0.61293 por
o 0| (0| oy~ 28] HZCM 183 .95880 Hz/
o | o O (=]

B S5 I 8 O G A 0 ) e 1 R 3 e 0 e . i S i o i o L R | TTT TT 1 L O O N I e | T L) 6 W U N RS B8 U B 5 M B IR 08 IO I I U B B
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135,493
34.747
134675
134.325
133.023
132.063
131.683
131.225
130.814
130.548
130.136
129.664
127 .966
127 593
126458
124,615
~ 83.705
82112
81.398
77.854
77.635
77.430
77.007

~139.511
—138.086
4

9

%

!

4
i

t

\

v

v

\

:
¥

T~—1091.420
=il

|

LUCIENL UOLD TOl 0GR EL D

MAME dad-3-30-carbo
EXPNO 3
PROCNO 1

F2 - Acquisition Pacame

Date 20070210

Tame 5.57

INSTAUM spect

PADBHD 5 mm BBO B3-

PULPROG 20pg30

0 B5536

SOLVENT toca

NS 10240

0s 4

SiH 18832393

FIDRES 0287360

O AQ 1.,7400308
_ // FG 16384
oW 26,550

bE 6.00

TE 300.0

S D1 2.00000000
D11 003000000

117 D12 000002000
AuOH CDCly som=ss=sssss CHANNEL 1
NUC1 130

Pt 7.10

PL1 -1.50

SFO1 75. 4760200

smmmmmmsma=s CHAHNEL £2

CRORRG2 waltz16

NUCR i

ACPO2 80,00

fL2 0.00

PL12 18.00

PL13 18.00

SFO2 3001312005

F2 - Processing paramet

51 32768
SF 754677190
WOW no
558 o
L8 Q.00
G8 0
PE 1.40

10 NMA plot parameters

- i ﬂ . " CX 2040
: Fap 200.06C

F1 15088 08
Fop -8 544
S — ] -720.3C
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