CANADIAN THESES ON MICROFICHE

THESES CANADIENNES SUR MICROFICHE

.* Nationai Library of Canada

Collections Development Branch

Canadian Theses on

Mcrofiche Service sur microfiche

Ottawa, Canada
K1A ON4

NOTICE

The quality of this microfiche is heavily dependent,
upon the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quadiity of reproduction possible.

J pages are missing, contact the university which
granted the degree. i o

Some pages may have indistinct print especially
tf the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-33G -, 82/08)

Service des théses canadiennes

I.S.B.N.

Bibiotheéque nationale du Canada

Direction du développement des collections

AVIS
L 4

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction.

Sil manque des pages, veuillez communiguer
avec l'université qui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été
dactylographiées a i'side d'un ruban usé ou si |‘univer-
sité nous a fait parvenir une photocopie de ﬁﬁau‘iiaise
qualig‘é.

Les documents qui font déja I'objet d’un droit
d’auteur (articles de revue, examens publiés, etc.) ne
sont pas microfilmeés.

La reproduction, méme partielle, de ce microfilm
est soumise a la Loi canadienne sur le droit d’auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése.

. &

'

LA THESE X ETE
MICROFILMEE TELLE QUE
NOUS L'’AVONS RECUE

Canadi



O-315-0%92 /-0

l* National Library Bibliothéque nationale
of Canada du Canada
L2 Canadian Theses Division  Division des theses canadiennes ! )

Ottawa, Canada
K1A ON4

56838
PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

o Please print or type — Ecrire en lettres moulées ou dactyiographier

Full Name of Author — Nom compiet de | auteur _ .
NITTOR(O FARINA
) v
Date of Birth — Datd de naissance chmry.(:f Birth — Lné':i Ee Eaiisgégée L T
TJunveE 8, 19S3 I TALY

Permanent Address — Residence fixe -

LON GARND pA’ClUO;FTT 26

Seio0v PISA ' ( (T‘&LY)
. ' .

Title of Thesis — Titre de la these

SYNTHETIC METHODOLOGIES RBASED or
© ORGANOSELENIUM AND 0P bANOCopPEL. CHEMISTRY

UNIVERSITY  OF ALRERTA
Degree for which thesis was presented — Grade pour lequel cette thasa fut présentée

PhD .

University — Université

Year this degree conferred — Année d obtention de ce grade Name of Supervisor — Nom du directeur de thase B
198 2 DERR(CK L.T. CLIVE

Permission is hereby granted to the NATIONAL LIBRARY OF L autorisation est, par la présente, accordée 4 ia BIBLIOTHE-
CANADA to microfilm this thesis and to lend or sell copies of QUE NATIONALE DU CANADA de microfilmer cette thése et de
the film préter ou de vendre des exemplaires du fdm.

The author reserves other publication rights, and neither the L auteur se réserve les autres droits de publication; ni ia these
thesis nor extensive extracts from it may be printed or other- ni de longs extraits de celis-ci ne doivent étre imprimés ou
wise reproduced without the author’s written permission. autrement reproduits sans i'autorisation écrite de |'auteur.
Date Signature ) -

MOU. k/ / (96/

NL-81 (/77



HE UNIVERSITY OF ALBERTA

SYNTHETIC METHODOLOGIES BASED ON ORGANOSELENIUM
. .

AND ORG)}&OCOPPE'R CHEMISTRY ;
/

i
I

Vi

by
‘ @ VITTORIO FARINA .
5

‘ A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND
RESEARCH IN PARTIAL FULFILMENT OF THE REQUIREMENTS
| FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

Y

DEPARTMENT OF CHEMISTRY

EDMONTON, ALBERTA

Spring, 1982



THE UNIVERSITY OF ALBERTA
RELEASE FORM o .
, . i
NAME OF AUTHOR: Vittorio Farina
]
TITLE OF THESIS: Synthetic Methodologies Based On

Organoselenium and Organocopper
* Cheﬁistry
.

b ¢
DEGREE FOR WHICH THESIS WAS PRESENTED: Ph.D.

=

YEAR THIS DEGREE GRANTED: . 1982

Permission is hereby granted to THE UNIVERSITY
OF ALBERTA LIBRARY to reproduce single copies of this
thesis and to lend or sell such copies for p:ivate,
scholarly or 'scientific research purposes only.

The author reserves other publication rights,
and neither the thesis nor extensive extracts from it
may be printed or otherwise ;epféduced without the

author's written permission.

/ - .
(signed) /MWM
S

PERMANENT ADDRESS:
Lungarno Pacinotti, 26

56100 Pisa, Italy.

DATED: November 2, 1981.



v

T H E UNIVERSITY oF ALB RTA

[

| ]

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and '
. ) ! %
recommend to the Faculty of Graduate Studies and

Research, for acceptance, a thesis entitled SYNTHETIC

METHODOLOGIES BASED ON ORGANOSELENIUM AND ORGANOOOPPER

fulfilment of the requirements for the deéfee @f Doctor

of Philo{;&ph’yg .

=

Date: November 2, 1981. ) s




TO PATTY AND SUSY

iv



Abstract

This thesis deals with three subjects: the cyclo-
functionalization of olefinic urethanes; the reactions
of vinylsilanes with selenium electrophiles; and the )
reaction of cuprates with a,B-uqsatgrated aldehydes.

In the first part, an efficient and ver;atile
;ynthesis of nitrogen heterocycles is described. ' .
Aliphatic and aromatic urethanes containiﬁg suitably
positioned double bonds can be cyclized ;n good yielas
usind benzenesele;enyl chloride in the presence of
silica gel. The regio- and stereochemical implications
of the reaction are also discussed.

In the second part, a funqtionalized vinylsilane
ig examined as a substrate for a selenium-induced ring
closure, in an attempt to direct the regiochemistry of
the cyclization process. It is found that the presence
of a trimethylsilyl group on the double bond retards the
ring-forming process in a significaﬁt way.

In the final part, the first efficient procedure
for conjugate methylation of a,8-unsaturated alde@ydes
ié described. It is shown that the specieh MeSCu3Li2 in
ether or ether-pentane is a useful reagent for such a
transformation, ;he proportions of 1,2-addition product

being usually negligible in unhindered systems, contrary

to the results observed with lithium ﬁimethyl cuprate.
¥ ]
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Other cuprates which can deliver aj/methyl group to enals

in a conjugate fashion are also.examined.

= ]
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PART 1: CYCLOFUNCTIONALIZATION OF OLEFINIC URETHANES

INTRODUCTION

1

Nitraéen heterocycles are widespread in nature
and consequently synthetic methods for their
synthesis are important. One approach to these
systems involves,as a key step, formation of a carbon-

nitrogen bond with concomitant ring closure, as in Eq. (1l).

I E | (1)

<—F

Y

Eg. (1) shows only one of the two conceivable products,

the other one having the larger ring size, and the
regioselectivity in these processes will generally depend
on the electrophile used, the substituents on the nitrogen,
fhe length of the carbon chain connecting the two
cyclizing termini,2 and possibly other factors such as
solvent, temperature or particular features of the
molecule being cyclized. Halogens have been known as
effective reagents in this respect for almost a century3g
and have been employed often in the synthesis of complex

molecuies, as for example in the reaction shown in eq. (2');3b



(72%)

Another reagent that has been investigated thoroughly as

~a cyclizing agent for unsaturated amines is mercuric

ion? req. (3)]. (‘)

chm N:EH; S
HN ’ (45% overall)

— HgC|
Pr r 9oc
i
The intermediate organomercury compounds are usually very
labile? and are reduced in situ with sodium boro-

hydride.5 A limitation to this methodology is that
usually both possible ring sizes are obtained, owing to
fast rearrangement during the reductianas A recently
described methodology using palladium electrgphiles7

provides a route to indoles:

o



CN
——l

(4)

Selenium electrophiles, especially the commercially
availablé benzeneselenenyl chl@fidea have been used to
effect a number of :yclizatiénis in excellent yields,

as shown in eg. (5)=(7).

PhSeCl S ) ]
= . R 7 o o SePh Ref: 9cC

HO ' (94%) ' ' (5)

PhSeCl

-

Ref: 9a
(6)

(79%)

ﬁ
Of-) _ Phsg?‘ — Ref: 94
(B4%) , 9
N OH ' 1 =C (7)



With the aim of extending this methodology to the realm
of unsaturated amines, it had been discovered in this
lab@ratarylg that amines have to be masked in order to
observe ring closure, and that the urethane functionality

well suited in this respect. Four representative

i

amines had been cyclized in fair yields, simply by adding
benzeneselenenyl chloride to a dichloromethane solution

of the amine, containing in some cases oOne equivalent

of silver trifluorocacetate (see Table 1). The yields

were not excellent, but several features seemed encouraging

about this reaction: contrary to the mercuric ion-

promoted reaction, only one ring size was observed
. s 2
here, namely the one resulting from an exo process.

The selenium-containing products were quite stable (in
fact, they could be distilled under reduced pressure)

and were cleanly reduced to the parent hydrocarbons using
triphenyltin hydride,ll in such a way as to confirm the
assigned structures and at the same time making the
synthetic method more complete and useful. The interest
toward the above scheme is increased by the considerable

number of synthetic transformations that can be carried out

on the phenylseleno group (for this reason the cycliza-
tion process has been named cg;lgfgﬁ:;;anilizgtign a ):
12

among them, most notably, selenoxide fragmentation

(to yield olefins) is a powerful and widely used synthetic



Table 1. CYCLOFUNCTIONALIiATION OF OLEFINIC URETHANES IN

THE ABSENCE OF SILICA GEL.

YIELD:lo
oPh
[\ * 77%
NH PhSeCl T
|
thﬁt CozEt
(1) (1a)
Ph
A
> 73%
PhSeCl
" _
\ |
CO,Et CO,Et
(2) (2a)

H
Q AgOCOCF 59%
PhSeCl - X
‘SePh
O NM N H

|
CO,Et - | CO,E!

AgOCOCF 4 SePh

el

NHCO,Et PhSeCl N



methed;l3 alkyl phenyl selenides can be deprotonated
14 " '

and alkylated with some difficulty and, more

importantly, selenoxides, formed in situ, can be cleanly

éepr@tcnated and treated with electrophiles, to provide
versatile routes to allflie alcohol and élefins;15

the phenylseleno group can be converted into agber
functional groups, such as halides,lé or be replaced

by an alkyl grcupl7 using Grignard reagents. Consequent-
ly, it appeared desirable to study the reaction in

further detail with the aim of increasing the yields to

a preparatively useful level and of confirming the
postulated "anti" stereochemistry of addition at the

double bond.



DISCUSSION

(A): Availability of the olefinic urethanes.

The olefinic urethanes required for this study
were prepared from the parent primary amines by the

standard Seh@tEESéﬁaumannlg method:

0

NaOH, H,0 1
2 : > R-NHC-OCH,CH,
" C1COOCH,CH, -

The yields for each compound are indicated in Table 2 (p. 14).

They refer to the acylation step, except for the

preparation of (4), (5), (6) and (7), in which the

(8)

urethanes were obtained directly, without the isolation

of the parent amine. In this case the vields refer to
the final step of the preparation. Aliphatic amines
can usually be obtained in good yields using the

classical Gabriel BYﬁthéSiS,lg and (1) was prepared in

‘ 20

Another convenient route to §,e-unsaturated amines
is via the parent amides, easily obtainable from v,6-
unsaturated carboxylic acid, in turn readily available

21

by malonic ester synthesis; (5) and (6) were made by

this route, e.qg.



(9)

(é) éO‘Et

Urethane (7) was easily prepared in two steps, namely

alkylation of a carboxylic acid dianicnzz followed by
23 for this rearrangement refined

o}

Curtius rgarfangement;

experimental procedures have been published recentlyszg

we have chosen to employ classical conditions owing to

considerations of reagent availability. 1In spite ;ESEQE
—

low yield, (7) could be obtained in multigram quantities

without problems. ] W

/.
W 1) 2 LDA,THF ,HMPA L
~ ] . COOM —
/oy GNP

o (96%)
/\/\/EQQ_H/\/\./\/\/\ (m)
=z ) ) ]

(12)
1)so¢::a2
2)'“063

.

3) 90°C
4) EtOM ‘




For the preparation of unshturated anilines, a convenient
method has become available recently,7 using w-allyl
nickel methodology.?> Both (3) and (8) (See Table 2, p. 14)

were made by this route, e.g.

(11)

DMF ; 50°C
(56%)

. (8)

Compound (4) was also made via this route, but it was

found convenient, in order to obtain multigram quantities

[a]

f the compound, to devise a new synthesis of the material

according to a more classical scheme, as shown in eq. (12).

}

| 12)
g LAH

" "1cO_Et
:) CICO,E

(778)



Finally, (2) was made according to a published procedure, 26

involving nitration of allylbenzene, separation of the
isomers (ortho- and para-allyl nitrobenzene) by spinning-
band distillation, followed by reduction. Other avail-
able methodologies, such as the ones based on the amino-
Claisen rearfangement,27 seem to be somewhat 1imited,7
due to the rather severe acidic conditions that are
necessary to promote the allylic shift. It is clear

that an adequate array)of synthetic routes exists for the
preparation of unsaturated amines, and especially the
new,véfzifile n-allyl nickel methodology adds potential

to our cyclization route.

(B): Cyclofunctionalization Studies.

When we repeated the original cyclization
expe:imentsln on urethane (1), in search of possible

side products, we failed to isolate materials other than
(la) and, by column chromatography, fractions that were
mixtures of (1) and (la). It iéemed that the reaction

did not go to completion, in spite of the observation -
that the red-brown color of benzeneselenenyl chloride

was discharged instantly at -75°C, indicating that some

reaction was taking place. A TLC taken after a few minutes

=
at room temperature showed a spot due to (la) and a

considerable streaking that suggested the presence of some



unstable species. We then decided to carry out the reaction
in a’lHiHHS probe, using dry CDC13 as a solvent, confident
that chloroform and dichloromethane aée similar enough
to allow us to extend our observations to the prepara-
tive runs.
When PhSeCl was added to the starting urethane (1)
at -50°, the signals due to the olefinic protons rapidly
disappeared, and also the higher field range (8§ 2.0-4.0)
changed drastically, with the appearance of new signals:
the spectrum slowly changed further with temperature
increase (up to room temperature), but none of the
product (la) was observed even after several hours at
room temperature. Caiﬁﬁn chromatography at this stage
did provide, however, (la) in modest yield. Even though
the NMR spectra were too complex to be amenable to any
detailed interpretation, one important conclusion could
be drawn from the study: there is an initial reaction
of benzeneselenenyl chloride with the substrate, but
the product is formed only later. Furthermore, the
silica gel used in the column appears to accelerate the
decomposition of the initial adduct (s), to give both
starting material and cyclized products. Our interpreta-
tion is shown below. 28
We then decided to carry out the reaction in the

presence of silica gel. Due to the variable composition

}H\
b



of these gelszsa and the uncertainty about their water

content, 29P it was difficult at this stage to make a

¥

choice of particl
predict whether or not the adsorbant would react with
(and destroy) our selenium reagent. We arbitrarily
decided to use silica gel for PLC (Merck) that had been
subjected to an overnight drying period at 130°C. '
In our first run we added the silica gel to the

room temperature, but later we found no difference if the

la2.



13.
(]

el was present from the beginning, and we then
Under the influence of

il
used this simpler procedure.

temperature, as evidenced by TLC, which showed a single

lica g
the reaction was over after 1.5 h at room

silica gel,
spot (apart from some diphenyl diselenide) and no streak-

ing, as well as from an NMR spectrum of a portion with-
The

drawn and evaporated prior to chromatography.
we tried to extend

urethane (la) was obtained analytically pure in 93%

yield. After this successful attempt,
the above observations to urethanes (g)ii(i), hoping that
the yields would be as good in these cases. Periodical
TLC examination of the reaction mixtures showed that

cyclization of the aniline derivatives was somewhat
slower than in the case of (1), and we increased reaction
The yields of analytically

times routinely to 16-24 h.
pure, cyclized urethanes, as shown in Table 2, were

consistently better than 80% and, judging by the TLC of
the reactions were extremely clean.

the crude mixture,
We also investigated another adsorbant, namely alumina

(which had been pre-dried i%fthe same way), and the
yield, in the case of (2), was equally good.
(la)-(4a) had already been characterized
The stereochemistry of

Products (la
10

by tin-hydride reduction.
(3a) was tentative, assigned on the basis of a supposed

anti mode of addition.

the five-membered ring nature of (la), we carried out a



e

Table 2. CYCLOFUNCTIONALIZATION OF OLEFINIC URETHANES IN

THE PRESENCE OF SILICA GEL®

Reaction

. b ,
Urethane (Yield™) Product Time (h) Yield
am
(1) [;\ (1a) [;X,-- 1.5 934
o (890 coy

soxy  (2a) (I‘X,_,, 24 859

(862) 24 828

(4a) C(:(\”' 16 87%
cae (727)¢ '\m’..

e
f

:
0

-
| >

) 16 94%

(5a
8128 —

¥
-
Soon
(7a) .".‘\Ij\ 40 84%
'
SoPyn
A
{]

i 3

(357)€

(8a) "
70 76%

(902) Ser '
(8b)

Cop

“Yields refesito isolated material. bThe urethanes were prepared in the
yield shown from the corresponding amines, except where noted. CYield
refers to the reduction-acylation of 2-allyl benzamide. dYield refers to
the reduction-acylation of (2-cyclopentenyl)acetamide. ©®Yield refers to
the Curtius rearrangement of 2-undecylhept-6-enoic acid. fThe products
were formed in a ratio of ca. 1:1 (NMR). In this run propylene oxide was
used as an acid trap.

il

lan
o
b
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preparation of this material via another route, using
the general method of conversion of primary alcohols

into alkylgrylselenides.BD This authentic material was

4:—j§\%€;on PhSeCN Z:_ilkaESS-Ph .
N ' > "N - (14)

| Buaé l
CO,Et (20%)° CO,Et
(15) (1a)
identical (IR, NMR, TLC) to our synthetic (;g)_Bl In

order tqiﬁgnfifm the postulated stereochemistry of ring
closure, we chose to study the octahydro cyclopenta [b]
pyrrole system, which, due to its rigidity, should be
well suited to a coupling constant study in the
© For' the purpose of simplifying the NMR spectrum,

we carried out our studies on the 1,l-dideutero analogue

of (5), namely (6), which was obtained by lithium

aluminum deuteride reduction of amide (10). The cis ring

(15)

junction had already been gstablished by converting the



Ha
o~ |
Q? 1) PhSeCl m .
—
- ?)Phasnﬂ H T (16)
(L)zsg (88%) ﬁb COLEt
(5) (18)

ring-closure product of (5), (3a) into (18). This was
then shown to be identical to an authentic sample prepared
from the known cis-octahydrocyclopenta[b]pyrrole.

In (17) the coupling constant between Hp and H, is
expected to be 7-8 Hz by inspection of Dreiding models,
while in the case of (16) such coupling should be much
smaller (ca. 1.5 Hz).32 The structure (17) was ruled
out by the observation that in the ring-closure product

from (6), Hy showed a doublet (J,p = 7 Hz) with a width at

M
s
o
M
"
=X
[
wn

half-height of 4 Hz, indicating Jac £
confirming the structure shown for (5a). This establishes
as anti the mode of addition across the double bond in
this particular ring-closure process, and we are confident
that this conclusion is general for reactions employing
our experimgntal conditions.

The experiments on (7) illustrate a further stereo-

chemical feature of our reaction.

16.



In this case, where the urethane bears an asymmetric cenﬁgr
a to the nitrogen, the newly créated asymmetric center

in (7a) is formed with complete cis stereoselectivity,

as shown Ey tin hydride reduction (96% yield) angéiydré-
lytic deprotection (93.4%) to the’knawnEza amine (;g)ng
which is the C-2 epimer of a natural substance,

solenopsin, (20), isolated from the venom of the

-
~J



African fire ant solenopsis aevissima. 32

This :egultr contrast with the mercuric-ion
promoted ring-cl Ye, which was used in a recent synthesis

of solenopsin,z‘ as shown in eq. (18).

1) Hg**
 2)NaBM,
(18)
. + S.M
| CnMas 314
H
2oy 1

Thus, our reaction is more stereoselective, at least in
this particular system,as than the one using mercuric
salts, and we rationalize the réault by postulating

that in the.transitiaﬂ state the alkyl gr@up-prefé:s to

occupy an equatorial position, as in (21). It is however,

]

possible, in principle, to obtain a mixture of cis and

trans 2,6~dialkylpiperidines by base-catalyzed equilibration

of the parent nitrosamine, followed by removal of the

nitroso g:cup.35

was far more complex than the other cases: after some

experimentation, we found that good yields in the



lgi

cyclization could be obtained by adding an acid scavenger
such as propylene oxide to the reaction mixture. Although
the hydrogen chloride formed as a side product during
cycli;;tian was not harmful, at least in the presence

of silica gel, in the cases (1)—(7), it clearly caused

some problems in -.the case of (8). Among the many side
products, only one could be isolated pure. It was identified

as (23) (14% yield). When the acid trap was used,

however, the reaction was rather clean, no (23) was

detected, and two cyclized products, (8a) and (Bb), were
isolated in good yield. Although they could not be
separated by chromatography, their tin-hydride reduction

products, (Ei) and (25) were separable (VPC, APIEZON

; "
=0, Et I
CQ:E! EG&E!

(24) | (25)

column) and their characterization confirmed the structures



assigned to (8a) and (8b). As this was the only case

in which we observed two competitive processes of ring--

closure (5-exo and Eiepdg),z we were led to investigate

the reaction further, with the aim of discovering whether
the product distribution was of kinetic origin or

whether some equilibration process was involved. A

similar study on phenylgelénalactanizatiangé carried

out in our laboratory had already shown examples in

which the kinetically favored 6-endo closure is followed

by rearrangement to the more stable 5-membered ring lactone.
We wondered whether a similar phenomenon was occurring

in this case, although it has been :haunze that the rate

of equilibration of olefin—PhSeX adducts (X = halide,

SePh Rh 1
set x"
/l\/x R e—— R SePh  (19)
- R

Kinetic . Thermodynamic

function as a leaving group, and in the present case

(X = RQCDQCHZéhj) such a possibility seems quite unfavor-
able. Our first approach was to carry out an NMR study:
When the reaction was performed in dry CDC13 at =-50*C

in an NMR probe, we observed immediate reaction of

20.



PhSeCl
-50°

fast

NH
CO,E
(8)

benzeneselenenyl chloride with the double bond of (8)
[as in the NMR study with (1)].

In this particular case the NMR spectrum could be
interpreted and the signals were consistent with the
presence of only one species at -50°C after ca. 1 h,
namely (26). The proton a to the selenium atom showed
a clean doublet at § 3.65 with J = 15 Hz (coupling with
the other proton, on the basis of the width at half-
height is < 2 Hz), while the benzylic protons gave,
respectively, a doublet at 6 3.19 (geminal coupling,

12 Hz) and a doublet of doublets at § 2.8l (J; = 15 Hz,

32 = 12 Hz). The rest of the spectrum was consistent
with- the assignment. No change occurred when the
temperature was raised to 25°C and kept at this value

for 2 h. After ca. 3 h some other signals became evident,
especially the ones due to (8a). After ca. 15 h the
mixture seemed to consist of a 7:3 mixture of (26) and

(gi)' but by then both the quality of the spectrium (due

21.
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to particle formation) and the composition of the mixture

detegigfiied (i.e., side products were observed). However,
(8b) was not detected. The reaction seemed to have
stopped and, after a total of 106 h at room temperature,
at least 50% of the material still remained uncyclized
(NMR observation after filtration of the mixture and
evaporation). Compound (8a) was still the predominant
product, and (8b) was detectable in small amounts. Thus
the reaction could not be followed to completion, but
it appeared obvious that the initial rate of formation
of (8a) was higher than that of (8b), and consequently
we were led to believe that (8a) is the kiﬁetic product,
and the 1:1 mixture finally obtained in preparative
runs arises from a silica gel-catalyzed equilibration.
This seemed to be confirmed by some equilibratioz::’
experiments in which crude samples of (Ba) were lated
and shown to produce variable amounts (never above 30%
of the total cyclized méterial) of (8b) upon stirring
over silica gel in dichloromethane or chloroform. The
above samples were, however, very crude, and it was
possible that some other species rearranged to (EE),37
and so we sought a clear proof for the postulated
equilibration.

| When the reaction was carried out at -75°C for 1—2
h, the mixture briefly taken to room temperature and

chromatographed, mixtures of (8a) and (8b) in which (8a)



predominated could be obtained in variable yieiéy.
kY

depending on the chromatographic details ( tion
\@L
time, column size, adsorbant, eluant). RN

Since we know from the NMR study (if gxtrapgiatian
of the data in chloroform can be made to the runs in
dichloromethane), that soon after mixing only (26), the
benzeneselenenyl chloride-urethane adduct, is present
in solution, it follows that when -(26) is applied onto
silica gel in dichloromethane, the adduct decomposes to
produce preferentially (8a), smaller amounts of (8b),
traces of starting urethane, and a few other minor
pf@éucts- Typically, a 60% yield of (8a)— (8b)
mixture is obtained. When, however, a mixture of heptane

and ethyl acetate is used as a solvent for the chromato-

39 technique was used), the main decomposi-

graphy (flash
tion pathway is toward starting material, diphenyl
diselenide, and a new product, in ca. 50% yield, identified

ag the "PhSe0OH" adduct (27) on the basis of its NMR and

mass spectra.

[
L)
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(i.e., ca. 30% of the five-membered ring product is
allowed to form) and the mixture then applied to the column,
both dichloromethane and ethyl acetate —heptane solvent

systems give appreciable yields (50-60%) of mixtures of

245

(8a) and (8b), in which (8a) predominates. However, (8b) is

present in substantial proportion (typically 30%). We
briefly investigated alumina as a catalyst, but after
routine cvernighﬁ stirring we isolated only starting
urethane (3) and observed by TLC much diphenyl diselenide.
Evidently; alumina favors decomposition of adduct (26)
to (8) and benzeneselenenyl chloride, which is slowly
destroyed due to the protic nature of the surface (or
By effect of the adsorbed water). In fact, chromato-
graphy of reagtian mixtures (briefly run in the absence
of a solid catalyst) on alumina gave mainly unreacted
,(g).za ‘Finally. when a pure (TLC, NMR) 3:1 mixture of

(Ba) and (8b) was stirred at room temperature in

dichloromethane in the presence Ef silica gel (candillfns
similar to our preparative run, see experimental) no
rearrangement to the supposed 1:1 thermodynamic mixture
was observed. The initial eampa:i%ian was instead
observed even after 75 h. This mixture was also thermally

stable at 200°C (during Kugelrohr distillation). we



the different runs are kinetic mixtures, the different

compositions arising from a complex mechanism. We

P

summarize our observations as follows: in the presence
of dry silica and propylene oxide as an acid trap, (8a)
and/ (8b) are formed at approximately the same rate to
afford a 1:1 mixture of 5- and 6-membered ring urethanes.

'His, or any other, mixture with different prépcrtians

f (8a) and (8b) does not change in composition when
stirred in the presence of silica gel. The rate of
formation of (8a), however, seems to be, at?least
initially and in the absence of propylene oxide, faster
than the rate of formation of (8b), both in dichloro-
methane solution and in the chromatographic column. It
is likely that the kinetics of the reaction are quite
complex, and the hydrogen chloride formed as a side
product plays a role in the unusual effects observed.

A f:rther complication is introduced by the presence of
silica gel (either in situ or in the column during
purification by chromatography), which presumably -
catalyzes to a different extent most of the single steps
involved in the overall reaction.

The overall catalytic effect of silica gel is not

easy to account for; organic reactions at alumina surfaces

have been reviewed*o and it is appreciated that much

further work is needed before solid supports can be used

25§



Two roles of catalytic surfaces have been suggested: one
is of entropic natur;:ﬂ the surface would lower the
entropy of activation when reacting species are adsorbed
in proper position and orientation for chemical reaction.
. I'n our case, however, we expect this effect to be small,

since in short-chain ring-closure reactions the entropy

of activation is rather smgllilz Another effect is to

26.

activate one (or both) of the reagents for chemical reaction.

In our case we can postulate that both the acidic
_29a
s

(silanol bonds) and basic (siloxane bonds) site o
"&‘&{f-\ll— st
I’ ‘ !‘ |
] - .
LX)

<>t
<: -.8<

Sepyme |

the surface have a catalytic effect. They might help in

the removal of the proton on the nitrogen during (or prior



to) cyclization, and they might speed up the formation

(28), by readily removing the chloride ion from the
initial adduct. The process (28) + (29) may also be
catalyzed as shown in Scheme 1, and consequently, the
overall cyclization process is facilitated.

Finally, the problem of removing the ethoxycarbonyl

protecting-activating group deserves a brief comment. As

..
\

shown by the transformation (7a) » (19), hydrolysis (seep.l7)

of the urethane group requires harsh conditions. A

solution to this problem might be offered by the recently

introduced trimethylsilyl iodide reagent43 and, in principle,

amines as final products can be obtained also

by using more easily removable alkoxycarbonyl protecting

groups_44 such as the benzyloxy and the t-butyloxy

groups, which can be cleaved under fairly mild conditions.
To conclude, the silica gel promoted cyclofunction-

alization of unsaturated urethanes,constituteé a reliable,

simple and efficient route to nitrogen heterocycles. When

the double bond is not heavily substituted, 5-exo processes”

are favored over 6-endo and 6-exo over 7-endo. 1In the
cases of more substituted olefins, however [as in (8)],

mixtures of the two possible products can be produced.
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PART 2: REACTIONS OF VINYLSILANES WITH SELENIUM
ELECTROPHILES
INTRODUCTION

From the chemistry discussed in part 1 of this thesis,
it is clear that it would be very useful to be able to
direct the cyclofunctionalization pr@cessgg toward either
one of the olefinic termini, as shown in eq. (2l)%fér the

specific case of S-exo versus E—Eﬂégz competition.

(\ PhSeY Zj\/, or SePh
X' X- QF:; (21)
| ‘ X

H

For example, in the case of unsaturated alcohols (X = 0),
it is known S that 5-exo closure is usually selectively
observed. This makes the 6-membered ring product hg:dly
accessible, and we thought' that it would be useful to
explore the possibility of producing either one of the two
isomeric products by placing a suitable substfiugnt at

a specific carbon atom of the double bond. Our choice

5
which is known to stabilize a positive charge (and

46

pPresumably an incipient positive charge ) on a carbon

28.



atom B to it.‘7 We also thought that such a group

conjunction with the phenylseleno group. It is known,
for example, that a-silyl selenides on oxidation undergo

competitive sila-Pummerer rearrangement and selenoxide

fragmentation48 [egq. (22)].

(22)

PhSe OSiMe, HaC CHy

In any event, the fragmentation products gre;canvertibleg
using known chemistry,45 into the sila-Pummerer rearrange-
ment product. What we were planning to accomplish is.

sumhmarized in equations (23) and 24).

SiMe, SiMe, ' 8ilke,
PhSeX i
HO HO o
(23)

29i



SePh

(o]
(32)
gsm.s
o _
: (35)

(24)

30.
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DISCUSSION

In order to test whether the discussed B—effect45’47
of silicon could control the regiochemistry of édaiticn
of selenium electrophiles to unsaturated systems, we
treated trimethylvinylsilane (37) with benzeneselenenyl

trifluorocacetate [eqg. (25)].

snu.a
]

1)PhSeCl,AQOCC :

2)N0HCO3

(81.7%) (25)

(37) (38)

The production of the desired (38) as the only reaction

49 since treatment of d

product was quite remarkable,
vinylsilanes with electrophiles almost always results
in substitution of the trimethylsilyl gf@ﬂp,gE by the
mechanism shown in eqg. (26), where the Bilicon is probably

assisted by a nucleophile in its elimination.

Me
Mo gi.--Me .
SiMe, H\{) v(’ " - .
/ EY $H@ S . : ,7:/ (26)

E 3
(37) - (37a) ; (39)



This equation illustrates a point of stereochemical
significance, namely that the C-5i o-bond
responsible for stabilizing the positive charge

435a through hyperconjugative effects) must

(presumably
lie in the same plane as the empty adjacent p orbital.
S0 one can predict a minimum in the B-effect when the
opposite arrangement (i.e., perpendicular) of the two
orbitals is observed. Since no substitution takes place
in our case, one can assume that thgre is hindrance to
the attaiemen; of the geometry (37a) and this might be
due to bridging of the selenium with the B!Earban.Eo

The observation that the trifluorocacetyl group binds to
the g-carbon, however, suggests that the B-carbon bears

some positive charge. If this were not the case and the

A

O
\ - 8i “-3

Hi""

(40)
opening of (40) were to be considered an SNE process, one
might expect the opposite regiochemistry for the follow-
ing reason: silicon is known to accelerate substantially

51

an SNZ process occurring at an a carbon atom, and an

illustrative example is given by epoxy-silanes Hhiéh

3 52

react, even in acid-catalyzed reactions, at the a-carbon

[eq. (26)].
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Encouraged by this result, we proceeded to test
an intra-molecular case, for which any prediction was
difficult, due ﬁg lack of prégedent for such a praee:s.sg
The required unsaturated alcohol (30) was readily avail-
able using the well known cuprous-ion catalyzed coupling

between Grignard reagents and alkyl hgliées;54 our

starting material was obtained in two steps from known

chemicals, as shown in eqg. (28).

:‘ulg
cat.amt. b
—
Cul [
(84%) ™

'\/\/‘3':" 7

41) (28)

P-T8OH
MesOH

(86%) (30)



When we treated (30) with selenium electrophiles,
however, we failed to obtain good yields of a cyclized

product. The reaction with silver trifluoroacetate-

of cyclized product. By TLC there was substantial
streaking of the reaction mixture and this, using our
experience with the cyclization of unsaturated urethanes
(described in part 1), was taken to mean that the initial
benzeneselenenyl chloride-substrate adduct(s) constituted
substantial part of the species in solution. Longer
reaction times, the use of a base and also of silica

gel, failed, however, to improve the yield. In the case

of silica gel we employed conditions similar to the ones

used with unsaturated urethanes, ‘but this time we observed

slow consumption of benzeneselenenyl chloride (presumably
by decomposition of the initial adduct, since the
reaction mixture was colorless or pale yellow) and the
presence of starting material as the main cémg@nenti It
seems likely that the cyclization rate in this case is
particularly slow, and reversion to starting material
with hydrolysis of benzeneselenenyl chloride at the
silica surface (eventually to diphenyl diselenide and
benzeneseleninic acid) takes precedence.

We briefly examined other electrophiles as cyclizing

agents (iodine, N-bromosuccinimide, iodonium
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di-sym-collidine perchlorate,.55 N-phenylselenophthal-

imide9j ) without success. We did not continue our
attempts mainly because it was clear that our cyclized
product was the unwanted five-membered cyclic ether

(42) and not the desired (32). The structure was assigned

SiMe,
SePh H

J(Hlsﬁz)‘g-z Hz

§iMes J(H.:H,)=12 H
b ,,3. 4, z

(32)

on the basis of the value of the geminal coupling constant
for the protons a to the oxygen atom. This value (8.2
Hz), obtained by decoupling experiments, is typical of
tetrahydrofurans. The value expected for (32) would be

56

ca. 11.5 Hz. To further support our assignment, when

(30) was treated with meta-chloroperbenzoic acid, [eq. (29)]

& -
~_SiMe,
M pocesa J/\ﬁb
THF, 28°C HO- y
H
! (43) .
—>

J(Elsﬁz)!s.i Hz
J(HBEE!)‘11i4 Hz

e 4




the primary alcohol (44) was obtained directly, without
isolation of the intermediate epoxysilane (43), in good
yield [both the readiness with which (43) is opened and
the regiochemistry observed illustrate the c-effect
discussed above]. The structure (44) was assigned on the
basis of the'lHiHHR spectrum in DHSDigsz in the spectrum,
the hydroxylic proton appears as a clean triplet at
6 4.47 (J = 5.5 Hz).

The value of the coupling constant between the

geminal hydrogen atoms a to the ether oxygen atom (8.4

Hz) is very close to the value given for (42), confirming

-

that the trimethylsilyl group cannot in this case exert
an adequate B-effect on carbon because of the relative

orientation of the C-Si and C-Se bonds in (31), which

deviates from the parallel alignment necessary for the

stabilization of a developing positive charge by the

;iliéén.57 This observation contrasts with the results

36‘

obtained using the simple vinylsilane (37), in which, however,

the observed regiochemistry of addition might have been

the result of thermodynamic ecntrcliSB



Presently it is not easy to predict the ease of

equilibration (32) 7 (42) under the reaction conditions.

94,h

-The reason why ring closure of (30) proceeds so slowly

and does not go to completion, is rather difficult to

understand, especially if compared with the extremely

facile process (43) + (44). It is, therefore, unlikely

that the trimethylsilyl group exerts a significant
effect. Further speculation is impossible in the

of further data (for example, experiments on other

™

unctionalized vinylsilanes).

steric

absence

37.



PART 3: ADDITIONS OF CUPRATES TO a,8-UNSATURATED ALDEHYDES.

Geminal methyl groups attached to a carbon atom,
especially as part of a carbocyclic system, are a common
feature in many natural jubitaﬂeg;_sg Due to the avail-
ability of the carbonyl group, its versatility for
assembling molecular frameworks and its susceptibility to
further transformations, we were led to explore the
possibility of devising an efficient, reliable, stepwise
method of converting a carbonyl function into a geminal
dimethyl graup,éo as in eg. (30). A chemically reason-

able scheme for this transformation is shown in eq. (31).

}>‘iﬂ — } <. | (30)



A similar scheme involving the intermediacy of a,f-
unsaturated sulfones has been investigated by Pﬁgner_SOE
The introduction of the methyl group was achieved using
lithium dimethylcuprate, but the yields were clearly not

61 and

satisfactory. Our scheme, apart from step (a)
step (s:),62 which are well precedented, presents the

problem of a conjugate addition to a,f-unsaturated

ldehydes. It is known that with organolithium reagents

enals are more susceptible to 1,2-addition than enanes.EB

']

srignard reagents give usually 1,2-addition, although

isolated cases of conjugate additions have been rep@rteégsi

6

W

Organocadmium compounds are also poor in respect t@

1,4~additions. Enals can function as Michael acceptafsps

although in some cases this can be the result of thermo-
dynamic cantfﬁl_sse In general, there haé been reluctance
to use enals in° conjugate additions, due to the unpredict-
ability of the regiochemistry (i.e., 1,2 vs. 1,4) of the

additi@ni57

Our obvious initial choice as reagent for step (b)

was lithium dimethylcuprate. Cuprates undergo effective

conjugate addition to en@nessg but only a few scattered

reports exist in the literature where a,f-unsaturated

aldehydes have been employed as subitrgteg.sg Recently,

70

however, two detailed studies on the subject have

appeared: Lithium dimethylcuprate adds smoothly in a

39.
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conjugate fashion to simple a,B-unsaturated aldehydes,
but significant amounts of 1,2-addition (up to 648 °3)
occur when more branched substrates are used. Other
cuprates give variable amounts of 1,4-addition, and the
trend seems to fit the scale proposed by House71 , which

measures the relative ability of lithium dialkylcuprates

to undergo conjugate addition with encnes [eq. (32)].

n-butyl - vinyl > phenyl - methyl - sec-butyl

> tert-butyl - allyl (32)

House72 has proposed that conjugate addition of cuprates
to enones proceeds via initial electron transfer, and has
correlated the reduction potential of several unsaturated
compounds with their reactivity in conjugate additions
with cuprates. The cdnclusion71 is that the reductionr
potential of the unsaturated carbonyl compound dhould be
within the range -1.3 to -2.3 V in order to obtain conjugate
addition of lithium dimethylcuprate in good yield.
House's mechanism is not universally accepted74 but the
‘correlation "reduction potential—reactivity in 1,4-addition"
seems to allow predictions with most a,B8-unsaturated
compounds, particularly ketones and esters.

In the case of enones the main competitive reaction
is enolization,75 while 1,2-addition is less often

observed. 1In fact, saturated ketones do not react readily



with cuprates to form l.éagdduetgi75 For saturated
aldehydes, however, the situation is different, reaction
with lithium dimethylcuprate resulting in rapid (even at
=-90°C) l,z—gdditﬁcng77 by an unknown mechanism. Hause73
has given a set of empirical rules to estimate the
reduction potential of a,f-unsaturated carbonyl compounds.

, , .. . 70
Most of the enals studied recently by Normant 0 have a

conjugate addition, but nevertheless much 1,2-addition
is sometimes observed.

It is clear that a,f-unsaturated aldehydes are a
special case within the group of substrates for cuprate
conjugate additions, due to their tendency to react in
the 1,2 mode. We reasoned that, if conjugate addition
occurs via electron transfer and 1,2 addition, in principle,

ia a different meahgnism,78 the use of cuprates with

<

more negative reduction potential might selectively

enhance the rate of 1,4-addition, possibly without notice-

aéle effect on the rate of 1,2-addition. . Since deter-
S;ﬁinatians of oxidation potentials of cuprates by electro-

chemical measurements are precluded by the slow rate of

electron transfer from the cuprate to the Eléctfﬂaeg

;urface,79 we decided to investigate empirically a

series of cuprates capable, in principle, of delivering

a methyl group to enals, in order to seek selectivities



better than those observed in the case of lithium dimethyl-
Supratei7a

We also planned to test a few of the literature
methods available to perform step (a) in eq. (31), and
to carry out some decarbonylations using Wilkinson's
reagent, tris-triphenylphosphine :hadiumfi) chlcrideso
in order to establish whether the quarternary cg;ter
adjacent to the reaction site has a significant effect

on the rate of decarbonylation.



(A): Availability of a,B-unsaturated aldehydes.

Of the many possible syntheses of a,B-unsaturated
aldehydes, we took:- into consideration only the ones that
use as a substrate a ketone (or an aldehyde) and that
proceed with a two-carbon homologation to an enal;el
as in our original plan [eq. (31)]. The preparation of
our substrates serves to illugzigté some of the many

methods available for such a transformation.

and the resulting hydroxy esters can be converted ulti-

mately into enals, as shown in eq. (33).

1) KOH

| BrznCHpCO0Et  \/ 2) Hy0*
=0 —_— _ 7 3
, . 3)Ac

Ry Ry COOE!

Thus, enals (45)%1® and (48)%% (p. 54) were obtained by Mno,



oxidation of the parent allylic alcohols. This scheme

certainly_does not appear to be advantageous, due to the
fact that several steps are involved. A modification of
the above idea involves the use of a directed aldol con-

densation,61m which is a much more direct approach

&0 2)) H 0" : ” O—<c a

(22%) (50)

leq. (34)].

As illustrated by the preparation of (Eg):’og the
method involves essentially one step, but the harsh
conditions required in the dehydration of the intermediate
B-hyd;oxy aldehyde - a much more sensitive substrate than
a B-hydroxy ester - lower the yields significantly. An
efficient way of avoiding such a step is to use anions
from a-trimethylsilyl _t_-butylimines.Slf This method

leq. (35)] is operationally simple, and we tested it in the
preparation of (45), (49) and (52) (p. 54-55). We found that,
although the yields were unifomly acceptable, the reac-
tion mixture always contained small amounts (typically
10-20%) of unreacted saturate& ketone, and its presence

could not be avoided by altering the concentrations of

4‘i
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45.

A
N'lu
, Li
t
o X »
+
R2
iMe,
(35)
R CHO
_pH
o ~
: Ry Ry

the species in solutions (i.e., using an excess of imine

-,anion). On the rather small scale that we employed, this

implied a careful purification by flash chramatcgraphy,ag
and this technique was always accompanied by loss of
product in mixed fractions; consequently our yields were
usually not-higher than 50%. It is likely that, operat-
ing on a larger'scale and purifying the product by
distillation, one might obtain better isclated yields.

6lg which is relatively convenient but

Another method
presents, too, the disadvantage of affording a product
accompanied by starting material, is illustrated by the

preparation of (46) [eqg. (36)].



‘6!

;\/\/H\ N2 /\/y PHCOCI

2) H30+ (77% overall)

CHO

(46)

Finally, the most convenient method, in our experience,

was used in the synthesis of (51) and (53) (p. 55) and is
shown in eq. (37).61t
F s
o Li OEt Ms
1) \/
+.
X0 2) Hy0 |
H H OH OEt

(54) .

Me -
+
HSO . |
(75% overall) CHO
H ’ (37)

(53)




The method exploits the rapid [1,3] transposition of
tertiary allylic alcohols, and in this case the resulting

carbinol (54) 1is rapidly hydrolyzed under mildly acidic

conditions. With this one-step procedure little start-
ing ketone is observed, the purification of the product

is simple and the yields are high. We tested the method

also in the preparation of (45) (p. 54) and we obtained a

6lr

isolated yield. The required g—lilithigéziethexy!

ethylene can be prepared either from Z-1-bromo-2-ethoxy-
ethylene by Br/Li exchange,slt or from (2-ethoxy-
vinyl)-tri-n-butylstannane by Sn/Li exchange.slr's Since

the bromide is easier to pregareSlt an

is now also

[+ 7

commercially available (Aldrich), its use is certainly
more convenient.
Other meth&dsSl are available for the synthesis of
a,f-unsaturated aldehydes, and we believe that this
class of compounds has become now sufficiently accessible
to warrant its use in organic synthesis. Our experience
and, if kept at room temperature in ordinary, stoppered,
vials, they undergo appreciable decomposition after 24 h.
They can be stored without evidence of decomposition
under a nitrogen atmosphere at -20°C for short periods
(2-4 weeks), 80 that their use in synthesis should not

pose any special problems.

90%

47.



(B): Cuprate additions to a,f8-unsaturated aldehydes.

Our model compound for the conjugate addition of
cuprates was enal (45), which possesses an exocyclic
double bond."rhis compound was chosen due to the
large number of natural -ubstances59 featuring a gem-

dimethyl group attached to a six-membered carbocyclic

skeleton.

OH OH
CHO
— 6 + + (38)
(45) (45a) (45b) (45¢)

When we treated our substrate with a slight excess
of lithium dimethylcuprate in ether at -75°C to -40°C
and quenched the solution with a saturated ammonium
chloride solution, we obtained a 71% yield (corrected for
recovery of 9% starting material) of a mixture of (45a)
and (45b) in the ratio 87:13. We found it especially

lH—NHR, by integration

convenient to measure this ratio by
of the signal due to the aldehydic hydrogen for (45a)
(triplet at 6§ 9.83) and the signals due.to the olefinic

hydrogen or to the hydrogen attached to the carbon bearing

48.



the hydroxyl (multiplets at & 5.15 and 4.60, respectively).
for (45b). Alternatively, integration of the signals due
to the methyl groups in (45a) and (45b) was also used.
These latter signals are fairly well separated. The
diagnostically significant signals are summarized in

Scheme 2.

§5.15

We also prepared an authentic sample of the 1,2-
adduct by reaction of (45) with methyllithium in ether,
and, by comparison of VPC and NMR data, we could confirm
that the minor product in the lithium dimethylcuprate
run was indeed the 1,2-adduct. The ratio 87:13 agrees
qualitatively with the ratios obtained by Harmant7ag
for aldehydes with a similar substitutiof pattern. It
must be noted that the approximate reduction potential
of (43), on the basis of Haule':73 parameters, is -2.1
'V, a value that is within the range for which conjugate

addition is predicted without complications. As noted



in the introduction, it is likely that this range is
narrower in the case of enals, and we sought a more
selective reagent for the conjugate addition. It was
noted recently by Ashbyaa that when one adds an ethereal
methyllithium solution (dissolved lithium salts do not
seem to have any influence) to a slurry of purifiedM
cuprous iodide in ether, oneobtains a yellow-orange
suspension of methyl copper. The mixture then slowly
decolorizes on further addition of methyllithium and the
precipitate starts to dissolve. A clear colorless
solution is obtained when 1.67 equivalents of methyl-
lithium have been added, that is, before the stoichiometry
of lithium dimethylcuprate has been reached. Thus, there
must be a complex in solution corresponding to a stoi-

chiometry HEBCuBLiZ which is formed prior to the formation
of the better known HEZCuLi. AshbyaB

characterize the species by NMR, but by analogy with his

could not

complex HEBCuzLi could be detected clearly, he postulated
that 2:3 is the lowest ratio of Li:Cu that can be obtained
in a methylcuprate in ether. In retrospect, it is very
surprising that after so many years of cuprate ehemistryéa
none of the many chemists who have prepared solutions of
lithium dimethylcuprate seem ever to have reported

this observation. Certainly, to our knowledge, none has

acted upon it.

50.
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This state of affairs can, in part, be™due to the

fact that rﬂleso:‘u:r,2 and Me,CulLi behave very similarly
BS

in the conjugate addition to enones - and, moreover,
the complex HEBCuLiE;BB which is formed on further

aéditiﬁn of MeLi to lithium dimethylcuprate solutions,

is also a good carrier of the methyl group in conjugate
additions to enones. 85 Thus, a deficliency or an excess
of methyllithium in the preparation of lithium dimethyl-
cuprate does not affect its reactivity (reaction rates
are, however, slightly éifferentas ) with enones, and
this has probably prevented - through the observation of
some abnormal product distribution - thé discovery of the
reagent HESCuzLig We repeated Ashby's praceduresg using
freshly titrated methyllithium containing 5% lithium
chloride, and we indeed observed that a clear colorless
solution is obtained at 0°C when 1.67 equivalents of
methyllithium have been added. Addition of 2 equivaIEﬂtsas

of our enal {(45) to this solution, in the temperature
range -75°C to -40°C, followed by work-up, gave (45a)
- and (45b) in the ratio of 99:1, plus another compound
that was identified as (45¢c) upon comparison (VPC, NMR)

with the data ab%gined on an authentic sample. Typically

(45c) comprises 3-7% of the total product, as judggd by
-

VPC relative peak areas. There is precedent in the

literature for reductions of aldehydes during lithium



dimethylcuprate rea&tiang,§7 presumably by methylcopper,
and to confirm this we ran a reaction using methylcopper

- as a reagent: consumption of the enal was rather slow

even at -10°C, and (45a) plus (45c) were obtained in a

2:1 ratio (by VPC), with no trace (<0.5%) of (45b).
We did not investigate further this reductive side-
reaction since we found that, by using the cuprate and

sed

the enal in a 1:1 ratio, reduction could be suppre
completely.

A further point deserves comment in this reaction:

the quenching procedure, as recognized by Narmantf7°aii
more critical here than in the case of enones; in fact,
aldehydes can undergo rapid self-condensation or other
side reactions (Cannizzaro) during quenching. These
processes are initiated by the strong bases that aré\
present before the quenching is complete. Indeed, our
yield was 71% when we poured onto the reaction mixture
at 0°C a cold ammonium chloride solution, but when we
quickly added an excess of neat acetic acid at -75°C,
followed by work-up and distillation, (45a) could be
obtained in 90% yield, and the material contained only
traces (l1%) of its isomer (45b), the 1,2-adduct.

Our conclusion was that HESCQ3L12 does indeed behave
differently from HezeuLi in ether, at least in its

reaction with a,B-unsaturated aldehydes, and its use

52.
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might allow us to effect the process (b) in our

original plan [eq. (31), page 38 ] with high chemical yield
and excellent regioselectivity. We decided, therefore,

to study the properties of this new cuprate reagent in
further detail, especially with respect to its reaction
with a,B-unsaturated aldehydes. We studied the regio-
chemistry of the addition of Me_

5
representative enals (calculated

CuBLiZ to a number of

73 reduction potentials:
obtained similarly with ngéuLi. The presence of 1,2~
adducts was confirmed (or excluded) in each case by
comparison of the VPC and NMR of the total reaction product
with the data obtained from authentic 1,2-adducts,

prepared by fea;tian of MeLi with the enals. Our compara-
tive study is summarized in Table 3 (page 54 ). Enals

(46) and (47) illustrate the use of acyclic B,8-disubstituted

CHO

(46) (46a)
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substrates. Both enals gave essentially only 1,4-addition
with Hescu31i2, while HezéuLi gave some 1,2-addition (8.5%
and 108, respectively).* The reaction of citral with

Me,CuLi has been studied already: ﬂafmaﬂt7og reports a’

19% 1,2-addition, while other authors report only ca. 5!693
(estimated by VPC relative peak areas). Operating at

lower temperatures than Normant, we find less 1l,2-addition,
not surprisingly. Our figures, obtained by NMR, were
confirmed by separation and isolation of thé two adducts
(see experimental). The case of (48) illustrates the

use of a,B-disubstituted enals. We found little (1.5%)

/\/\/\fl'\-cno

|

(41)
1,2-addition with MegCujLi,, although Me,CuLi also gave
mainly (94.5%) 1,4-addition. We found that .in tﬁg case

of a substituted enals, the aldehydes resulting from

56.

conjugate additions were unstable in the reaction mixture, =

decomposing to give mainly saturated ketones with one

£

less carbon atom ([eq. (42)].

These and similar following figures refer to relative pro-
portion of the specific adduct in the total distillate
(see Table 3).
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This reaction was first observed by Narmant70 in his
ammon ium chlgrideéquenehea reactions, and ;e found that
acetic acid as a quen&hiné agent does not prevent this
oxidative decarbonylation. The mechanism of the reaction
is not known, but cuprous or cupric ions almost certainly
88  Following Normant,’0a

play a role. we have quenched

our reactions at =-75°C with chlorotrimethylsilane -
triethylamine - HMPA.BS and isolated the trimethylsilyl

enol ethers of the aldehydes in good yields. These

tion, including elemental analysis. Ngrmant7ob has shown
that, if desired, the parent aldehydes can be recovered
efficiently by fluoride ion-catalyzed methanolysis of

. the enol ethers. Enals (49) and (50) were chosen with
the purpose of testing our reagent with less easily

, . 73

reduced substrates [estimated reduction potential is

-2.2 vV for both (49) and (50)).

compound’ (50) conwmins a double bdhd exocyclic to
a 5-membered ring, while in (49) the double bond is
exocyq}ic to a(éimgmbEfgd ring, and this introduces a

strain,90 .possibly making the substrate more prone to
RN



. EEHHDS
CHO — ,
(43)
——y +
(49) (49a) (49b)
0SiMe, OSiMe,
CHO p——t )
Q’< _ + (44)
(50) (50a) (50b)
4

conjugate addition.

Compound (50) had been tried already by Harmaﬁt7oa
as. a substrate for MeZEuLi reactions, and from his results
(64% 1,2-addition) we knew it to be a particularly
difficult case.

MESCuZLiz in ether gave 77.5% conjugate addition, a
substantial improvement over the 36% obtained with HezcuLi_
Following the observation by Hause7l that the introduc-
tion of a non-polar solvent promotes l,4-addition relative
to side reactions (enolization, in the case of enones)

that are not related to the electron transfer process,

o

and that this effect is quite appreciable for substrates

having reduction potentials at the threshold value for
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useful conjugate additions (-2.3 V for enones, possibly
~2.2 V for enals), we tried a mixture of ether-pentane
a8 reaction solvent in our MeSCu3Li2 runs on (50). 1It
was,of course, not clear a priori whether the introduction
of another solvent would alter the nature of our "ate"
species. We indeed observed no visible change (i.e.,
coloration or Precipitation) upon addition of three
volumes of pentane to an ether solution of MeSCuBLiz,
and, by addition of (50) to this solution, we could
isolate an 85:15 mixture of (égg) and (50b) in good yield.
Therefore, the use of pentane does indeed represent an
improvement, in‘this case, with respect to using simply
diethyl ether.

The case of (49) was even more fortunate: the use
of an ether-pentane mixed solvent suppressed completely
the 1,2-addition process, and (49a) was isolated pure as
the only product in good yigld. MeZCuLi, even though
ether-pentane was used as a solvent, still gave 20% of
the 1,2-adduct (49b), identical with the material prepared
by using methyllithium as nucleophile. When we repeated
the run of (45) with Me2CuLi in ether-pentane, however,
we d}d not record any improvement over the 87:13 ratio
of 1,4 vs. 1,2 addition, showing that pentane as co-solvent
is only useful in limiting cases when the reduction

potential of the enal is pPresumably around -2.2 v.



The role of the solvent in these conjugate additions
has been discussed by House;71 the cuprate clustergl
presents electrophilic and nucleophilic sites, as shown
in Scheme 3 (page 61). The electrophilic (Li) sites are
véry important because they complex with the carbonyl
oxygen in the first stage of the process; consequently
their complexation by solvent molecules slows down the
initial cuprate-substrate equilibrium, and as a result of
this, the whole process. In fact stronger donors, as DME
or THF, have a deleterious effect on the conjugate addition
process.

Since we had fouhd a substrate, (50), in which even

with MeSCu3Liz a measurable proportion of 1,2-addition

was recorded, we decided that (50) was the ideal system
on which to test other cuprate reagents, in order to
check whether we could find an even more selective species

764

for the conjugate methylation. Still has proposed

that Me3CuLiz in ether is an efficient reagent for
conjugate addition to unsaturated aldehydes but, since:
the species is in équilibrium with HeLi,SB we doubted
very much that the reagent could undergo conjugate addition
in an efficient manner with enals. Indeed, when reacted
with our substrate (50), the reagent gave mainly (96%)
l,2-addition. A species that deserved more serious
consideration was the bromomagnesium analogue of our

pentamethyl species. Recently Leyende:kergz has introduced
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the reagents HeRICuB(HgB:)Z as highly reactive cuprates,

l.e., species that add in a conjugate fashion to enones
that are difficult to reduce. We prepared a suspension

of -HESCEB(HQEE)Z“ according to the directions of the

French authors, and added our enal (50) at -40°C. The
result, somewhat surprising, was almost complete 1,2-
addition (96% vs. 4% 1.ﬂfadditiaﬁ)i

Another species mefitiﬂg examination was the cuprate

, , . . . .. .. 83 |
Me,Cu,Li, that has been characterized by Ashby in THF

3772

and dimethylether. It had been Efccgnized7l that THF

is not the ideal solvent for cuprate conjugate

68

additions; indeed once again 1,2-addition was the

i

predominant process (80%, vs. 20% conjugate addition).
Other products were detected by VPC and NMR, 80 that the
addition process in THF is also inefficient with respect
to the yield. Recently, after the completion of this work,
Normant has proposed HeZCuH§C1 in THF as a reagent for
conjugate additions to enals. He has reported only one
example, which is characterized by a rather low yield
(49%).70b

Our results on the comparative study of the action
of several cuprates on enal (50) are summarized in Table
4 (p. 63 ). 1t seems clear that aeSQuELiz in ether-
pentane is by far the most promising reagent among those

we have tried, and we went,on with our study of its
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Table 4. ACTION OF VARIOUS CUPRATES ON 2-CYCLOPENTYLIDENE -

PROPIONALDEHYDE.

Conditions ¢ Yield® % 1,4-Addn.P % 1,2-addn.P

Me,Culi, ether, 0°C® 86 36 64

Me _Cu.Li

=50°C + 0°C

Me_Cu.Li ether-pentane g8 85 15

5773772

-50°C + 0°C

HEBGuLir, ether 84.8 4 96
-50°C + 0°C

HESCQBAQEEI , ether 92.0 4 96

-40°C + 0°C

M

0
\r-nl\

u, i, THF - 20 80O
-50°C + 0°C

€3

2Yields refer to distilled samples that were better than
99% pure (VPC, DEGS, 100°C) unless otherwise stated.

Preactions were quenched with chlorotrimethylsilane (see
Experimental part), Proportions of 1,4- and 1,2-adducts
were estimated by iH NMR (CDCl., 200 MHz).

cDate from Normant, Ref. 70a.

dThe mixture of (50a) and (50b) was contaminated by
impurities (ca. 50% of the total product, estimated by
VPC relative peak areas).
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reaction with other a,B-unsaturated aldehydes.

on
CHO
~—CHO
. + (45)
- %ggf’
(51) , (51a) (51b)

The results with enal (51) are not easy to rationalize,
since a fair amount (5.5%) of 1,2-addition was recorded
even with HeSCQQLi g (HEZCuLi gave 17% of 1,2-adduct).
The use of ether-pentane as a reaction solvent did not
improve the result :ubstantiglly.g3

Finally, enals (52) and (53) (p. 55) were chosen in order
to study the effect of remote substituents on the reaction
course. The degree of double bond substitution influences
directly the reaction course by controlling the reduction
potential of the enal, while more remote substituents
are expected to exert mainly steric effects. There is
precedent for steric effects in cuprate conjugate addi-
tianség and it is known that lithium dimethylcuprate
is a bulky species. We wanted to test in a qualitative
way how our féaggntrwﬁuld respond to situations in which
approach to the ccmj?te double bond was hindered, in
order to determine its steric requirements.

Work on addition of organometallic compounds to

cyclic ketones has identified several sterecelectronic
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factors in controlling the preferential direction of

approach by the incoming alkylating agentgi (Scheme 4).

"axial®" attack

"equatorial” att;ék

It has been pr@pc:edgs that in cyclohexanones the
nucleophile is subject to (i) steric strain wikh the

3,5-axial substituents when attacking from an “"axial"®

direction; (ii) torsional strain with the 2,6-axial
substituents when attack is "equatorial®”. The two effects

oppose each other, one favoring "equatorial"” attack,
the other promoting "axial® attack. For bulky nucleo-
philes (other than hydrides), "equatorial” attack is
observed preferentially, %ith a variable degree of

selectivity.

| : Mooy, 'y ©(46)
_ sy _ L o




Using a reactive cuprate, szillTEd observed excellent
selectivity, on t-butylcyclohexanone, toward "equatorial”

attack [eq. (46)]). Admittedly, the situation is different
6

~
o

with a,B-unsaturated carbonyls, but a few examples
suggest that the qualitative behavior is similar,
"equatorial” attack being largely preferred. [see aq.

(47)].

(47)

In the case of (52) (p. 67), we investigated the influence
of one substituent a to the exocyclic methylene group in
order to see whether it wouid exert any influence. Quite
surprisingly, even in ether-pentane, we observed large
amounts of 1,2-addition (54% vs. 46% 1,4-addition),
MeSCu3Li2 being even less effestive, in this case, than
Me,CuLi (51.5% 1,2 vs. 48.5% 1,4).

The 1,4-addition product was obtained in both cases
as a 3:1 mixture of diastereoisomers. It is assumed,
by analogy with the reaction of (49) (p. 55), where only one
olefinic isomer (presumably E) of the trimethylsilyl enal
ether was obtained in the conjugate addition, that here
too we obtain two diastereomeric, isomerically pure E

olefins.

66.
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_ _ ;777;
tﬁ 7
CHy
+ — +
A
E-I;l ﬁlﬂlﬁ:;
(52)

(52a) . (48)
. .

It was not possible to ascertain which diastereo-
isomer was formed preferentially; tentatively, we assign
the structure A to the major isomer (methyl at C-1 shows
a singlet at & 0.90) while B, the minor isomer, shows

the resonance due to the methyl at C-1 shifted downfield

(singlet at & 1.17), due to its axial position.’® The

assiéﬁment of the relative proportions would not, however,
clarify completely the situation; in fact, it is not

in which conformation (52) will react,

so it is not possible to ascertain which isomer is the

67.



result of an "equatorial" attack and which is the result

of an "axial" attack. We have drawn (32) arbitrarily

with the methyl group in the axial position. Probably,
R

~J

due to A (1,3) strain the methyl group is indeed
present largely in the axial position, as shown, but it
is not known in which conformation (32) will react
preferentially. If we extend the considerations made
in the case of cyclohexanones to our pPresent situation,
the adverse effect on the conjugate reaction can be
explained by invoking an interaction between the
nucleophile and the axial methyl group, so that "axial"
attack would become p:eﬂam%nant@ to form A, and the
overall reaction would be hindered, since the "axial"”
attack is a disfavored path, not narmally‘abserved.ma
If the reacting species has an equatorial methyl group,
it seems harder to rationalize the pronounced -
deleterious effect of the substituent.

Although it is not easy to reach a definite conclusion
on the basis of this single example, it is clear that,
when alkyl substituents are introduced in the 6-membered
ring in the position a to the exocyclic double bond of
the enal, the reaction with ME5CU3L12 loses much of its
selectivity, due to steric and/or torsional strain fa;tarsi
It would seem, on the basis of this discussion, that

= £ i

Sai
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effect on the course of the conjugate addition, which
should then préceed by its usual "equatorial®” gpprcgqgi
The results with (53) suggest that this is the case |
(98:2 1,4 vs. 1,2 addition with MeSCu3LiZ), although in
this case once again we could not assign the structure

of the two diastereomeric aldehydes by inspection of their
spectral properties. By VPC, their ratio was 95:5. Qging

to the conformational mobility of (53), equatorial attack



a priori which path is more favorable. 1In this reacticn.
remarkably, Me ,CuLi shows essentially the same results
as MegCu,Li,, little (2.5%) 1,2-addition being observed.
This experiment concludes our efforts witg respect to the
reaction of a,B8-unsaturated aldehydes with cuprates.

It seems to us that the use of enals as conjugate
addition substrates can be very wseful in synthesis,

despite the fact that they have been little used, so far,

u

in this respect. The species_HESCBBLiz undergoes con-
jugate addition ;a enals having Pértially or completely
substituted double bonds in excelient selectivity,
+8uperior to that displayed by the more classical Me,CuLi.
With hindered substrates, as generally observed in

cuprate reaction, Me,_ CuBLlE loses much of its selectivity,
and this suggests that its use should be avoided in
sterically crowded m@leculegigg The reagent lends

itself, however, to the obtention of quaternary eenterg,gg»
for which there is much interest in synthesis, and the
versatile aldehydic group can be used in subsequent
manipulations. We feel that the conjugate addition to
enals can be of extreme value in assembling highly branched_
acyclic carbon skeletons, that are quite important in

the field of natural product synthesis.sg In this

7Di



unsaturated esters, which in principle could be used in
lieu of aldehydes (and then, if necessary, reduced) do
not undergo conjugate addition with cuprates in a

68

The use of cuprates containing groups other than
methyl probably deserves a detailed study. Harmant70b
has studied mainly dialkyl cuprates, with variable results;
it still remains to be determined whether the use of more
complex cuprates (e.g., do other R52u3L12 species exist
in ether?) can turn the conjugate additign to a,B-
unsaturated aldehydes into a widely general synthetic
method.

In order to complete our original scheme [eq. (31),

'pPQBS ], we tried to perform some decarbonylation experi-
ments on our methylated Eﬁbstfatesé but we soon realized
that these aldehydes are too hindered to be decarbonylated

under mild conditions with Wilkinson's reagent.aa In

. oo m(ﬁg - at 80*C: 9
- at ‘115°C: 20% (50)

refluxing acetonitrile, the conversion of (45a) to (55)

was exceedingly slow and even at 115°C [which is the b.p.

71.



of (55)) in benzonitrile we obtained only a 20% conversion
after an overnight reaction period. The reaction is,
however, very clean and one can presumably bring the
reaction to completion by working with less volatile
c&mpounds in refluxing (190°C) benzonitrile, but we felt
that the vigorous)thermal conditions required for this
transformation make the overall process synthetically
unattractive, although in principle viable.

MeSCu3Li2 has already been tested saﬁisfgctcrilyss
in its conjugate addition to enones, but we were curious
to see whether the new reagent could add to hardly
reducible enones, i.e., enones to which HEECQLi fails
to add. We made a sample of (56) (reduction p@tentigl:7l
-2.43 V), which is inert to HeZCuLi. We found that
Me CuyLi, too does not react with (56) even in ether-
pentane and at a temperature of 0°C. It appears that,

S
(<]

/‘\T/

if MeSCu3Li2 is a more powerful reagent thgn.HEECuLi in

electron transfer processes, the difference in oxidation

(56)

potentials is probably small.
Finally, we test®d a,f-unsaturated epoxides as

{ substrates for conjugate additions with HeSGuzLi . The
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reaction of (57) with Me,CuLi to give a 1:1 mixture of

H g -]
d — + . é (51)

(S?a) and (57b) plus some elimination product (57c¢) has
100

been described. We found that MESCUBLiE gives exactly

the same product distribution under analogous thermal
and concentration conditions. It is likely that the
features that make HESCuzLiz
additions to enals do not have any effect in this case,

a good reagent for conjugate

since the reaction mechanism is likely to be completely
different;lao i.e., it probably does not involve electron

transfer. Complex cuprates that show a high degree of

selectivity in their addition to a,B-unsaturated epoxides

, . .. . l01
have recently been descr;bedalo’
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EXPERIMENTAL PART

(A): General

Except where stated to the contrary, the following
particulars apply. For reactions carried out under
nitrogen, oven-dried glassware (130°c, 12-24 h) was used.
The apparatus was allowed to cool in a desiccator or
assembled hot: capped with rubber septa, and swept with
nitrogen for ca. 15 min. Reactions weére performed (after
removal of the exit needle, unless gas was to be generated)
under a slight static pPressure of nitrogen. The nitrogen
used had been purified by passage through a column (3.5
x 40 cm) of R-311 catalystlﬂz and then through a Similar
column of Drierite. All solvents were distilled before
use for chromatography_ Solvents were dried, where
specified, by distillation, under a static nitrogen
atmosphere, from suitable desiccants and transferred via
oven-dried syringes. Dry ether and THF were distilled
from sodium (benzophenone indicator); dichlaramethane,
chloroform, deuterated chloroform, benzene, toluene, ]
pentane, pyridine, acetonitrile and hexamethyl Phosphoric 3;7
triamide (HMPA) from calcium hydride [the latter under
reduced pressure (0.1 mm)]; acetone from anhydrous
potassium carbonate; methanol from magnesium methoxide.

Benzonjtrile was distilled under nitrogen. The f@llgwing
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reagents were also dried before use and dispensed by
syringe: thionyl chloride simply by distillation; tri-
ethylamine, chlorotrimethylsilane and diisopropylamine
were distilled frpm calcium hydride. Magnesium turnings
for Grignard reactions were rinsed with dry ether and
dried at 130°C overnight prior to use. Cuprous iodide
(Fisher) was purified by the literature methada4 and
always stored under a nitrogen atmosphere. The commercial

(Aldrich) solutions of methyllithium in ether, t-butyl-

lithium in pentane and n-butyllithium in hexane where
titrated, before use, by the éiphenylacetic acid methcdiloz

Methylmagnesium bromide in ether (Aldrich) was titrated
with chlorodimethylphenylsilanéi104
Trimethylvinylsilane was commercially available
(Petrarch) and was used with@utrfurthg: purification.
Benzeneselenenyl chloride from Aldrich was found to
be satisfactory for our purposes and was normally used
as received. Triphenyltin hydride was made according
to the literaturelD5 in small batches (10-20 g) and
stored under nitrogen at -20°C for relatively short periods
(up to 2-3 months). During product isolation, solutions
were evaporated under water pump vacuum at room tempera-
ture. Where compounds were isolated simply by evaporation
of their solutions, the residues were kept under oil : ;

pump vacuum and checked for constancy of weight. 1Isolated



products were submitted directly for combustion analysis
without need for additional purification, unless other-
wise stated.

All vapor phase chromatography (VPC). analyses were
performed on a Hewlett-Packard 5830A gas chromatograph
equipped with an FID detector and, unless otherwise
noted, with prepacked Hewlett-Packard 6 ft, 1/8" o.d.
stainless steel analytical columns with nitrogen as the
carrier gas. Columns used were: 10% DEGS-cn Chrgmasggb
W, 80-100 mesh, 108 FFAP on Chromosorb W, 8B0-100 mesh
and 10% APIEZON L on Chromosorb W, 80-100 mesh.

Yields were evaluated by VPC in thé following way:

a standard solution was prepared composed of the compounds
to be analyzed plus an inert internal standard diluted
with the appropriate solvent to the apé:@ximgte concentra-
tion expectéd to occur from the reaction. Response
factors of each component, compared to the internal
standard, were calculated. The absolute yié#ld of a
specified component was then calculated by addition of a
known amount of internal standard to the quenched solution
of the reaction mixture, followed by VPC analysis.
Commercial thin-layer chromatography (TLC) plates were
used: silica was Camag type DF-B or Merck 60F-254;

-
alumina was Camag type DSF-B or Merck 60Ft254. Plates
4

60 x 20 x 0.1 cm and were heated at 110°C for 1 h before

A
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use. Silica gel for PLC was Merck type 60-P

PF
L}
active spots were detected at 254 nm; spots detected by

-254. UV

spraying with sulfuric acid (50% in methanol) were charred
on a hot plate. Silica gel for column chromatography was
Merck type 60, 70-230 mesh ASTM; silica gel for flash

39 was Merck type 60, 230-400 mesh ASTM.

chromatography
Silica gel for cyclofunctionalization reactions was

Merck type 60-PF-254, and was dried at 115°-130°C over-
night, then allowed to cool i a desiccator. Alumina

for cyclefunctionalization reactions was Merck type

GF-254 (60/E) and was similarly dried.

Infrared spectra were recorded on a Perkin-Elmer 297
infrared spectrophotometer; liquids and oils were usually
run as neat films on sodium chloride plates, :@l}ds were’ﬁ
run as solutions in the specified solvent, using 0.5 mm

odium chloride cells. Proton NMR spectra were recorded

on Bruker WpP-80 (at 80 MHz), Perkin-Elmer R32 (at 90 MHz),
varian HA-100 (at 100 MHz), Bruker WH-200 (at 200 MHz)
or Bruker WH-400 (at 400 MHz) spectrophotometers, in the

specified deuterated solvent with tetramethylsilane (TMS)

lBC-NHR€‘Eectra were recorded

as an internal standard.
on a Bruker HFX-90 (at 22.6 MHz) spectrophotometer with
deuterated chloroform as an internal standard. Mass
spectra were recorded on an A.E.I. MS5-50 mass spectrometer

at an ionizing voltage of 70 ev.



For reactions run at 0°C, the reaction flasks were
cooled in an ice water bath; lower temperatures were
obtained by the use of dry ice-ethanol mixtures. Unless
oghervise noted, stirring refers to the use of a Teflon
coated magnetic bar. Melting points were determined on
a Kofler block melting point apparatus. Boiling points
quoted for products distilled in a Kugelrohr apparatus

refer to the oven temperature.

78.



(B): Cy:lafunc;ignali:;tinn of un;gtu;ltgd urethanes.

Preparation of unsaturated urethanes:

-Cgrbethaxy-l-pentgnyllmine (l) 4—?eﬁt2ﬂylgﬁine20

(1.45 g, 17.03 mmol) was dissolved in water (10 mL). Ethyl
chloroformate (1.075 g, 9.91 mmol) was added and the
mixture was shaken vigorously for about 5 min with inter-
mittent cooling by immersion in a cold-water bath. A
solution of sodium hydroxide (800 mg, 20 mmol) in water
(5 mL) was added, followed immediately by more ethyl
chloroformate (1.075 g, 9.91 mmol). The mixture was
shaken vigorously for 15 min. It was then extracted
with dichloromethane (2 x 30 mL) and the organic solution
was dried (Na SQ ) and evaporated. Distillation of tﬁ?
residue gave 2.398 g (89%) of (1) as a colorless and
homogeneous (vpc) oil: bp -90°C (2.3 mm); NMR (CDC13,
100 MHz) 6§ 1.22 (¢, J = 7 Hz, 3H), 1.4—1.8 (m, 2H),
1.86—2.32 (m, 2H), 3.16 (g, J = 6.5 Hz, 2H), 4.09 (q,

% = 7 Hz, 2H), 4.6—6.0 (m, 4H); exact mass 157.1102

[calcd for Caﬂls 157.1103). Anal. Calcd for
CqH,cNO,: C, 61.12; H, 9.62; N, 8.91. Found: C, 61.10,

H, 9.62; N, B.94.

N- Cgrbethaxy-z—allylanlliﬁe (2). Ethyl chloroformate

(D 66 mL, 6,99 mmol) and then sodium hydroxide (273 mg,

6.82 mmol) were added to a magnetically stirred and

ice-cooled mixture of Zsallylanilingzs (883.8 mg, 6.64



mmol) and water (12 mL). The cooling bath was removed
after 5 min and stirring was continued for 1 h. The
mixture was extracted with dichloromethane (30 mL) and
the extract was washed with water (10 mL), dried (HEZSDJ)
and evaporated. Chromatography of the residue over
silica gel (3 x 55 cm) with 1:3 ethyl acetate—heptane
followed by Rggelrchr distillation (120°C, 0.1 mm) gave
1.150 g (B4%) of (2) as a colorless solid: mp 45—46°C;

NMR (CDCl 100 MHz) 6 1.28 (t, J = 7.1 Hz, 3H), 3.22—

3!
3.47 (m, 2H), 4.16 (9, J = 7.1 Hz, 2H), 4.9—5.27 (m,
2H), 5.7—6.2 (m, 1H), 6.54 (br. s, lH), 6.9—7.35 (m,
3H), 7.78 (br. 4, J ='§5; 8 Hz, lH); exact mass

205.1101 ([calecd for ClZHlEND 205.1099]. Anal. cCalecd

for C. .H, .NO C, 70.22; H, 7.37; N, 6.82. Found:

12715°72°
C, 70.25; H, 7.31; N, 6.72.

N-Carbethoxy-2- (2-cyclahexenyl)an111na (3) Ethyl chloro-

fcrmate (0 55 mL, 5.7 mmgl) and sadlum hydfcxide (215 mg,
5.37 mmél) were added to a magnetically stirred and ice-
cooled mixture of 2—(zacyclahexenyl)aniline7 (899.6

mg, 5.19 mmol) and water (10 mL). After the addition,
the cooling bath was removed and stirring was continued
for -1 h. The mixture was extracted with dichloromethane
(3 x 15 mL) and the grggnii extract was washed with water

(10 mL), dried (HS?ED‘), and evaporated. Chromatography

of the residue ower silica gel (5 x 60 cm) with 1:4 ethyl

-
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acetate—heptane and Kugelrohr distillation (175°C, 0.8
mm) gave 1.099 g (86%) of (3) as a yellow, homogeneous
(TLC, silica, 1:4 ethyl acetate—heptane) oil that
solidified on standing: mp 38—39°C; NMR (CDElB. 100
MHz) 6 1.24 (t, J = 7 Hz, 3H), 1.3—2.4 (m, 6H), 3.5
(m, 1H), 4.16 (g, J = 7 Hz, 2H), 5.45—6.1 (m, 2H),

6.6—7.35 (m, 4H), 7.55—7.92 (m, 1lH); exact mass

245.1414 [calcd for CLSHLSHD 245.1415]). Anal. Calcd
for C,H QHDZ; C, 73.44; H, 7.81; N, 5.71. PFound: C,

73.28; H, 7.66; N, 5.73.

2- Allylbenza;: acid (;i)_ Magnesium turnings (16.7 g,

0 GE mol) were placed in a dry 2 L, 3-necked flask
equipped with dropping funnel, mechanical stirrer and
reflux condenser surmouhted by a CasO, drying tube.

Dry ether (200 mL) was added and 1,2-dibromobenzene
(153.9 g, 0.655 mol) in ether (200 mL) was added from
the dropping funnel at such a rate as to maintain gentle
reflux (1 h)_ After the end of the addition, the mixture
was . stirred and refluxed a further 50 min, then allyl
bromide §§2 0 g, 0.677 mol) in ether (100 mL) was

added dropwise over 1.5 h. st ing was maintained
throughout. Further reflux (1.5 h), cooling, and
quenching with ammonium chloride (17 g) in water (200 mL)
was followed by separation of the ethereal phase, drying

(Na 564) and evaporation at the water pump. The residue

2
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was subjected to spinning band distillation. The fraction
boiling at 91°C, (14 mm) was collected and found to consist
of two compounds by VPC (APIEZON L, 200°C); the first .
(retention time 7.92 min; was found to be 2-allylbromo-
benzene after VPC separation (40 ft x 1/4" o.d. APIEZON T
10% on Chromosorb W, column temperature 190°C, injection
temperature 250°C). This sample had NMR (CDCl.,, 90 MHz)
¢ 3.2—3.6 (m, 2H), 4.8—5.2 (m, 2H), 5.7—6.3 (m, 1lH),
6.9—7.6 (m, 4H).
The second component (retention tilme 9.53 min) was
“~~ found to be 1,2-diallylbenzene after VPC separation
(ébave é@ﬁditiané); NMR (CDCl,, 90 MHz) 6§ 3.2—3.6 (m,
4H), 4.8—5.2 (m, 4H), 5.7—6.3 (m, 2H}), 6.9—7.2 (m,
4H). By integration of the NMR signals of the distilled
sample (52.48 g) it was established that it contained
approximately 27.1 g 2-bromoallylbenzene (21% yield)

and 25.4 g 1,2-diallylbenzene.

2-allylbromobenzene, 7.49 g, 38.0 mmol) was added to a
stirred, cooled (0°C) solution of butyllithium (2.4 M
hexane solution, 15.83 mL, 38 mmol) in ether (20 mL)

over a 30 min period, and stirred for a further 3 h at
0°C. It was then t:gni%erred by syringe onto a large
excess (ca. 3 Kg) of solid CO, and left standing over-
night. Addition of more ether (200 mL) and aqueous



potassium hydroxide (10% w/v, 400 mL) was followed by
separation of the aqueous phase. This was acidified
(agqueous hydrochloric acid) and extracted with ether

(2 x 300 mL), then dried (Na,80,) and evaporated to
afford (13) as a pale yellow solid (5.44 g, 88%) mp
77—82°c (11t.1% 83—84°c), having nmr (CDC1,, 100 MHz)
6§ 3.81 (4, J = 6 Hz, 2H), 4.8—5.2 (m, 2H), 5.7—6.3

(m, 1H), 7.0—7.7 (m, 3H), 7.9—8.1 (m, 1H), 12.2 (bxk.

8, lH).

2-Allylbenzamide (14). 2-pllylbenzoic acid (5.30 g9,

32.7 mmol) in dry ether (40 mL) was treated with
thionyl chloride (25 mL, 0.388 mol) and stirred at room.
temperature for 20 h with protection from moisture
(Caso4 tube). The solution was evapcrgted and the residue
dissolved in dry acetone (30 mL). This acetone solution
was added slowly to a stirred, cooled (0°C) concentrated
ammon ium hydroxide solution (100 mL). After stirring
for 1 h at room temperature, most of the acetone was
evaporated at the water pump, and the regidual aqueous

solution was extracted with dichloromethane (2 x 200 mL).

The organic phase was washed with agqueocus sodium carbonate
(5% w/v, 2 x 100 mL), water (100 mL) and dried (Na,S0,) .
Evaporation was followed by chromatography over silica

gel (5 x 60 cm) with ethyl acetate. Recrystallization

from ethyl acetate—heptane gave (14) (3.18 g, 60%) as

83‘
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106 1 32-30¢).

off-white needles, mp 119.5—123°C (lit."~

—

IR (CCl,) 3370, 3175, 1645 cm ©; NMR (CDCl.,, 100 MHz)
6 3.55 (d, J = 6.4 Hz, 2H), 4.7—5.2 (m, 2H), 5.7—6.2
(m, 1H), 6.5 (br. 8, 1H), 7.0—7.5 (m, 4H).

EECarbethcxy-E-allylbenzylamin' (4). 2-Allylbenzamide

(14) (268.3 mg, 1.66 mmol) in ether (25 mL) was added

dropwise to a magnetically stirred suspension of lithium
aluminum hydride (212.6 mg, 5.60 mmol) in ether (5 mL).
The mixture was refluxed for 48 h, cooled and diluted
successively with water (0.2 mlL), aqueous sodium hyd;gxide
(15¢ w/v, 0.2 mL), and water (0.6 mL). The mixture was
stirred with ice bath cooling during the course of this
work-up and, after an additional 15 min, ethyl chloro-
formate (3 mL, 31.4 mmol) was added at a fast drépwise
rate. Vigorous stirring was canginued for 30 min and the

mixture was filtered through a sintered disc. The

insoluble material was washed liberally with ether andr
the combined filtrates were evaporated. Chremggagraphf
of the residue over silica gel (2 x 60 cm) with 1l:4

ethyl acetate—heptane followed by Kugelrohr distillation
(110°C, 0.05 mm) gave 284 mg (77%) of .(4) as a colorless
and homogeneous (T%C, silica, 1:4 ethyl’;cgtgteﬁéheétane)
liquid: NMR (CDCl,, 100 MHz) § 1.20 (t, J = 7 H:,iBH),
3.39 (t of 4, J, = 6 Hz, J, = 1.5 Hz, 2H), 4.11 (q, J =

7 Hz, 2H), 4.32 (br, d, J = 6 Hz, 2H), 4.6—5.4 (m, 3H),



5.65—6.15 (m, 1H), 7.0—7.4 (m, 4H); exact mass 219.1261

fcalcd for 219.1260]. Anal. calcd fér

Cy3H)9N0,,

Cy3H N
H, 7.82; N, 6.37.

(2-Cyclopentenyl)acetamide (10). Anhydrous benzene (250

mL) Qés satu:ate&iwith dry aﬁm@nia, the solution being
stirred magnetically and cooled in a cold-water bath
during this process. Passage of ammonia was continued
and (2-cyclopentenyl) acetic acid Ehlérid2107 (12.0 g,
83-99 mmol) was injeqted slowly from a syringe, the
internal temperature of the reaction mixture being kept
in the range 20—30°C. The ammonia Stream was stopped
30 min after the end of the add;tlan and the mixture
was stivf¥% for an additional 30 min. The mixture was
shaken with water (300 mL) and the agueous layer was
extracted with ether (500 mL). The combined benzene
and ether extracts were washed twice with saturated
agueous NaHCD3 and then with brine. The organic phase
was dried (Hazsai) and evaporated to afford 5.58 g (53%)
of (2-cyclo opentenyl)acetanide (10): mp 128—133°C

it. 198 mp 133001, NMr (CDCl,, 100 MHz) § 1.1—2.6 (m,
6H), 2.8—3.3 (br. t, J = ca. 7 Hz, 1H), 5.70 (m, ZH)p‘
ca. 5.0—7.0 [m (incorporating br. NH-signal); 2H). The
amide was used directly for the pfeparatiQD-QE (5) and

(6). ,

62 C, 71.21; H, 7.81; N, 6.39. Found: C, 71.02;

85.



N- Carbethoxy—z-(z EyELQPEﬂtenyl)ethylamlne (5). (2-Cyclo-

pentenyl)acetgmide (lD)(l 030 g, 8.23 mmcl) in dry THF
(45 mL) was injected slowly into a viggreusly stirred
suspension of lithium aluminum hydride (2.00 g3 52.7 mmol)
in THF (10 mL). The mixture was refluxed for 90 min and
it was then cooled in ice. Successive portions of water
(2 mL), aqueous sodium hydroxide (15% w/v, 2 mL), and
water (6 mL) were added with stirring and, after a further
15 min, ethyl ch}aréfafmate (8 mL, 83.7 mmol) was injected
ér@pwiée. The Jéaliﬂg bath was removed and stiéring
was continued for lSimin; Th; resulting slurry Qas
filfered through a sintered disc. Thg1!?561UblE material
was washed 1iber§1ly with ether and the combined
filtrates weré evaporated. thgmatcgraphy of the residue
Dverisilica gel (5 x 65 cm) with 1:4 ethyl acetate—
heptane and Eugei;ghr distillation (118°C, 0.18 mm) gave
1.313 g (87%) of (5) as a colorless, homogeneous (TLC,
silica, 1:4 ethyl acetate—heptane) liquid: IR (film)

1

1698 cm ~; NMR (CDCl., 100 MHz) &§ 1.0—2.5 [m,

3’ : .
(incorporating t, J = 7 Hz at § 1.22), 6H], 2.66 (br. t,

J =

I

7.5 Hz, 1H), 3—3.4 (m, 2H), 4.10 (q, J = 7 Hz,
2H), 4.80 (br. s, 1H), 5.6—5.85 (m, 2H); exact mass
183.1258 [calcd for CIDH17ND 183.1267). Anal. Calcd

65.50; H, 9.28; N, 7.90.

B6.
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1, l—ﬂz—N Carbethcxy 2-(2-cy pentenyl)ethylamlne (6).
This :ampauﬁd was prepa;eé (Eai) by the same methad uled

for (5) except that lithium aluminum deuter;de was
employed in the reduction step. Camp@uﬂd (6) had: ﬁHR
(CEClB. 100 MHz) § 1.0—1.8 [m, (incorporating t, J =
7.2 Hz, at 1.28 6), €H], 1.8—2.5 (m, 3H), 2.7 (br. E;

J = ca. 6 Hz, 1H), 4.1 (q, J = 7.2 Hz, 2H), 4.86 (br. s,
1H), 5.5—5.9 (m, 2H); exact mass 185.1390 [calcd for

ClOH DENGZ

185.1385].

Z-Undecylheﬁﬁ -enoic acld ( 12). 22 Eutylllth;um (2.4'M

heptgne iGlutan, 20 9 mL, 50.16 mmol) was- added drgpwise,

under nitrogen, to a magnetica%ly stirred solutien §f
dry diisopropylamine (4.90 g, 48.4 mmol) in THF (30 mL).
The internal temperatére of the reaction mixture was
kept below -10°C by using an acetone—dry ice cooling
bath. Tridecanoic acid (4.715 g, 22.00 mmol) in THF (30
mL) was injected 10 min after the énd of the addition at
such a rate that the cooling bath was gbleﬁ?c maintain
the temperature below 0°. Hexamethylphosphoric triamide
(4.5 mL, from a freshly opened bottle) was added in one
lot, the cooling bath ng removed, and the mixture was
stirred for 30 min. SQB amepentenelog (3.615 g, 24.26
mmol) in THF (20 mL) was then injected very rapidly,
causing the temperature of the mixture to rise from -5¢

to +5°. Stirring at room temperature was continued



overnight. At that ;tgge the mixture was diluted with
hydrochloric acid (108 w/v, 100 mL) and extracted with
petroleum ether (400 mL; bp SGE-ED‘E)] The organic
gplutiaﬁ was washed with hydrachi@:iégacié (l10% w/v,
3 x 100 mL) followed by brine and .it was then dried
(Na,SO,). Evaporation afforded 6.033 g (978) of the
product in a+form sufficiéntly pure for the next stage.
The material h§d: NMR (CDCLB, 100 MHz) § 0.65—2.7 (m,

30H), 4.8—5.2 (m, 2H), 5.55—6.0 (m, 1H), ca. 10 (br.

* .
s, l1H). A sample af the bulk product was analyzed.
Anal. Calcd for C18H34DZ c, 76:53; H, 12.13. Found:
C, 76.39; H, 12.29.
N- Carbethaxy 6- am;na 1- heptadezene (7) Thionyl ’

chl@rlde (40 mL) was added to a galuticn of 2-undecylhept-
6-enoic acid (6.03 g, 21.35 mmol) in dry toluene (40 mL)
and the mixture was stirred, with protection from
maiéture, for 3.5 h. At this stage formation of the acid
chloride was complete (IR control) and the solvent and”
excess of reagent were evaporated in vacuo at room
temperature. The residual acid chloride was dissolved

in dry acetone (30 mL) and added to an ice-cold gsolution

of sodium azide (7.0 g, 107.7 mmol) in water (50 mL) .

=3

he resulting suspension was stirred at room temperature
‘for 1 h, diluted with water (100 mL) and extracted with

toluene (200 mL). The organic layer was washed with



brine, dried (NaZSD‘), and evaporated at room temperature.
.11 L , Film ¢ -

caution.11? The crude azide (viiim 2135 cm™ 1) was

dissolved in dry toluene (100 mL)Eana the iixtufe was

protected from moisture by a calcium sulfate tube and

heated in a thermostatically controlled oil bggh at 95°¢ !

' L] N
for 3 h. At this stage all the azide had been converted
into the corresponding isocyanate (véiim 2270 em™ 1),

Absolute ethanol (20 mL) was added, and heating at 95°c
was contlnued for 40 h. During this period the isocyanate

was converted into the ethyl carbamate (7) (IR control).

The mixture was evaporated and the- residual s0lid was
subjeqted to flash chromatography over silica gel

(5 x 16 cm) with l:l%fethyl acetate—heptane to affa:a
2.718 g of (7) as a white, homogeneous (TLC, gilieé, “
V 1:8 ethyl‘aceta‘@—iheptane) solid: mp 56—57°C. [An

impure fraction (702 mg) was also obtained but was not
processed- further.] Recrystallization from methanol

gave 2.499 g (35%) of (7). 'mp 61.5—63°C; IR (solid)

1684 cm™'; NMR (CDCl,, 100 MHz) 6 0.65—2.35 (m, 32H),

\
3.55 (br. s, 1lH), 3.85—4.55 [m, (incorporating q, J =

7 Hz at § 4.08), 3H), 4.8—5.2 (m, 2H), 5.55—6.0 (m,
1H); exact mass 325.2977 [caled for CZOHBQNDE' 325.2981].
Anal. Calcd for C20H39N02: C, 73.79; H, 12.08; N, 4.30.
Found: C, 73.66; H, 12.18; N, 4.20. *

T TN



N Carbethoxy- 2 (3—methyl -2~ butenyl)anlline (8)

—— —_—

2-(3-Methyl-2-butenyl)aniline’ (310.7 mg, 1.93 mmol)

was suspended in water (S mﬁ). The mixté:e was stirred

magnetically {n an i®e bath and sodium hydroxide (90 mg,

*

2.25 mmol), followed immediately by ethyl :hlaraf@rmate

(0.22 mL, 2.3 mmol), was added. After a further 5 min

S

-the gooling bath was removeﬂ{}nd stirring was g?ntiﬂued

for 1 h. The mixture was extracted with dichiérgmethane
(30 mL) and the.extract was washed with water (5 mL),

dried (Nazso4), and evaporated. The residual o0il was

" chromatographed over silica 4;1 (2 x 50 em) with 1:1

ethyl acetate—heptane and then distilleé-(ﬁugelrahr,
120°C, 0.1 mm) to afford 408.4 mg (90%) of (8) as a
colorless, homogeneous (TLC, s}lica, 1:2 ethyl acetate%i
heptane) ‘liquid: NMR (CDC1l;, 100 MHz) 6 1.28 (t, J =

7 Hz, 3H), ca. 1.78 (br. s, 6H), 3.30 (br. d, J = 7.2

Hz, 2H), 4.20 (q; J =-7 Hz, 2H), 5.20 (t of m, 1H), 6.7

(br. s, 1H), 6.8—7.4 (m, 3H), 7.77 (br¢ d, J = 7.6, 1H);

exact mass 233.1419 ([calcd for C14H19NQ2 233.1416].

Anal. Calcd for C NO -C, 72.07; H, B8.21; N, 6.00.

14H;9NO3:
Found: C, 72.03; H, 8.28; N, 5.86.

Cyclized Urethanes:

(t)-ﬁ—Carbethoxy—2-[(phenylseleno)methyl]pyrfalidine (la).

Tri-n-butylphosphine (413 mg, 2.04 mTol) was injected

dropwise over about 3 min into a magnetically stirred
-,



solution of (t)-N-carbethoxy-2-(hydroxymethyl)pyrrolidine

111 (232 mg, 1.34 mhol) and phenylselenpcyanate (2?2

30

(15)
mg, 1.54 mmol) in THF (2.5 mL). The red solution was
stirred under nitrogen for 2 h and it was then evaporated.
Chromatography of the residue first over silica gel

(1 x 50 cm) with 1:1 ethyl acetate—heptane and then

over éili&a gel (1 x 50 cm) with 1:3 eﬁhyliacetate—s
heptane‘}ollowed-by distillat;pn in a Kugelrohr apparatus
gave 87 mg (20%) of (la) as a pale yellow, homogeneous
(TLC, silica 1:3 ethyl acetate—heptane) oil: bp 130°C
(0.15 mm); IR (cCl,) 1700 cm™l; NMR (CDC1,; 32°C) 6§ 1.2
(t, 3 =7 Hz; 3H), 1.5—2.11 (m, 4H), 2.44—3.06 (m,

1H), 3.06—3.6 (m, 3H), 3;74—-4.3 {m (incorporating q,

J =7 Hz at 4.06 6), 3H], 7.02—7.37 (m, 3H), 7.37—7.70
(m, 2H). Anal. Calcd for C14H19N028e: C, 53.85; H,

6.13; N, 4.49; O, 10.25. Found: C, 53.61; H, 6.20;

N, 4.58; O, 10.33.

General Procedure for Cyclofunctionalizations:

(Reaction times are specified in Table 2).

N-Carbethoxy-2[ (phenylseleno)methyl]lpyrrolidine (la).

N-Carbethoxy-4-pentylamine (1) (378.5 mg, 2.41 mmol) sné
silica gel (735 mg) were weighed into a dry round-bottomed
flask. A magnetic stirring bar was added and the flask

was closed by a rubber septum carrying inlet and exit



A :? P

needles for nitrogen. Dry dichloromethane i&b mL) was

i

. injected and the resulting suspension was stirred and
cooled by an acetone—dry ice bath at ?733C, Benzene~
selenenyl.chloride (514.4 mg, 2.69 mmol) in dichloro-

methane (8 mL) was added dfépwise, the addition taking

i

ca. 20 min. The red color of each drop was discharged

iﬁst;ntanéausly.; More solvent (2 mL) was used to rinse
‘all the reagent into the reaction vessel. The exit
needle for nitrogen was removed and vigorous stirring

was continued first for 10 min HiZh the cooling bath in
place and then for 75 min without the bath. During the
latter periad‘thé reaction fl;sk was wrapped with
aluminum foil. The yellow suspension was filtered
through a sintered disc and in?éluble material was washed
with ethyl acetate. The combined fi;t{ates were evaporated
and the residue was chromatographed qvér silica gel

(2 x 57 cm) with 1:4 ethyl gcetgﬁe!!heptane, When the
diphenyl diselenide had been eluted the solvent was

changeé to 1:1 ethyl acetate—heptane. Appropriate frac-
tions wergfcambined, evaporated and distilied in a
Kugelrohr apparatus (130°C, 0.01 mm) to affc%d 706.2 mg*
(93%) of (la) as a yellow, homogeneous” (TLC, silica, 1:3
ethyl acetate—heptane) oil spectroacopically identical
with material made from racemic proline. The present

sample had: IR (film) 1700 cm L; NMR (CDCl,, 100 MHz,

921

A



* 93;

0°C) & 1.04—1.4 (two overlapping t, J = 7.1 Hz, 3H),
1.57—2.12 (m, 4H), 2.49—3.0 (m, 1H), 3.09—3.72 (m,
3H), 3.72—4.36 [m (incorporating q, J = 7 Hz at 4.Q6 &),

3H], 7.04—7.39 (m, 3H), 7.39—~—7.75 (m, 2H); exact mass

313.0581 [calcd for C. 4519nc23°se, 313.0581] .

Car bethﬂxy—z,Bﬁdlhydrg—Z {(phenylselena)methyl]1ndale(2;),

The general methad was fcllawed uging N-carbethoxy-2-
allylaniline (2) (76.7 mg, 0.374 mmol) and silica gel
(85.0 mg) in dfchloromethane (1 mL) together with
benzeneselenen¥l chloride (74.8 mg, 0.391 mmol) in
dichloromethane (1 mL plus 0.5 mL as a rinse). After a

the standard way and isolation by PLC (one silica plate
developed with 1:5 ethyl acetatEH-héétane) followed by
distillatiolr in a Kugelrohr gpjpafd'tus (203°c, 0.13 rnn‘
gave 114.9 mg (85%) of (zi) as a homogeneous (TLC, silica,
1:4 ethyl acetate—heptane) oil: IR (film) 1703 cm
NMR (CDClB, 100 MHz, 32°C) 6 1.3 (t, J = 7.1 Hz, 3H),.
2.64—3.52 (m, 4H), 4.29 (g, J = 7.1 Hz, 2H), 4.37—4.72
(m, 1H), .6.73—7.90 (m, 9H); exact mass 861.0607 [calcd
for clsﬁlguczgcsE; 361.0581). Anal. Calcd for C,gH, gNO,Se:
C, 60.00; H, 5.31; N, 3.89; O, 8.88. Found: C, 60.22;
H, 5.37; N, 3.83; 0, 8.91. ‘

In an alternative procedure, alumina (Merck type E,

-dried at 130°C overnight) was employed instead

o
by |
I
L% ]
[, ]
"
Q
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of silica gel as follows: The general method was followed
using (2) (113.7 g, 0.554 mmol) and glumina!(4@3 mg) in
dichloromethane (2 mL) together with benzeneselenenyl
chloride (115.5 mg, 0.603 mmol) in dichloromethane (3 mL
gius'l mL rinse). After a reictian peri@d“afil7 h at

room temperature, work-up as u?ual and isolation by PLC
(as above) followed by Kugelrchr*éiétillaticn {(190°c,

0.07 mm) gave 176.0 mg (88%) of (2a), identical (TLC,

IR, NMR) with the sample obtained in the run emplayinqg

silica gel.

(13.43@.Qaa)ﬁsécarbethaxygli(phenylsglena)-1,2;3.4;43E95-

heﬁahydracarb&zale (33) The general method was followed

using N- arbethaxy 2—(2—cy:l@hexenyl)an111ne (3) (265.0

mg, 1.08 mmol) and silica gel (1.020 g) in dlchlaramethane

(5 mL) tagether with benzeneselenenyl chloride (234.2 mq,

1.22 mmol) in dichloromethane (2 mL Plus 1 mL as a rinse).
After a reaction period of 24 h at room temperature work-
up in the standard way and chromatography over silica

gel (3 x 60 cm) with 1:9 ethyl aceta te—-heptane followed
by crystallization from methanol gave 355i1 mg (82%) of

(3a) as a white, hém@qenecu; (TLC, milica, 1:4 ethyl
F
acetate—heptane) solid: mp 99—100°C; IR (solid) 1704

-1

cm ~; NMR (CDC1 100 MHz, 32°C) & l,DaﬁziB [m,

3!
(incorporating t, J = 7 Hz at 1.23 §) 9H), 3.11 (t of d, )

\t“

br, 1= 1o, J2 = 4 Hz, 1H), 3.5%4 (br t, J = 6Hz, 1lH),

'



4.2 (q, J = 7 Hz, 2H), 4.54 (4 of d, leé 7.5 Hz, J2 =
9 Hz, 1H), 6.8—7.8 (m, 9H); exact mass 401.0902 (calcd
®0se, 401.0894). Anal. caled for
§21§2383253= C, 63.00; H, 5.79; N, 3.50; qQ, 7.99. b

Fggmg; C, 62.95; H, 5.56; N, 3.35; o0, 8.15.

!Cgrbathﬂxy -3- [(phen lae Ba)methyl] -1,2,3, 4—tetrahyd =

isoquinoline (43) The general method was fallcwed

u31ng N carbethaxy-z -allylbenzylamine (4) (212.4 mg,

" 0.97 mmol) and silica gel (389 mg) in diihlcramethane (3
mL) together with benzen gelenéﬁyl chloride (201.3 mg,
1.05 mmol) in dichloromethane (2 mL and 1 mL as a rinse).
After a reaction period of 16 h at room temperature
work-up in the starndard way and chramat@graphy over 8ilica

gel (3 x 50 cm) with 1: 5 ethyl acetate—heptaneg followed

by Kugelrohr distillation (200°c, 0.1 mm) gaym 315.6 mg
(87%) of (iE)Aas a pale yellow, homogeneous fTLC, 1:5
ethyl acetaéeéghegtane) oil: IR (film) 1701 Qmilz NMR
(CDClB, 100 MHz, 31°C) § 1.23 (br. t, J = 6.5 Hz, 3H),
2.55—3.24 (m, 3H), 3.95—4.9 (m, SH), 6.8—7.65 (m,

9H) ; exact mass 375.0739 (calcd for C, _H BoSe,

1972180,
375.0739). Anal. calcd for CyqH, NO,Se: C, 60.96; H,

5.65; N, 3.74. Found: C, 60.93; H, 5.64; N, 3.59.



(3aa,6a,6aa)-1-Carbethoxy-6- (phenylseleno)octahydrocyclo-

penta [b]pyrrole (5a). The general method was followed

using N-carbethoxy-2-(2-cvclopentenyl)ethylamine (5)

ilica gel (290 mg) in dichloro-

ot

(320 mg, 1.75 mmol) and s
methane (3 mL) taggthe:’vith benzenegeLEﬁenyl_Ehlaride
(367 mg, 1.92 mmol) in dichloromethane (4 mL plus 1 mL.

as a rinse). After an overnight reaction period at room
temperature work-up in the Btgnéaga way and chromatography
over silica gel (2 x 60 cm) with 1:4 ethyl acetate—
heptane followed by Kugelrohr distillation (180°C, 0.1

mm) afforded 556.1 mg (94%) of (5a) as a yellow,

homogeneous (TLC, silica, 1:4 ethyl acetate—heptane)

oil: IR (film) 1699 em l; NMR (DMSO- dg, 200 MHz, 70°C)

6§ 1.12 (¢, J = 7 Hz, 3H), 1.26—2.2 (m, 6H), 2.74—2.98
{ .
(m, 1H), 3.07—3.29 (m, lH), 3.54 (2 partially over-

lapping q, 31 = 11.2 Hz, 32 = 8.3 Hz, J3 = 3.2 Hz),

3.89 (br. =, “1/2 = 11 Hz), 3.99 (q of 4, Jl = 8 Hz,
J, ca. 1 Hz), 4.12 (br. 4, J = 7 Hz), [signals at 3.8—

4.2 represent 4H), 7.22—7.4 (m, 3H), 7.5—7.66 (m, 2H);

exact mass 339.0734 (caled for C,¢H, NO, 80g5e, 339.0738).

Anal. Calcd for C16H21HQZSEI C, 56.80; H, 6.26; N, 4.14;

O, 9.46. Found: C, 56.62; H, 6.17; N, 3.94; O, 9.21.

2,2-d, —(3;& Sa.ﬁaa)—’-Carbethaxy -6- (phenylaelena)actahydrc—

cyec lapenta[b]pyrrcle (§_) 1,l-giig—éarbgthéxyiz(Zﬁcy:las

pﬁntang})ethyl:nlng (6) was converted (83% yield), by the



:gthéd used for the non-deuterat ted material, although on

§°1.15 (¢, J = 7 Hz, 3H), 1.36—1.5 (m, 1H), l559 (q,

Jl = 13 Hz, J2 = 2 Hz, 1H), 1.64—1.77 (m, 1H), 1.88 1d
of 4, J, = 12 Hz, 52 = 8 He, 1H),.1.,93—2.1 (m, 2H),

[ %]

.8—2.96 (m, 1H), 3.88 (br. s, w = 12.4 Hz, 1H),

1/2

3.92—4.07 (m, 1H), 4.12 (br.d, J = 6.5 H:. 1H), 7.2—

7.36 (m, 3H), 7.52—7.66 (m, 2H); exact mass 34l39864
80

(calcd for CIEHIQDZND Se, 341.0863). o
= ‘ ;
§Carbethcxy-ci yclgpentgng[b]pyfralidine (18) . .

(a) Eiaxaigig-:yclapentan@[b]p&:ralidinellz (121.1 mg,

0.97 mmol) in dry ether (7 mL) was added over about 5 ,

min to a magnetically stirred suspension of lithium
“aluminum hydride (190 mg, 5 mmol) in ether (4 mL). The
mixture was refluxed under nitrogen for 3 h, cooled in
an ice bath and diluted, with stirring, by successive
portions of waéer (0.2 mL), 15% w/v agueocus sodium
hydroxide (0.2 mL), and water (0.6 mL). The ice bath
was removed for 15 min' and then replaced. Ethyl chiéréi
formate (1.13 g, 10.4 mmol) was added dropwise, the ice
bath was removed and stirring was continued for 30 min.
The mixture was filtered and evaporated. Flash chromato-:
graphy of the residue over silica gel (2 x 17 cm) with

1:4 ethyl acetate—heptane followed by distillation in a

97.
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Kugelrohr apparatus (95°C, 0.25 mm) gave 109.9 mg (62%)
of the product as a colorless, homogeneous (TLC, silica,
1:4 ethyl acetate-—heptane) oil identical with a Smlly
characterized sample made by reduction of (5a) with tri-

phenyltin hydride as follows: ’ / \

(b) (3aa,6a,6aa)-1-Carbethoxy~6-(phenylseleno)octahydro-

cyclopenta [b]pyrrole, (18) (418.5 mg, 1.237 mmol) was —_

£

iégsalvea in toluene (6 mL). The mixture was stirred
magnetlcally and refluxed by u51ng an oil bath malﬂta;neiiigﬁhaé
at 120°C. Triphenyltin hydride (1_1738 g, 3.358 mmol)

was added by syringe. The syringe was rinsed with

toluene (1 mL) and the rinse was added to the reaction *
mixéﬁré. Reflux was maintained for a further 4 h.

Evaporation of the solvent and flash chromatography of

the residue over silica gel (5 x 15 cm) with 15:85 ethyl
acetate—heptane gave, after Kugelrohr distillation (95“2;5

0.25 mm), (18) as a colorless oil (222.1 mg, 98.0%).

The product had IR (CCl,) 1707 cm™t; NMR (CDC1,, 200 MHz)

§ 1.2% (¢, J = 7 Hz, 3H), 1.31—2.1 (m, 8H), 2.65 (m,

1H made of 9 lines, upon irradiation at § 4.13 it

collapsed to 7 lines, with loss of a coupling of 7.5 Hz),
3.20—3.40 (m, 1H), 3.40—3.67 (br._s, 1lH), 4.0—4.27

(m, 3H, incorporating q centered at &§ 4.13, J = 7 Hz);

exact mass 183.1259 (calcd for clo l7ND 183.1258).

Anal. caled for C 6H 7NO C, 65.54; H, 9.35; N, 7.64.

Found: C, 65.27; H, 9.32; N, 7.37.



.

cis-N- Earbethaxy—? (phen l1ge le cmethyl)- =undecy1piperidine

(7a) . The gerieral method was followed using N-carbethoxy-

6-amino-l-heptadecene (7) (360.7 mg, 1.106 mmol) and

aMica gel (950 ég) in dichloromethane (12 mL)!thether
with ben;eg;selenényl chloride (236.1 mg, 1.232 mmol) in
dichloromethane (2.5 mL plus 0.5 mL as a rinse). After
a reaction period of 40 h at room temperature»t@e mixture
was filtered and the inééluble material was washed with
;éthyl acetate. The combined filtrates were evaporated
and the residual yellow o0il was subjected to flash
chromatography over silic¢a gel (3 x 18 cm). Heptane was
used to elute diphenyl diselenide and elution was then
continued with 1:4 ethyl acetate—heptane to afford 449.9
mg (84%) of (7a) as a homogeneous (TLC, silica or alumina,
1:9 ethyl acetate—heptane) oil: IR (£ilm) 1693 cm™!; .
NMR (DMSD—QE, 70°C, 200 MHz) 6 0.85 (t, J = 6.50, 3H),
1.0—2.0 [m (;n:arparat1:§ t, I = 7 g> at 1 09 §,24H), 2.96—
3.24 (m, 2H), .?..BE—EJLI;%,[mi (incorporating d of q,
Jy = 7.0 Hz, J, = 2.8 Hz,) at 3.99 6), 3R], 4.13—4.34 (m,
l1H), 7.2—7.4 (m, 3H), 7.44—7.6 (m, 2H); exact mass
481.2449 (calcd for 226H43N028052, 481.2459). Anal. Calcd
for C,6H 43NDESEQ C, 64.98; H, 9.02; N, 2.91; O, 6.66.
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Ccis-N-Carbethoxy-2-methyl-6-undecylpiperidine (29).

gig-g-Carbethéxj;Eé(éhenyiéelenamethfl)iS—und;c§1§iperidine
(7a) (631 mg, 1.313 mmol) was dissolved in toluene (12

mL). The mixture was stirred magnetically and refluxed

by using an oil bath maintained at 120°C. Portions of
triphenyltin hydride were injected from a syringe as
follows, all the material being rinsed from the syringe
after each injection b; a small amount (ca. 1 mL) of
toluene: 409 mg (1.165 mmol) as soon as reflux started;
313 mg (0.892 mmol) after 0.5 h; 630 mg (1.795 mmol) after
2.5 h; and 400 mg (1.139 mmol) after 5 h. Refluxing was
cSntinued for a further 19 h by which stiig no startiqg
material was detectable (TLC). Evaporation of the solvent \¢%
and flash chromatography of the residue over silica gel

(5 x 15 cm) with 1:99 ethyl acetatéi!heptane gave 414

mg (96%) of (29) as a faintly yellow oil. Examination

by TLC revealed traces of uv-active impurities judged by

signals are due to triphenyltin groups). FT-IR (film)

1695 cm™1; NMR (CDC1,, 100 MHz) § 0.72—2.0 {m, 35H),
3.94—4.57 (br. signal overlapping q, J = 7 Hz at 4.13

5, 4H); *3c NMR (CDC1,) § 14.1, 14.7, 20.5, 22.7, 27.5, 27.6,
29.4, 29.7, 30.3, 31.9, 35.1, 45.9, 50.5, 60.8, 156.2;

exact mass, 310.2751 [calcd for CLSHBEHQE (H—CHB),

310.2745]. Anal. calcd for 220H39N62= C, 73.80; H, 12.08;
N, 4.30. Found: C, 74.03; H, 12.12; N, 4.30.

=



J
ig-2 Hethyl E-undecylpiperld;ne (19). cis-N-Carbethoxy-

aQ

[

-methyl- S-undecylplperldlne (29) (140.4 mg, 0.43]1 mmol)
was stirred with 95% ethanol (7 mL) and concentrated
hydrochloric acid (8 mL). The mixture was refluxed for
88 h, cooled and evaporated. The residue was diluted
with water, made strongly basic with sodium hydroxide,
and extracted with ether. The extract was dried (Nazsa4)
and evaporated. Flash chromatography of the residue’
over silica gel (2 x 17 em) with 1:5 ethyl acetate—
heptane gave 100.4 mg (71.5%) of starting material.
Elution was continued with ethanol containing 2% w/v
concentrated ammonia solution to .afford 29.1 mg [26.6%
(93.4% afer correction for recovered starting material))]
of (19) as a pale yellow, homogeneous (TLC, alumina, 1:7

ethyl acetate—heptane) o0il: NMR (CDCl 200 MHz) §

3’
0.81 (t, J = 6.4 Hz, 3H), 0.94—1.86 (m, 29H), 2.45—2.87
(m, 2H), ca. 4.4 (br. signal, 1m); 'Jc-nMr (cocl,)

§ 14.1, 22.7, 24.8, 26.0, 29.3, 29.6, 31.7, 31.9, 34.0,

36.9, 52.7, 57.3; exact mass, 253. .2755 (caled for C17H35N,

N (M-CH;), 238.2535],

253.2770), 238.2531 [calcd for Clé 32

98.0966 [base peak, calcd for CSHIEN (M- Cl H23

The amine was converted into its hydrochloride (by pass-

), 98.0969]).

ing hydrogen chloride into an ethereal solution) which

was recrystallized twice from 1:10 ethanol—hexane: ‘mp

153—155°C [1it.>% 154-155°C]. :



!—Carbethoxy-2,3-dihydro[(1-ﬁkthyl-l-phenylseleno)ethyl]-

indole (8a) and E-Carbethoxy-2,2-dimethyl-3—(phenylseleno)-

l,2,3,4-tetrahydroquinoline (8b). Apart from the presence

of propylene oxide as an acid trap, the general method
was followed: Benzeneselenenyl chloride (191.1 mg, 0.99
mmol) in dichloromethane (2.5 my pPlus 0.5 mL as a rinse)
was added at -78°C to a stirred mixture of N-carbethoxy-
2-(3-methy1-2-butenyl)aniline (8) (214 mg, 0.92 mmol),
propylene oxide (1 mL), and silica gel (572 mg) in
dichloromethane (5 mL). After the usual 10 min reaction
pPeriod, the cooling bath was removed and stirring in the
dark was continued for 70 h. The mixture was filtere?,
the silica gel was washeé liberally with ethyl acetate
and the combined filtrates were evaporated. A chromato-
graphically homogeneous (TLC, silica, 3:1 benzene—
heptane) product weighing 271.1 mg (76%) was isolated by
PLC (2 silica plates, developed once with 3:1 benzene—
heptane). The NMR spectrum showed the material to be a
mixture of (8a) and (8b) in the ratié of ca. 51:49.

NMR (CDC1,, 100 MHz, 30°C): (& values for (8a) are
quoted first): 1.02 (s), 1.2 (t, I = 7.2 Hz), 1.42 (s),
(signals at 1.02—1.42 represent 9H], 3.25—3.47 (br. d,
.J =ca. 5.5 Hz, 2H), 4.15 (q, J = 7.2 Hz, 2H), 4.6 (d of
4, J, = ca. 5 Hz, J

-2
1.25 (t, 3 = 7 Hz, 3H), 1.68 (s, 3H), 1.80 (s, 3H),

= 6.3 Hz, 1H). § values for (8b)

102.
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2.89—3.28 (m, 2H), 4.2 (q, J = 7 Hz, 2H). The NMR

ectrum of the mixture also showed a m at 6.78—7.81
1) . The material was characterized further by reduc-
tion with triphenyltin hydride. The material (50 mg)

was recovered unchanged after a 140 h period of stirring
at room tegperature in dichloromethane (10 mL) wiéh silica
(100 mg).

N-Carbethoxy-2,3-dihydro-2-{(l-methyl)ethyl]indole (24) and

N-Carbethoxy-2,2-dimethyl-1,2,3,4-tetrahydroquinoline (25) .

Tripheﬁ}ltin‘ﬁ?dridé }698 ﬁg; 1_§§7mm@1 was aéﬁed to a
solution of (8a) and (8b) (235.9 mg combined weight,

0.61 mmol) in toluene (5 mL). The mixture was refluxed
for 4.5 h (nitrogen atmosphere), cooled, filtered through
a sﬁall pad of glass wc;zz and evaporated. The resulting
grey slurry was distilled in a Kugelrohr apparatus (l3oe°c,
0.1 mm) to afford a colorless liquid which was chromato-
graphed over éilica gel (2 x 55 cm) with 1:15 ethyl
acetate—heptane to give 116.3 mg (523) of (24) and (25)
as a chromatographically homogeneous (TLC, silica, 1:15
ethyl acetate—heptane) oil. The two components were
separated by preparative vpc [40 ft. x 1/4" o.d. Apiezon
T 10% on Chrcmésc:b W; églumn temperature 180°C; injec-
tion temperature 250°C). Compound (25): IR (film)

1700 em™1; NMR (CDC1,, 100 MHz) & 1.28 (t, J = 7 Hz, 3H),

1.6 (s, 6H), 1.65—1.86 (m, 2H), 2.5—2.7 (m, 2H), 4.22



(g, I3 = 7 Rz, 2H), 6.9—7.35 (m, 4H);: exact mass 233.1415

(calcd for C, H,gNO,, 233.1419). Compbund (24): IR

(£ilm) 1706 cm '; NMR (CDCl,, 100 MHz) & 0.8 (4, J

]
~J

Hz, 3H), 0.9 (4, 3 = 7 Hz, 3H), 1.34 (t, J = 7 Hz, 3H),
2—2.5 (m, 1H), 2.6—3.35 (m, 2H), 3.95—4.55 [m
(incorporating q, J = 7 Hz, at 4.3 &), 3H], 6.65—7.4
(m, 3H), 7.5—7.85 (m, 1H); m/e (rel. intensity) 233
(13.9), 190 (47), 162 (3), 118 (100), 91 (15). The
composition of the mixture before vpc separation was ca.

45% (24) and 55% (25) as judged by NMR.

NMR studies:

}i) (1) :N-Carbethoxy-4-pentenylamine (1) (30.9 mg,
0.196 mmol) in dry CDC:l3 (0.5 mL) in a 5 mm NMR tube that
was cooled to -75°C, was treated dropwise, with shaking,
with benzeneselenenyl chloride (38.0 mg, 0.198 mmol) in
dry CDCLB (0.5 mL plus 0.2 mL rinse), and the resulting
reaction was monitored by NMR (100 MHz) within the
tempergt%re interval -50°C to room temperature for 2 h
and at room temperature for 2 h‘ The observations are

summarized in the discussion. 3

(ii) (8) :N-Carbethoxy-2-(3-methyl-2-butenyl)aniline

(8) (24.4 mg, 0.105 mmol) in dry CDCl, (0.3 mL) in a

3
5 mm NMR tube at -75°C was treated with benzeneselenenyl

chloride (21.0 mg, 0.11 mmol) in C:DCl3 (0.5 mL plus 0.3



0.3 mL rinse) with shaking. The reaction was monitored
by NMR (100 MHz) within the temperature interval -50°C
to- room temperature over ca. 8 h and at room temperature
over ca. 24 h. After ca. 1 h at -50°C, the NMR data
were consistent with a single species, identified as
g-cqrbethoxy-Z-(3—chlar@=3—méthylsé—phenyIEELEﬂa)aniline

7 Hz,

(26) having: NMR (CDCIB, 100 MHz): § 1.25 (¢, g
3H), 1.76 (s, 3H), 1.81 (s, 3H), 2.8] (d of d, J, =15

Hz, J2 = 12 Hz, 1H), 3.19 (d, J = 1 Hz, 1lH), 3.65 (4,

J = 15 Hz, 1H), 4.18 (q, J = 7 Hz, 2H), 6.7—7.9 (m,

9H) . The NMR spéét:um was essentially unchanged up to
room temperature for 2—3 h, then (8a) became apparent.
After 15 h at room temperature (26) and (8a) were present
in a ratio of approximately 7:3 [by integration of singlets
at 6 1.76 and 1.81 for (26) and at § 1.02 and 1.42 for
(8a)]. On further standing at raamqéempératufe the
mixture became slightly cloudy, the NMR spectrum (broad
lines) did not appear different. After a total of 106

h at room i‘mperature the mixture was filtered [cotton
wool; dichloromethane rinse] and evaporated to afford an
oil having a complex NMR spectrum which indicated (26)

and (8a) in equal proportions to 9? present as well as

a little (8b) and other, unidentified;‘impu:itiesi
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N-Carbethoxy-2-(3-methyl-2-butenyl)aniline (8) (124.3 mgq,
0.533 mmol) in dry dichloromethane (5 mL), benzene-
selenenyl chloride (123.1 mg, 0.642 mmol) in dichloro-

methane (1 mL plus 1

=

over 5 min). The yellow solution was stirred for a
further 30 min at -50°C, then allowed to reach room

temperature (over ca. 30 min) and stirred for a further
L]

30 min. Evaporation gave a crude oil which was shown

[TLC (silica, 1:4 ethyl acetate—heptane)] to consist of

diphenyl diselenide, some starting material, only traces

product with Rf = 0.25. Flash chromatography over silica
gel (2 x 18 cm) using 1:8 ethyl acetate—heptane gave

a pure (TLC, silica, 1:4 ethyl acetate—heptane) sample
of N-carbethoxy=-2-(3-hydroxy-3-methyl-2-phenylseleno) -

aniline (27) (110.4 mg, 53.3%) havirf NMR (cpcl,, 200

MHz) 6 1.28 (t, J = 7.0 Hz, 3H), 1.38 (s, 3H), 1.42 (s,

3H), 1.75 (br. 8, 1H), 2.89 (4 of 4, 51 = 14.4 HZz, J, *

10.8 Hz, 1H), 3.07 (d of 4, Jl = 10.8 Hz, = 2.0 Hz,

1H), 3.36 (4 of 4, Jl = 14.4 Hz, JE = 2.0 Hz, 1lH), 4.16

(d, 3 = 7.0 Hz, 2H), 7.0—7.3 (m, 8H), 7.40 (br. s, 1H),

L]
[ %]

7.75 (br. d, J = ca. 8 Hz, 1H); NMR (DMSO-d, 100 MHz) &

rinse) was added (main portion <

it
[
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J, = ca. 11 Hz, 1lH), 3.15 (br. d, J = ca. 11 Hz, 1H),

3.45 (br. a4, J = ca. 14.5 Hz, 1lH), 4.09 (g, J = 7 Hz,

2H), 4.90 (s, 1H), 6.80—7.55 (m, 9H), 8.70 (br. s, 1H);

NO EDS

sNO,” 'Se, 407.0999).

'exact mass 407.1@05 {caled for CEDH'

(ii) To a stirred, cooled (-50°C) solutian of
g—carbethoxy-zé(S-methylsiébutenyl)aniline (8) (100 mg,
0.429 mmol) in dichloromethane (5 mL), benzeneselenenyl
chloride (103.5 mg, 0.540 mmol) in dichloromethane (1 mL

o plus 2 # l mL rinse) was added dropwise (main portion
over 5 min). After a further 45 min at -50°C, the mixture
was allowed to reach room temperature (ca. 30 min),
evaporated and chromatographed over silica gel (3.5 x 70
cm) using dichloromethane. A TLC-pure (silica, dichloro-
methane) mixture of (8a) and (8b) (3:1 by NMR, 108.3 mg,
65%) was obtained. Kugelrohr distillation on a 60.0 mg
sample (210°C, 0.1 mm) gave 55.4 mg (92.3% recovery,

60% overall cyclization yield) of (8a) a;d (8b), still
in a 3:1 ratio (NMR, 100 MHz). A portion of this sample
(35 mg) in dichlcf?methgne (5 mL) was stirred for 75 h
in the presence of dry silica gel (305 mg). Filtration
‘and evaporation gave a mixture of (Ba) and (8b), (36 mg,

100%) pure by TLC (above conditions), still in the ratio

of 3:1 (NMR, 100 MHz).

(iii) To a stirred, cooled (=50°C) mixture of

g-carbethoxy—Z-(B—methyl—ngutenyl)aniline (8) (98 mg,
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0.420 mmol), dry silica (163.9 mg) and dichloromethane

(2 mL), benzeneselenenyl chloride (92.0 mg, 0.480 mmol)

in dichloromethane (2 mL Plus 1 mL rinse) was added (main
portion over 5 min). The cold bath was removed and the
suspension stirred overnight. Evaporation and PLC (one
silica plate, 1:4 ethyl acetate—heptane) gave a crude
sample of (8a) (96.4 mg, 59.1%, containing little, if any,
(8b)) which was not pProcessed further, amj, as a major
side-prdduct, g-ca;bethaxygi—(3—ch1@rci2!ﬁ=thylbgty1)—
aniline (15.6 mg, 14%): NMR (CDClB, 100 MHz) 6 1.25 (t,

J = 7 Hz, 3H), 1.58 (8, 6H), 1.7—2.0 (m, 2H), 2.6—2.85
(m, 2H), 4.15 (q, J = 7 Hz, 2H), 6.55 (br. s, 1H), 7.0—

-
=

7.3 (m, 3H), 7.75 (br. d, J = 8 Hz, 1lH); m/e (rel.

s

intensity) 269 (42.4), 233 (32.8), 160 (100), 146 (43.3),

132 (90.2).

(iv) To a cooled (-75°C), stirred suspension of
g—carbethoxy-2-(3-methyl-2ibutenyl)aniliﬁe (119.7 mg,
0.514 mmol) and dry alumina (378.1 mg) in dichloromethane
(3 mL), benzeneselenenyl chloride (105.3 mg, 0.550 mmo1)
in dichloromethane (2 mL Plus 1 mL rinse) was added
(main portion over 5 min). The cold bath was then removed
and the mixture allowed to attain room temperature, and
stirred overnight (ca. 22 h). Filtration through a
sintered disc and evaporation, followed by PLC (one silica
plate with 3:1 benzene—heptane) (gave unreacted (8)

(110.7 mg, 92.5% recovery) as a pale yellow oil, identical
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(NMR) with an authentic sample.

(v) To a stirred, cooled (-50°C) solution of N-carb-
ethoxy-2-13-methyl-2-butenyl)aniline (8) (111 mg, 0.476
mmol) in dichloromethane (3 mL), benzeneselenenyl chloride
(111 mg, 0.58 mmol) in dichloromethane (2 mL plus 1 mL
rinse) was added (main portion over ca. 5 min). The cold
bath was then removed and, after an overnight period at room
temperature, evaporation and flash chromatography over
silica gel (3 x 18 cm) using 1:60 ethyl acetate—heptane

gave a crude mixture of (8a) and (8b) (98 mg, 53%, ca. 7:3

by NMR).

(C): Reactions of Vinylsilanes with Selenium Electrophiles.
. . 113 ,

2-Phenylseleno-2-trimethylsilyl ethanol 138). Silver

trifluoroacetate (846 mg, 3.830 mmol) in dry THF (5 mL)
was treated dropwise under nitrogen with benzeneselenenyl
chloride (608 mg, 3.174 mmol) in THF (3 mL plus 1 mL
rinse) over 10 min. After a further period of 5 min at
room temperature with magnetic stirring, the thick
suspension was cooled to -75°C and treated with trimethyl-
vinylsilane (37) (308 mg, 3.073 mmol) in THF (2 mL).
After 10 min the cold bath was removed and the mixture
was stirred 2 h-at room temperature with protection from
light. The silver chloride was then filtered off through
a Celite pad (5 x 2 cm) and the pad washed with more THF

(2 x 20 mL). The filtrate was evaporated and redissolved



in methanol (20 mL).

Sodium hydrogen carbonate (1.65 g, 19.64 mmol) and
water (5 mL) were added and the mixture was stirred over-
night at room temperature. Most of the methanol was then
cautiously evaporated at the rotary evaporator, and
ether (50 mL) and water (50 mL) were added to the residue.
The organic phase was separated, washed with b;ine (50
mL) and dried (Hazsei)g Evaporation followed by flash
chromatography over silica gel (3 x 17 c¢m) with heptane
containing increasing amounts (8B%—25% v/v) of ethyl
acetate, gave (38) (686.1 mg, 81.7%) as a colorless oil,
gfre by TLC (silica, 1:5 heptane—ethyl acetate): IR
(£ilm) 3350 cm™!; NMR (CDCl,, 200 MHz) 6 0.16 (s, 9H),
2.30 (br. s, 1H), 2.64 (d of 4, J; = 6.2 Hz; J, = }.D
Hz, 1H), 3.80 (m, 2H), 7.2=—7.3 (m, 3H), 7.5—7.65 (m,
2H) ; NMR (DHSDEEE. 90 MHz) & 0.14 (s, 9H), 2.65 (br. t,

J = ca. 6 Hz, 1H), 3.80 (m, 2H), 4.80 (t, J = 6.7 Hz,

1H), 7.2—7.7 (m, 5H); exact mass, 274.0294 (calcd for
- 80 .. L
CIIHISD seSi, 274.0292).

o

1-(Tetrahydropyran-2-yloxy)-4-trimethylsilyl-4-pentene (i;)}

In a dry SDﬂiii zh:ee!ﬁécked figsk equipped wiéﬁ reflux
condenser, dropping funnel, vacuuﬂ;take—cff and magnetic
stirring bar, dry magnesium turnings (3.940 g, 0.162 mol)
wére placed and the apparatus was alternately evacuated

and filled with nitrogen (three times). Dry THF (45 mL)

et
—

14
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was then added by syringe, followed (magnetic stirring)
by l-bromo-l-trimethylsilylethylene115 (21.3 g, 0.119
mol) in dry THF (10 mL) at such a rate that reflux was
not too brisk (40 min). 'The resulting orange mixture /
was refluxed for a further 90 min and was then allowed

to cool. Tﬁe dropping funnel was quickly replaced,

under a stream of nitrogen, with a rubber septum, and

- the Grignard solution was syphoned, by means of a dry,
nitrogen filled, double ended needle, 1nto//pother dry,
nitrogen-filled, 500 mL three-neckeg/fi;;i. The latter
flask was equipped with a‘;acuum take-off, two rubber
septa and a magnetic stirring  bar and contained a stirred
and cooled (0°C) mixture of CUprous jodide (1.44 g, 7.60
mmol), l-iodo-3-(tetrahydropyran~2-yloxy)propane 116
(20.50 g, 0.0759 mol) and dry THF (50 mL). The syphon-
ing rate was controlled by adjusting the nitrogen pressure
in such a way that the addition was rather slow (30 min).
The flask originally containing the Grignard ent

wqa rinsed with portions of dry THF (3 x 10 mL) whlch

were then syphoned into the second flask. The resulting
black suspension was stirred overnight, during which

time the cold bath attained room temperature. Aqueous
saturated ammonium chloride (150 mL) was then cautiously
added, the two-phazg\mixture was filtered through a \\
Celite pad (5 x 3 cm) ﬁo remove the black deposit, and

the pad was washed with ether (100 mL). The organic



phase was separated, washed with brine (150 mL) and dried

green o0il which appeared

]

(Na2804). Evaporation left
to be mainly a single product (TLC, silica, 1:12 ethyl
acetate——heptane; VPC, DEGS, 140°C). Distillation
(61—84°C, 0.05 mm) afforded (41) as an oil (15.42 g,
84%) of better than 98.5% purity (VPC, DEGS, 140°C):

NMR (CDCl,, 200 MHz) & 0.10 (s, 9H), 1.4—1.9 (m, 8H)
2.22 (br. t, J = ca. 8 Hz, 2H), 3.2—3.6 (m, 2H), 3.65—

3.95 (m, 2H), 4.48 (m, 1H), 5.28 (m, 1H), 5.54 (m, 1lH).

4-Trimethylsilyl-4-penten-1-o0l (ég).ll?

l-(Tetrahydropyigg:z-ylcxy)%4ééfigethylsilyli4-pentene
(1.737 g, 7.16 mmal) and p-toluenesulfonic acid (103

mg, 0.60 mmol) were dissolved in dry methanol (60 mL)
and the solution was stirred under nitrogen for 2 h at
room temperature. The solvent was then evaporated and
the residue purified by flash chromatography over silica
gel (4 x 18 cm) with 1:10 ethyl acetate—heptane,
followed by Kugelrohr distillation (130°C, 10 mm) to
give (30) (0.977 g, 86%) as a colorless liquid which

was homogeneous by TLC (Silica, 1:10 ethyl acetate—
heptane) and of better than 99.9% purity (VPC, DEGS, 150°C).
(30) had IR (film) 3300, 3040, 1600, 1060 cm '; NMR
(cpCl,, 200 MHz) &8 0.10 (s, 9H), 1.6—1.85 (m, 3H), 2.22

(br. t, J = ca. 7.5 Hz, 2H), 3.44 (t, J = 6.2 Hz, 2H),
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for C7HlSOSi (M-CH3), 143.0892]. Anal. calcd for CSHIBOSi:

C, 60.69; H, 11.46. Found: cC, 60.81; H, 11.28.

Treatment of 4-trimethylsilyl-4-penten-1-o0l (30) with

various electrophiles.

(a) A solution of benzeneselenenyl chloride (79.0 mg,
0.413 mmol) in dry THF (4 mL Plus 1 mL rinse) was added
over ca. 3 min to a stirred, cooled (-75°C) suspension
of silver trifluoroacetate (120 mg, 0.543 mmol) and
4-trimethylsilyl-4-penten-1-0l (58.1 mg, 0.367 mmol) in
'dry THF (3 mL). After a further period of five min at
-75°C, the bath was removed and the mixture was stirred
for 60 h with protection from light. The suspension was
filtered through a Celite pad (2 x 5 cm); the pad was
washed with ether, and the filtrate was evaporated.
Examination by TLC (silica, 1:10 ethyl acetate-—heptane)
showed a major UV-active component as well as some
starting material (by comparison with an authentic sample).
Purification was achieved by ?LC (one silica gel plate,
developed with 1:20 ethyl écetate——heptane), followed by
Kugelrohr distillation (150°C, 2 mm), to give 2-phenyl-
selenomethyl-2-trimethy1silyltetrahydrofuran (42) (32.6
mg, 28.3%) as a colorless oil. (42) had: IR (film)
3065, 3050, 1577, 1248 cm '; NMR (CDCl,, 200 MHz) & 0.08
(s, QH)ﬂ 1.8—2.25 (m, 4H), 3.04 (4, J = 12.0 Hz, 1H),
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3.42 (d, J = 12.0 Hz, 1H), 3.66 (br. q, 1H, collapses to
d, J = 8.2 Hz upon irradiation at 6§ 2.05), 3.94 (br. q,
1H, collapses to d, J = 8.2 upon irradiation at & 2.05); .
éxact mass, 314.0600 (calcd for Cl43220805esi, 314.0605).
Anal. Calcd for C14H22818e0: C, 53.66; H, 7.08. Found:

C, 53.81; H, 7.00

(b) with N-phenylselenophthalimide: N-phenylseleno-
phthalimide9j (181.6 mg, 0.601 mmol) in chloroform

(4 mL plus 1 x 2 mL rinse) was added dropwise over 10

min to a stirred and cooled (=75°C) solution of
4-trimethylsilyl-4-penten-1-ol (30) (73.2 mg, 0.463 mmol)'
and p-toluenesulfonic acid monohydrate (7 mg, 0.037

mmol) in dry chloroform (2.5 mL). After a further 10

min the bath was removed, the mixture allowed to ogtain

room: temperature (ca. 30 min) and then monitoring by

TLC (silica, 1:10 ethyl acetate—heptane) was started.
Compound (42) and some starting material were immediately
detected, but qualitatively no change was observed after
stirring overnight at room temperatue. Evaporation, PLC

(one plate Jf silica gel developed with 1:20 ethyl
acetate—heptane), and Kugelrohr disfillation (150°C,

2 mm) gave (42) (20.1 mg, 13.4%) as a colorless oil, o

pure by TLC (silica, 1:20 ethyl acetate—heptane) and L2

identical (NMR, IR) with the sample prepared as in (a).



(c) With silver trifluQIGSEEtEEE*béﬂZEDESELEDEﬁyl chloride-

pyridine: Benzeneselenenyl chloride (530.4 mg, 2.77 mmol)

in THF (2 mL plus 1 x 2 miss nse) was slowly added
(main portion over 10 . to a stirred, cooled (-75°C)

suspension of silver trifluoroacetate (670 mg, 3.03 mmol)
in dry THF (5 mL). After a further five min 4-trimethyl-
silyl-4-penten-1-o0l (30) (393.7 mg, 2.49 mmol) in THF

(2 mL plus 2 x 1 mL rinse) was added quickly, followed,
After five min, by dry pyridine (0.25 mL, 3.09 mmol).

The cold bath was then removed and the mixture stirred

at room temperature (TLC control). Once again some
product and starting material were EEEEEtEd after a

short period as st}eakiﬁg spots. After § total of 140 h

¢

at room temperature (protection from light) the mixture

was qualitatively the same (TLC). Evaporation, and -

usual purification (2 PLC silica gel plates developed
with 1:20 ethyl acetate—heptane, then Kuéhhr
distillation, 120°, 0.03 mm) gave pure (ii) (225 mg, 28.8%),
as a colorless oil, identical (NMR, IR) with a sample

prepared as in (a) or (b).

(d) With silver trifluargacetate-benZEHESEIEﬁenyl_chl@ridei
silica gel: Compound (zg) (87.9 mg, 0.555 mmol) in THF

(2 mL plus 1 mL rinse) was added quickly to a stirred,
cooled (-75°C) suspension of silver trifluoroacetate

(436.2 mg, 1.974 mmol) and dry silica (1.050 g) in dry

et
ol
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THF (4 mL). Immediately afterwards‘benzeneselenenyl
chloride (223 mg, 1.164 mmol) in THF (2 mL plus 1 mL
rinse) was added. The cold bath was removed and the
mixture stirred at room temperature. After 40 h (protec-
tion from light), examination by TLC (silica, 1:20

ethyl acetate—heptane and 1:4 ethyl acetate—heptane)
showed no (42), but mainly diphenyl diselenide, starting

material, and several other components in traces.

(e) With iodine: 1Iodine (89 mg, 0.350 mmol) in ether

(5 mL) was added to a two-phase mixture consisting of
(30) (53.4 mg, - 0.337 mmol) in ether (5 mL) and aqueous
sodium hydrogen carbonate (0.5 M, 5 mL). Decolorization
was noticeable after ca. 3 h and was complete in 18 h.
The organic phase was separated, washed with brine

(10 mL), dried (Na2so4) and evaporated. The product
(50.0 mg, 93.6%) was starting material, as shown by NMR
and TLC (silica, 1:4 ethyl acetate—heptane) comparison

with an authentic sample.

(f) With iodonium di-sym-collidine perchlorate:55 Iodine
L

(71.7 mg, 0.282 mmol) in chloraform (5 mL plus 1 mL

rinse) was added to a stirred suspension of di-sym

35 (127.7 mg, 0.284 mmol)

collidine silver perchlorate
in dry chloroform (2 mL). A yellow precipitate (silver

iodide) and a colorless supernatant, cohtaining iodonium
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di-sym-collidine pgrchlar:t255 were produced. This

8

mixture was immediately treated with (30) (40 mg, 0.257

mmol) in chloroform (2 mL plus 1 mL rinse). The mixture was
stirred at room temperature with protection from light.
Examination by TLC (silica, 1:3 ethyl acetate—heptane) .

failed to detect any product even after 120 h: start-

ing material was the major substance detected.

(g) With E—bram@guecinimiae:§ze

N-bromosuccinimide (80.0
mg, 0.449 mmol) in THF (2 mL pPlus 1 mL rinse) was added over
2 min to a cooled (0°C), stirred solution of (30) (56.3 mg,
0.356 mmol) in dry THF (3 mL) under nitrogen. After 2 h

at 0°C the yellow mixture still contained much starting

material. (TLC control: Bilica, 1:4 ethyl acetate—heptane)

several otfer components. The bath was removed,

8 well a

and the solution stirred 1 h, then the solvent was evaporated,

The residue (NMR; TLC, above conditions) was a green,

g

arry, intractable mixture containing many substances.

(h) With m-chloroperbenzoic acid: gsChlarﬁpgrbénzaic
acid (85% w/w, 296 mg, 1.45 mmol) in THF (2!£L Plus 1 mL
rinse) was added to a stirred solution of (30) (210 mg,
1.926 mmol) in THF (5 mL) and stirring was continued
overnight at room temperature. The mixture was poured
into ether (50 mL) and water (50 mL), and the organic

phase was washed with aqueous saturated sodium hydrogen

LN |
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carbonate (3 x 25 mL), dried (Na so ) and evaporated.
Flash chromatography over si‘ica gel (3 x 17 cm) with 1:3
ethyl acetate—heptane, followed by Kugelrohr distilla-
tion (130°C, 10 mm) gave 2-hydroxymethyl-2-trimethyl-
8ilyl tetrahydrofuran (44) (161.5 mg, 70%): IR (film)

3440, 1050, 842 cm !

i NMR (CDC1l;, 200 MHz) & 0.06 (s,
9R), 1.6—2.05 (m, 4H), 2.58 (br. s, 1H), 3.45 (d, J =
11.4 Hz, 1lH), 3.58 (d, J = 11.4 Hz, 1lH), 3.65—3.80 (m,
1H: collapsed to d, J = 8.4 Hz upon irradiation at §
1.85), 3.80—3.95 (m, 1H, collapsed to d, J = 8.4 Hz
upon irradiation at § 1.85); NMR (DMSO-Q6, 100 MHz) §
0.06 (s, 9H), 1.5—2.0 (m, 4H), 2.35 (d, J = 5.4 Hz, 2H),
2.4—2.9 (m, 2H), 4.47 (t, J = 5.5 Hz, 1lH); exact mass,

174.1075 (calcd for C8H 0 Si, 174.1074). Anal. Calcd

18

for CSHlBOZSi: C, 55.12; H, 10.41. Found: C, 55.31;

H, 10.16.



(D): Additions o of cuprates to a,B-unsaturated aldehyde:*

Prepafg;;gn of the a,f-unsaturated aldehydes. Dienal (47)

(Aldrich) was distilled before use (b.p. 120°C, 20 mm).

The material was a mixture (NMR) of geometric isomers. (45)Slf

(ig);ﬁlg (ig)iaz (ig),slf (EE)7D3HEIE§EEparéd by literature

procedures. The compounds are rather unstable but can
be stored for short periods (2—4 weeks) at -20°C under
a nitrogen atmosphere. New aldehydes were made by general

methods as follows:

Cycloheptylideneacetaldehyde (51). This compound was

prepared by P. Begulieugzb according to a general procedure

reported in the literature.

(2~ Methylcycl@hexylldene)— -prnplanaldehydé, (52). A
N 61f

was fallawed with some modificatfons.

1;terature methcd
2-Trimethylsilylpropionaldehyde tert-butylimine®lf (33510
g, 18.94 mmol) was injected neat over 10 min to a stirred,
cold (0°C) solution of LDA [from diisopropylamine (2.5

mL, 17.71 mmol) and butyllithium in hexane (1.40 M, 12.7
mL, 17.78 mmol)) in THF (60 mL). After a further 10 min
at 0°C the mixture was cooled to -75°C and 2-methylcyclo-
hexanone (1.307 g, 11.65 mmol) in THF (2 mL Plus 2 x 1

mL rinse) was injected (main portion over about 3 min).
The mixture was stirred overnight, during whiéh period

the cold bath attained room temperature. Water (20 mL)
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and enough oxalic acid dihydrate to bring £he pPH to 4.5
ﬁe;e added. The mixture was stirred for 50 min and then
partitioned between ether (50 mL) and water (50 mL).

The organic phase was washed with saturated aqueous sodium
hydrogen carbonate (2 x 50 mL) and with brine (50 mL) and
was dried over anhydrous potassium carbonate. Filtration
and evaporation gave the crude product in which the major
impurity (ca. 15%, VPC) was the starting ketone. Flash
chromatography over silica gel (4 x 20 cm) with hexane
containing increasing amounts (0.5-—1% v/v) of ethyl
acetate followed by Kugelrohr distillation (145°C, 10 mm)
gave (52) (892 mg, 50%) as a 1:1 mixture (NMR, 200 MHz)

of E and 2 isaﬁers of better than 97% purity (VPC, DEGS,
150°C): IR (film) 2770, 1665 and 1612 cm '; NMR (CDCL,,
200 MHz) 6 1.11 (4, J = 7.20 Hz, 1.5H), 1.19 (4, J =

6.85 Hz, 1.5H), 1.29—2.03 (m, 9H), 2.18 (m, 1H), 2.63

(m, 0.5H), 3.05 (m, 0.5H), 3.33 (m, 0.5H), 3.79 (m, 0.5H),
10.15 (s, 0.5H), 10.20 (s, 0.5H); exact mass, 152.1202
(caled for CioH169° 152.1201).

For characterization a sample of the aldehyde was
canvertedl%a into its 2,4-dinitrophenylhydrazone: mp
120°C and 158—159°C (from- ethanol, double mp). Anal.
Calcd for ClEHZOﬁi 4 C 57.82; H, 6.07; N, 16.86.
Found: C, 57.67; H, 6.17; N, 16.59.

A Y



[2-(4aB,B8aB-4a~Methyldecah

ydronaphthylidene) lacetaldehyde,

(53). A general préeeduresft was followed: ¢t-butyllithium

in pentane (1.72 M, 14 mL, 24.2 mmol) was added to THF

(30 mL) ét -75°C and the solution was kept at this tempera-
ture. (2)-1-Bromo-2-ethoxyethylene®t (1.820 g, 12.1
mmol) was injected neat over 5 min and THF (3 x 1 mL) was

used to rinse all of the bromide into the t-butyllithium

~d

solution. After a further period of 30 min at -75°C,

cis-4a-methyl-2-naphthalenone’? (1.677 g, 10.09 mmo1)

in THF (5 mL plus 2 x 1 mL rinse) was added (main portion

over 10 min). "
The cold bath was left in place and, after 5 h, the

reaction mixture had attained room temperature. The

mixture was théﬁ cooled to 0°C, aqueous hydrochloric

. acid (10% v/v, 15 mL) was added, the caoling bathﬁwas

removed, and the té@-phgge system was stirred viégrausly

for 15 min. The organic layer was removed, the aqueous

phase H;B extracted with gthgr (50 mL) and the combined

organic extract was washed with water and with brine, .

dried (Na,S0,) and evaporated. Flash chromatography of

the residue over silica gel (4 x 25 cm) using hexane

containing increasing amounts (2—5% Gﬁxﬁ of ethyl acetate

followed by Kugelrohr distillation (lBDﬁQLSS‘C, 0.15 mm)

afforded (53) (1.460 g, 75%) as a pure (TLC, silica,

1:20 ethyl acetate—hexane) 1:1 mixture (NMR, 200 MHz)

of E and Z isomers.
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IR (film) 2765, 1662, 1625 cm~}; NMR (CDC1,, 200 MHz)
6 0.7—3.1 (m, 18H, incorporating s at § 1.07), 5.4~5.8
(m, 1H), 9.85 (d, J = 3.5 Hz, 0.5H), 9.93 (d, J = 3.5
Hz, 0.5H); exact mass, 192.1513 (calcd for cl3azoo,
192.1514).

?or characterization a sample was converted118 into
its 2,4-dinitrophenylfydrazone: mp 131—134°C (from
ethanol). Anal. calecd for C19824N404: C, 61.27; H, 6.50;

N, 15.04. Found: C, 61.11; H, 6.42; N, 14.83.
N

General Procedures120 for Reaction of a,B-Unsaturated

Aldehydes with Cuprates.

(A) 535933£i2 in ether. Purified cuprous iodide (3 mmol)
was placed in a dry 50 mL 3-necked flask carrying a
magnetic stirring bar. Two necks of the flask were
closeld by rubber septa and the other by a vacuum take-off
equipped with a stopcock. The flask was alternately
evacuated and filled with nitrogen (3 cycles) and dry
ether (10 mL) was then injected. The slurry was stirrgd
at ca. 0°C (ice bath) and commercial ethereal MeLi
containing 5% LiCl, (ca. 1.8 M, 5 mmol) was injected over
2—3 min. A dark ygllow Precipitate of methyl copper

was deposited and then dissolved. Five min after the end

of the addition the colorless (or faintly yellow) solution

was cooled to the specified temperature and the enal (1 mmol)
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in ether (1 mL plus 2 x 1 mL rinse) was added over 5 min.
After the appropriate time the mixture was gquenched as

specified below.

(B) Me Cu;Li, in ether-pentane. Cuprous iodide (3 mmol)

in dry ether (5 mL) was treated at 0°C with MeLi (5 mmol)

as described under (A) above. Five min after the end of
the addition the cuprate solution was cooled to the
specified temperature and dry pentane (15 mL) was injected.
The enal (1 mmol) in ether (1 mL Plus 2 x 1 mL rinse)

was added as described in (A) aﬁd, after the appropriate

time, the reaction mixture was quenched as specified below.

(C) ggzguLi in ether. Cuprous iodide (1.2 mmol) in dry

ether (10 mL) was treated at 0°C with Me Li (2.4 mmol) as
described under (A) above. Five min after the e%d of

the addition the cuprate solution was cooled to the
specified temperature and the enal (1 mmol) in ether (1
mL plus 2 x 1 mL rinse) was injected as in (A) and, after
the appropriate time, the reaction mixture was quenched

as specified below.

(D) Me,Culi in ether-pentane. Cuprous iodide (1.2 mmol) /

in dry ether (5 mL) was treated at 0°C with MeLi (2.4

mmol) as described in (A). Five min after the end of the



by the enal (1 mmol) in ether (1 mL plus 2 x 1 mL rinse).
é,
o

The mixture was quenched after the appropriate time as

described below.

Quenching Procedures.

(E) Acetic acid. After an appropriate time, the reaction

mixture was cooled to -75°C and acetic acid (0.2 mL per
mmol of MeLi used) was injected very quickly with vigorous
stirring. The cold bath was removed (gas evolution) and,
after ca,5 min an excess (ca. 10 mL) of saturated aqueous
ammonium chloride was added. The stirred mixture was
allowed to reach room temperature (ca. 30 min) and the
white precipitate was filtered off. The solid was washed
with ether (30 QL) and water (30 mL) and the combined |
organic phases were washed with saturated aqueous sodium
hydrogen carbonate (2 x 50 mL) and with brine (2 x 50 mL) .
The solution was dried (Nazscl) and esuaporated and the

product was obtained by Kugelrohr distillation.

(F) Chlorotrimethylsilane. After completion of the

conjugate addition the reaction mixture was cooled to
-75°C and, for every mmol MeLi used, chlorotrimethyl-

silane (0.17 mL, 1.30 mmol) was added quickly, followed
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by triethylamine (0.20 mL, 1.43 mmol) and HMPA (0.12 mL).
The cold bath was removed and the suspension was stirred
vigorously for 40 minf during which time the mixture
attained room temperafure. An excess (10 mL) of saturated
agueous ammonium chloride was added cautiously and
Petroleum ether (bp 30—60°C, 30 mL) was also added.

The mixture was filtered by suction through a filter

pPaper to afford two clear phases, the aqueous one usually
being blue. The organic layer was washed with satﬁrlted
aqueous ammonium chloride solution (30 mL), with water

(3 x 30 mL) (for removal of HMPA) and, finally, with

b;ine (2 x 50 mL). The organic solution was dried (Nazso‘)
and evaporated and the product was obtained by Kugelrohr

distillation.

Reactions with Me5g23££2; \\

(l-Methylcyclohexyl)acetaldehyde (45a) . Procedure (A)

was followed using cyclohexylidene acetaldehyde (ié)
(427.9 mg, 3.445 mmol). The enal was added at -75°C to
the solution of MeSCu3Li2 and the reaction mixture was
stirred at this temperature fof 2 h. The temperature
was then allowed to rise to -40°C over 1.5 h and the
mixture was recooled to -75°C and quenched with acetic

acid. Work-up and Kugelrohr distillation (125—130°C,



10 mm) gave (45a)'?! (435.9 mg, 90%) of better than 97%
purity (VPC, EEGS, 120°C). The material contained 1%

(VPC) of the 1,2-addition product, l-cyclohexylidene-2-
22

i
f—r
r

propanol, (45b).

(452) had: IR (£ilm) 2715, 1710 em™'; NMR (CDCL,,

200 MHz) § 1.08 (s, 3H), 1.1—1.7 (m, 10H), 2.32 (4,

J 3.4 Hz, 2H), 9.83 (t, J = 3.4 Hz, 1lH): exact mass

139.1122 [calcd for CQHIED (M-H), 139.1122].

3,3-Dimethyloctanal (46a

The procedure for (45a) was

).
followed using 3é§;£hy1§iiactenal (46) (mixture of isomers,
143.1 mg, 1.02 mmol). Work-up and Kugelrohr distillation
(115°C, 10 mm) gave (46a) (144.1 mg, 90.4%) of better
than 99¢*Burity (VPC, DEGS, 130°C). The 1,2-addition
product was not detected (VPC). (46a) had: IR (film)

-1

2720, 1720 cm ~; NMR (CDC1 200 MHz) & 0.89 (br. t, J =

3!
7.8 Hz, 3H), 1.04 (s, 6H), 1.1—1.5 (m, 8H), 2.27 (d,

J 3.25 Hz, 2H), 9.85 (t, J = 3.25 Hz, 1lH); exact mass,
155.1435 [calcd for ClOHlSD (M-H): 155.1436). _For
characterization a sample of (46a) was c@nvertéélla into its
2,4-dinitrophenylhydrazone: mp 96°C (from ethanol).

Anal. Falcd for C15H24N494= C, 57.13; H, 7.19; N, 16.66.

Found: C, 57.14; H, 7.21; N, 16.52.
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3,3, 7-Tr1methyl E-agtenal (473) Procedure (A) was

féllaued using 3,7-dimethyl-2,6-octadienal (47) (mixture
of isomers, 186.3 mg, 1.224 mmol). The enal was added
at -75°C to the solution of HESCuzLiz and the reaction
mixture was immediately allowed to warm to 0°C over 4 h.
The mixture was then recooled to -75°C and quenched with
acetic acid. Work-up and Kugelrohr distillation (70—
80°C, 0.5 mm) gave (47a)%9] (165.6 mg, 80.4%) of better
than 98% purity (VPC, DEGS, 140°C). The 1,2-addition
praéuct was not detected (VPC, NMR). (47a) had: IR
(£ilm) 2715, 1710 cm™'; NMR (CDC1,, 200 MHz) & 1.07 (s,

6H), 1.25—1.45 (m, 2H), 1.59 (s, 3H), 1.68 (s, 3H),

L}
\w\
»
L

1.96 (m, 2H), 2.27 (4, J S Hz, 2H), 5.07 (m, 1H),
9.82 (t, J = 3.50 Hz, 1lH); exact mass, 168.1508 (calcd
for Cllﬂzag 168.1514). -

(2, 3=D1méthyl l-nonen- 1sy1)ﬂxy] imethylsilane (48a)

Pro edure (A) was falléwed using 2¥méthy1 =2-nonenal (ig

(mixture of E and Z isomers, 126.1 mg, 0.818 mmol). The

enal was added at -75°C to the solution of M35Cu3Li2 and
the mixture was stirred at this temperature for 2 h. The

temperature was then allowed to rise to -20°C over 2 h

and the mixture was recooled to -75°C and quenched by

general procedure (F) with chlorotrimethylsilane. Work-up

and Kugelrohr distillation (150°C, 10 mm) gave (48a) .



(183.6 mg, 92.6%) of better than 98% purity (VPC, DEGS,
95°C). The material contained 1.5% of the 1,2-addition
product, [(3!methy1*2—deceniyl)ny]trimethyl!ilane, (48b),
as judged by comparison (NMR, 200 MHz) with an authentic
sample. ?? (48a) had: IR (film) 1673, 1166 cm-l; NMR
(CDC14, 200 MHz) & 0.16 (s, 9H), 0.86 (t, J = 7.5 Hz, 3H),
0.96 (d, J = 7.6 Hz, 3H), 1.05—1.5 (m, 10H), 1.50 (4,

J = 1.5 Hz, 3H), 2.01 (m, 1H), 6.05 (m, 1H) ; exact mass,
242.2068 (calcd for C,4H34081, ZQE.EGEEY! Anal. Calcd

Yag

for ¢, ,H, 0Si: C, 69.35; H, 12.47. Found: C, 65.61;

&

{[2—(lénethylcyclahéxyl)-l—prapen?jl]cxy}trtmethylsilane (49a).

Procedure (B) for reactions in éthééiipentane was féllaﬁed
using 2-cyclehexylidenepropionaldehyde (49) (140.3 mg,
1.015 mmol). The enal was added at -50°C to the solution
of HeSCQ3Li2 and the reaction mixture was immediately
allowed to warm to 0°C over 2 h. The mixture was kept

at this temperature for a further 30 min, cooled to =75°*C
and quenched by general method (F) with chlorotrimethyl-
silane. Work-up and Kugelrohr distillation (140°C, 10

mﬁ) gave (49a) (202.2 mg, 88.0%) of better than 99%

purity (VPC, DEGS, 115°C). The 1,2-adduct (49b) was not
detected (VPC). (49a) had: IR (film) 1675, 1252 cm™l;
NMR (CDCl,, 200 MHz) 6 0.16 (s, 9H), 0.94 (s, 3H), 1.1—1.7

(m, 13H, incorporating d, J = 1.5 Hz at § 1.54, 3H),
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6.11 (g, J = 1.5 Hz, 1lH); exact mass, 226.1751 (calcd

for ClBHZEOSl' 226.1753). Anal. Calcd for CIBHISQs;’

C, 68.96; H, 11.58. Found: C, 69.21; H, 11.65.

(1—Hethyl¢yclaheptyl)ace alde hyﬂ (Sla)— Procedure (A)

was f 11§ved using Eyclaheptyl d ene acetgldehyde (51)

(60.7 mg, 0.439 mmol). The enal was added at -75°C to
the solution of MESCH L12 and the mixture was stirred at
this temperature for 2 h. The temperature was then

e to =20°C over 2 h and the mixture was

[
[+

allowed to ri
recooled to -75°C-and quenched by general method (E) with
acetic acid. Work=-up and Kugelrohr distillation (150°C,
10 mm) gave (5la) (60.1 mg, 88.8%). The material was
contaminated by 5.5% of the 1,2-addition product,

l-cycloheptylidene-2-propanol, (51b), as judged by comparison
1l

(VPC, DEGS, 150°C; “H-NMR, 200 MHz) with an authentic
sample. '22 (51a) had: NMR (CDCl,, 200 MHz) § 1.08 (s,

3H), 1.2—1.8 (m, 12H), 2.26 (d, J = 3.50 Hz, 2H), 9.80

(d, J = 3.50 Hz, lH). For characterization the 2,4-di-

nitrophenylhydrazone was prepared:lls mp 90—91°C (from

ethanol). Anal. Calcd for C, EH H4 4t C, 57.47; H,

6.63, N, 16.76. Found: C, 57.49; H, 6.69; N, 16.87.
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{{2-(1,2-pimethylcyclohexyl)-1~propen-yl]oxy}trimethylsilane

Y i

(52a) and {[3-(2-Methylcyclohexylidene)2-butyl]oxyltri-

methylsilane (52b). Procedure (B) for reactions in

ether—pentane was followed using 2-methylcyclohexylidene-
2-propionaldehyde (52) (mixture of isomers, 114.3 mg,

0.751 mmol). The enal was added at -50°C to the solution

of MESCuBLi2 and the reaction mixture was immediately

allowed to warm to 0°C over 1.5 h. The mixture was kept

and quenched, by general method (F) with chlorotrimethyl-
silane. Work-up and Kugelrohr distillation (145°C, 10
mm) gave an oil (158.7 mg, 88.0%). The material consisted

of (52a) and (52b) in the ratio 46:54 as judged by

comparison (VPC, DEGS, 115°C; 'H-NMR, 200 MHz) with an
2

authentic sample of (52]:);l 2 The 1,4-addition product

(52a) was a 1:3 mixture (NMR) of diastereoisomers having

NMR (CDC1 200 MHz) 6 0.158 and 0.162 (partially over-

37
lapping singlets, 9H overall), 0.65 (4, J = 6.8 Hz, 2;255).'
0.77 (4, 3 = 7.1 Hz, 0.75H), 0.90 (s, 2.25H), 1.17 (s,
0.75H), 1.18—1.6 (m, 12H, incorporating 4, J = 1.5 Hz,

at § 1.55), 5.94 (g, J = 1.5 Hz, 0.25H), 6.08 (q, J =

1.5 Hz, 0.75H). For further characterization (52a) was

canverteélzz

to the derived 2,4-dinitrophenylhydrazone:

_ — & I - 5 ) _ _ _ . 777 _ 7?'7
mp 111—118°C (from ethanol). Anal. Calcd for Ci7H,4N 40,4
C, 58.60; H, 6.94; N, 16.08. Found: C, 58.44; H, 6.90;

"N, 16.22.



[2i(435,Eaaizg4aiDiméthyldecghydrgﬁaphtha1ene)]acetaldehyde

-

53a). Procedure (A) was followed using [2-(4aB,Baf-4a-Methyl-

déé;hydranaphthylidene)]agetalaehyde (53) (mixture of
isomers, 157.5 mg, 0.819 mmol). The enal was added at
-75°C to. the solution of MeSCEBLiZ and the reaction mixture
was stirred at this ﬁemperatufe for 2 h. The temgeraéure
was then allowed to rise to -20°C over 2 h and the mixture
was recooled to -75°C and quenched by general procedure
(E) with acetic acid. Wwor¥Zup, flash chromatography over
silica gel (2 x 18 cm) with 3:97 ethyl acetate—hexane

and Kugelrohr distillation (140°C, 0.1 mm) gave (53a)
(144.2 mg, 84.5%) as an apparently homogeneaous (TLC,
silica, 1:20 ethyl acetate—hexane) o0il. Examination by
VPC (FFAP, 210°C) showed two peaks (relative areas 1:19)
corresponding to the two aldehydes epimeric at C-2. The
crude reaction product (before chromatography) contained
2% of the 1,2-adduct, 1-(2-cis-4a-methyldecahydronaphthyl-
idene)-2~-propanol) (53b) as judged by comparison {VEC)
with an authentic ;ample.122 (53a) had: IR (film) 2720,
1715 cm™}; NMR (CDCl,, 200 MHz) & 0.75—1.95 (m, 21H,
including sharp singlets at § 1.01 and 1.10, 3H ca. each),
2,38 (d, J = 3.55 Hz, 2H), 9.83 (t, J = 3.55 Hz, 1H):

exact mass, 208.1825 (calcd for C1i524°' 208.1827). For
118

further characterization, (53a) was converted into its

2,4-dinitrophenylhydrazone: mp 180—183°C (from ethanol).



Anal. Calcd for C,,H, . N,O,: C, 61.83; H, 7.26; N, 14.42.

Found: C, 61.75;

Reactlangig}ﬁﬁiﬂgzgug}:

These reactiong were run under the same thermal
conditions as their counterparts with HESCuBL;I but
using the general procedures given above for HEECuLi
experiments. After work-up and distillation the relative
amounts of 1,2- and 1,4-addition products were determined
by VPC and/or NMR (200 MHz). In the latter case the
integration was performed on conveniently separated
signals that w;re chosen from the NMR spectra of the
pure 1,2- (obtained by use of MelLi) and l,déaddu:ts

(obtained usually by use of HESCuzLiE)_ In most cases

the olefinic signal of the trimethylsilyl enol ether or

ed for estimation of

-

wWeére u

the aldehyde proton signa

the 1,4-adducts and the signal for the proton(s) on the

carbon bearing the hydroxyl group (typically at § 4.5—5.0)

for the 1,2-adducts. The values obtained were ‘checked by
integration of any other suitable sets of signals, includ-
ing the singlets due to the trimethylsilyl groups, in

which case a relaxation delay of 30 sec between scans was

used to allow complete relaxation.

132.



Reaction of cy ’chexylldeneacetaldehyde (ii) wiﬁh HEZEuLi

in ether. Procedure (C) was followed using cyclohexylidene-

aaetaldehyde (45) (180 mg, 1.449 mmol). The enal was
added at -75°C to the solution of Me,CuLi and the reaction
mixture was stirred at this temperature for 2 h. The
temperature was then allowed to rise to -40°C over 1.5 h,
the cooling bath was then removed and the reaction was
quenched by rapid injection of saturated agqueous ammonium
chloride (10 mL) with sf;i'rl,:'ir';g.12‘B When the mixture had
reached room temperature it was extracted with ether

(2 x 30 mL) and the combined organic phase was washed
with saturated agueous sodium hydrogen carbonate (2 x 30
mL) and with brine (2 x 30 mL). Thé solution was driéd
(NQZSQQ) and evaporated and the product (148.4 mqg) was
obtained by Kugelrohr distillation. The materijal consisted
(NMR, 200 MHz) of starting enal and reaction product in

the ratio of 1:10. The reaction product itself was
comprised of (45a) and (igg)lz: in the ratio 87:13 (71%

combined yield after correction for recovered starting

material).

Reacti@n of Sﬁmethylizﬁagtenal (46) with Me,CuLi in ether.

Pfﬁcedure (C) was followed using 3-methyl-2-octenal (46)

(140.0 mg, 0.998 mmol) in ether. The enal was added at

=75°C to the solution of Me,CuLi and the reaction mixture



was stirred at this temperature for 2 h. The temperature
was then allowed to rise to -40°C over 1.5 h and the
mixture was recooled to -75°C and quenched by general
procedure (E) with acetic acid. Work-up and Kugelrohr
122

distillation gave a mixture of (46a) and (46b) (140.9

mg total, 90.3%) in the ratio (NMR, 200 MHz) of 91.5:8.5.
]

Reaction of 3,3,7-trimethyl-6-octenal (47) with HEECuLi in

ether. Procedure (C) was followed using 3?3,7§€fimethyli

6-octenal (47) (mixture of isomers, 519.9 mg, 3.380 mmol).
The enal was added at -75°C to the solution of HEZCuLi

and the mixture was immediately allowed to warm up so

that it reached 0°C over 4 h. The mixture was then cooled
to -75°C and quénzheﬂ by general procedure (E) with acetic
acid. Work-up and Kugelrohr distillation gave a mixture
of (47a) and (47b) ®97 (445.9 mg, total 78.5%) in the
ratio (NMR, 200 MHz) of 9:1. Flash chromatography over
silica gel (3 x 17 cm) using heptane containing increas-
ing amounts (5—10% v/v) of ethyl acetate, gave, after
Kugelrohr distillation, (140°C, 12 mm) (47a) (391.1 mg,
68.9%) of better than 98% purity (VPC) and identical .
(IR; NMR, 200 MHz) with a sample made using HescugLizi

The flash chromatography also gave (115)693 [39.0 mg,
6.8%; after Kugelrohr distillation (150°C, 10 mm)] which

was a mixture of E and 2 isomers (NMR, 200 MHz) and was
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better than 95% pure (VPC). (47b) had: NMR CDCL3 200
MHz) § 1.0—2.2 (m, 15H, inégrpcrating doublets at §
1.22 and 1.23, J = 7 Hz, 3H overall), 4.4—4.7 (m, 1lH),
6.0—6.3 (m, 2H); exact mass, 168.1502 (calcd for

C,,H,,0, 168.1514).

Reactian af Z-methyl-2-nonenal (48) with HEECULl in ether;

Procedure (C) was followed using 2-methy1 ~2=-nonenal (4 )

(mixture of iscmers, 120.0 mg, 0.865 mmol). The enal was
added at -75°C to the solution of HEECuLi and the mixture

was stirred at this temperature for 2 h. The temperature
was then allowed to rise to =20°C over 2 h and the mixture
was recooled to —-75°C and quenched, by general procedure
(F), with chlorotrimethylsilane. Work-up and Kugelrohr
distillation gave a mixture :F%9.4 mg, 92.2%) consisting

(VPC; NMR, 200 MHz) of (48a) and (48}3)122 in the ratio

Reaction af 2-:yclahexyl1deneprcplanaldehyde (49) with

HEECuLi in ether-pentane. Procedure (D) for reactions

in ether—pentane was followed using 2-cyclohexylidene -

propionaldehyde (49) (120.0 mg, 0.865 mmol). The enal

was added at -50°C to the solution of HQECuL; and the

reaction mixture was immediately allowed to warm up te

0*C over 2 h. The mixture was kept at this temparature



for a fufthgr 30 min, cooled to -75°C and quenched by
general procedure (F) with chlorotrimethylsilane. Work-
up and Kugelrohr distillation gave an oil (180.3 mg,
91.7%) of better than 99% purity (VPC, DEGS, 115°C).

The material consisted (NMR, 200 MHz) of (49a) and

122 s ,
(49Db) in the ratio of 80:20.

Reaction of c:y::lgheptyl;derieaaetaldehyde (51) with

MeZCuLl in ether. Procedure (C) was followed using cyclo-

hept}lldeneacetéldehydé (51) (104.2 mg, 0.754 mmol) in
ether. The enal was added at -75°C to the solution of
He;CuLi and the mixture was stirred at this temperature
for 2 h. The temperature was then allowed to rise to
=-20°C over 2 h and the mixture was recooled to -75°C and
quenched by general procedure (E) with acetic acid.
Work-up and Kugelrohr distillation gave an oil (102.5 mg,

88.1%) of better than 97% purity (VPC, DEGS, 150°C). The
122

material consisted (NMR, 200 MHz) of (5la) and (51b)

in the ratio of 83:17.

Reaction of 2-(2-methylcyclohexylidene)propionaldehyde (52)

w1th 532CuLi in ether—-pentane. Procedure (D) was followed

u!iﬁg 2= (Zﬁmathylgyclchgxylidene)pfcpicnaldehyée (52)

(118.5 mg, 0.778 mmol). The enal was added at -50°C to

the solution of HeZCuLi and the reaction mixture was
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immediately allowed to warm to 0°C over 1.5 h. The mixture
was kept at this temperature for a further 30 min, cooled

to -75°C and quencired, by general method (F), with

chlorotrimethylsilane. Work-up and Kugelrohr distillation

gave a mixture (162.§ mg, 87.0%) of better than 99%
15°C). The material consisted (NMR,
122

purity (VPC, DEGS,

in the ratio of 48.5:51.5.

200 MHz) of (52a) and (52Db)

Reaction of [2-(4aB,B8aB-4a-methyldecahydronaphthylidene)] =

acetaldehyde (53) with MEQCuLi in ether. Procedure (C) was

followed ééing fE-(438;éa5‘4a-méthfléé;ahydrénaphthylidéne)]
acetaldehyde (53) (146.5 mg, 0.762 mmol). The enal was
added at -75°C to the solution of Me,CuLi and the reac-
tion mixture was stirred at this temperature for 2 h.
The temperature was then allowed to rise to -20°C over

]

2 h and the mixture was recooled to -75°C and quenched

th acetic acid. Work-up and

-

by general procedure (E) w

jm

Kugelrohr distillation gave a mixture (144.1 mg, 90.8%)
consisting (VPC) of (53a) and (é;g)lzz in the ratio of
97.5:2.5 and small amounts of other materials. Flash
chromatography over silica gel (2 x 18 cm) using 3:97
ethyl acetate—hexane and Kugelrohr distillation gave
pure (VPC) (53a) (129.9 mg, 81.9%) consisting (VPC) of

two diastereoisomers in the ratio of 94:6.



Reactions of Zacyelgpentylidéneprcpiaﬁalaehyde (50) with

various copper reagents.

(1) Reaction with Me CuLi in ether, This reaction is

2
described in the literature and gives7ga

(86% vield) a
mixture of (50a) and (50b) in the ratio of 36:64.

(ii) Reaction gggg_gesgi,Lij in ether. Procedure (A)

3

Ha%_f@lléﬂed using 2-cyclopentylidenepropionaldehyde (50)

(132.8 mg, 1.069 mmol). The enal was added at -50°C to
the solution of HescuBLiz and the mixture was stirred

at this temperature for 30 min. The temperature was then
allowed to rise to 0°C over 2 'h and was maintained at 0°C
for further 30 min. The mixture was recooled to -75°C
and quenched, by general procedure (F), with chlorotri-

| methylsilane. Work-up and Kugelrohr distillation (l120°C,
10 mm) gave an oil (194.2 mg, 95.5%) of better than 99?

125

purity (VPC, DEGS, 100°C), consisting (NMR, 200 MHz)

of (50a) and (50b) in the ratio of 77.5:22.5.

(iii) ﬁ:gctipn “iﬁhfggsgﬂjéiz in ether—pentane. Procedure

(B) was followed using 2-cyclopentylidenepropionaldehyde
(50) (132.8 mg, 1.069 mmol). The enal was added at -50°C
to the solution of MeSCﬁaLiz and the mixture was stirred

at this temperature for 30 min. The temperature was then

138.
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allowed to rise to 0°C over 2 h and maintained at 0°C for
a further 30 min. The mixture was recooled to -75°C and
quenched by general procedure (F) with chlorotrimethyl-
silane. Work-up and Kugelrohr distillation (120°c, 10
mm) gave an oil (210.6 mg, 88%) of better than 99% purity

(VPC, DEGS, 100°C) consisting (NMR, 200 MHz) of (S0a)

and (50b) in the ratio 85:15. )

3=uLisy

, i . .. 164 X - S
(iv) Reaction with Me.CuLi in ether. Ethereal Meli

(2.1 M, 2.0 mL, 4.2 mmol) was injected 8lowly into a
stirred and dooled (0°C) slurry of purified cuprous iodide
(265.4 mg, 1.394 mmol) in ether (14 mL). The cuprate
solution was cooled to -50°C and the enal (50) (173.4 mg,
1.396 mmol) in ether (1 mL plus 3 x 1 mL rinse) was added
(main portion over 5 min). After the addition the mixture
was kept for 30 min at -50°C. The temperature was then
allowéd to rise to 0°C over 2 h. The mixture was kept
at this temperature for 30 min, recooled to -75°C, and
quenched by general method (F) with chlorotrimethylsilane

(0.6 mL), triethylamine (0.75 mL) and HMPA (0.4 mL) .

The cold bath was removed and the mixture was worked up
in the usual way. Kugelrohr distill;gian (120°C, 10 mm)
gave an oil (251.5 mg, 84.8%) of betézi than 99% purity
(VPC, DEGS, 100°C), consisting (NMR, 200 MHz) of (50a)

and (50b) in the ratio of 4:96.

139.



Reaction with HESCHB(HQEI)ZBZ in ether. Ethereal MeLi

(1.91 M, D.ES'mL, 1.1 mmol) was injected dropwise into a
stirred and coofPd (0°C) slurry of purified cuprous
iodide (635 mg, 3.330 mmol) in ether (12 mL). Five min
after the end of the addition the yellow suspension was
cooled to -40°C and an ether solution of methylmagnesium
bromide (2.74 M, 1.6 mL, 4.40 mmol) was added. The
temperature was allowed to reach -10°C over 30 min and
then lowered to -40°C again. The enal (136.5 mg, 1.10
mmol) in ether (1 mL plus 2 x 1 mL rinse) was injected
{main portion over 4 min). The temperat re was then
allowed to rise to 0°C over 1 h and kept at 0°C for 30
min. The mixture was recooled to -75°C and quénched by
general procedure (i)‘with,chlaratrimethglsilane (0.7
mL), triethylamine (0.9 mL) and HMPA (0.45 mL). The cold
bath was removed and the mixture was worked up in the 7
usual way. Kugelrohr distillation (120°C, 10 mm) gave
an oil (145.4 mg, 92%) consisting (NMR, 200 MHz) of

(50a), (50b)’%% and (50c)?? in the ratio 4:1:95.
Consequently, the amounts of 1,2- and l,4-adducts are

in the ratio of 96:4.

p -
.83

Reaction with HEBCqui’ in THF. Ethereal MeLi (1.91 M,

1.90 mL, 3.63 mmol) was injected dropwise into a stirred
and cooled (0°C) slurry of purified cuprous fodide (461.0

mg, 2.420 mmol) in THF (15 mL). Ten min after the end



of the addition the pale pink solution was cooled to =50°C.
The enal (147.4 mg, 1.19 mmol) in THF (1 mL plus 2 x 1

mL rinse) was added (main portion added over 5 min). The
temperature was then allowed to rise to 0°C over 1 h andw
kept at 0°C for 1 h. The mixture was recooled teo -75°C
and quenched by general procedure (F) with chlorotri-
methylsilane (0.6 mL), triethylamine (0.75 mL), and HMPA
(0.4 mL). The cold bath was removed and the mixture was
worked up in the usual way. Kugelrohr distillation (120°C,
10 mm) afforded an oil (204.4 mg) consisting (DEGS,

100°C) of (50a) and (50b)7%2 in the ratio of 20:80 as

well as two other unidentified substances. The latter
accounted for ca. 50% of the total product (VPC, rel.

peak areas).

Preparation of 1,2-Adducts.

1-Cyclohexylidene-2-propanocl (45b). Ether (10 mL) was

added to ethereal MelLi (1.52 M, 1.6 mL, 2.43 mmol). The

(45) (200 mg, 1.61 mmol).in ether (1 mL plus 2 x 1 mL

rinse) was injected (main portion added over ca. 2 min).

The mixture was stirred for 2 h at 0°C and the reaction
was then quenched by addition of saturated aqueous

ammonium chloride (20 mL). The product was extracted with



ether and the solution was dried and evaporated. Kugelrohr
distillation (140°C, 10 mm) of the rgf%due gave (45b)
(205.2 mg, 90.8%) as an oil of better than 98% purity

(VPC, DEGS, 120°C). IR (film) 3300, 1668, 1050 cm 1;
NMR (CDCl,, 200 MHz) 6 1.22 (d, J = 6.8 Hz, 3H), 1.3—

2.3 (m, 11H), 4.60 (m, 1H), 5.15 (m, 1lH); exact mass

140.1199 (calcd for cgalso, 140.1201). Aanal. Calcd
for C95160: C, 77.09; H, 11.50. Found: C, 77.34; H,
11.40. P

4-Methyl-3-nonen-2-ol (46b). The procedure for (45b)

was followed using 3-methyl-2-octenal (46) (109 mg, 0.777
mmol) in ether (1 mL plus 2 x 1 mL rinse) and ethereal
MeLi (1.52 M, 0.8 mL, 1.216 mmol) in ether (7 mL).
Kugelrohr distillation (140°C, 10 mm) gave (46b) (108.7
mg, 87.5%) as a mixture (VPC, DEGS, 130°C) of E and 2Z
isomers of better than 99% purity. IR (film) 3320,
1665, 1060 cm '; NMR (CDCl;, 200 MHz) 6 0.88 (t, J =
7.5 Hz, 3H), 1.15—1.65 (m, 10H, incorporating 4, J =
6.25 Hz at § 1.22), 1.66 (d, J = 1.0 Hz, 2.25H), 1.68
(d, 3 = 1.0 Hz, 0.75H), 1.9—2.2 (m, 2H), 4.53 (m, 1lH),
5.16 (m, 1lH); exact mass, 156.1512 (calcd for C;0H200-
156.1514). Anal. Calcd for C,,H,.0: C, 76.86; H,

10720
12.90. Found: C, 76.63; H, 12.86.
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[(3-Hethy1!3§éecen;2iyl)axy]trimethylsilgne (48b). The

procedure for (45b) was followed using 2-methyl-2-nonenal

(48) (mixture of isomers, 553.6 mg, 3.589 mmol) in ether
(3 mL plus 2 x 1 mL rinse) and ethereal MelLi (1.52 M,
3.55 mL, 5.396 mmol) in ether (10 mL). Kugelrohr
distillation (150°C, 10 mm) gave 3-methyl-3-decen-2-0l
(550 mg, 90%) as a homogeneous (TLC, silica, 1:5

ethyl acetate—hexane) oil. A portion (278.8 mg, 1.637
mmol) was dissolved in ether (10 mL) and chlorotri-
methylsilane (0.25 mL) and triethylamine (0.28 mL) were

added. The mixture was reﬁluxed for 2 h, cooled,

filtered through a pad (5 x 2 cm) of Celite and evaporated.

Flash chromatography over silica gel (2 x 18 cm) using -
hexane containing increasing amounts (1—20% v/v) of

ethyl acetate gave, after Kugelrohr distillation (140°,
10 mm), (48b) (101 mg, 25.4%) of better than 99% purity
(VPC, DEGS, 95°C). The material was a mixture (NMR) of
E and isomers in the ratio of 85:15. IR (film) 1080,

Poea

840 cm™1; NMR (CDCl., 200 MHz) & 0.08 (s, 7.65H), 0.09

3’
(s, 1.35H), 0.88 (br t, J = 6.7 Hz, 3H), 1.18 (4, J =
6.4 Hz, 0.45H), 1.20 (4, J = 6.4 Hz, 2.55H), 1.25—1.60
(m, 7H), 1.%7 (4, J = 1.0 Hz, 2.55H), 1.67 (q, J = 1.2
Hz, 0.45 H), 1.98 (m, 2H), 4.16 (g, J = 6.4 Hz, 0.85H),
4.72 (9, J = 6.4 Hz, 0.15H), 5.06 (br t, J = 7.0 Hz,

0.15H), 5.32 (br t, J = 7.3 Hz, 0.85H); exact mass,

e



242.2064 (calcd for C,,H, 0Si, 242.2066). Anal. Calcd
for C14H306512 C, 69.35; H, 12.47. Pound: C, 69.07;
H, 12.45.

The flash chromatography also afforded, after
Kugelrohr distillation (150°C, 10 mm), 3-methyl-3-decen-
2-0l1 (258.4 mg, 65.1%) as an apparently homogeneous (TLC,
silica, 1:5 ethyl acetate—hexane) oil: NMR (CDCla,

200 MHz) 6§ 0.88 (br t, J = 6.7 Hz, 3H), 1.2—1.5 (m,
11H, incorporating doublets at & 1.23, J = 6.4 Hz, ca.
2.5 H, and at 6 1.22, J = 6.4 Hz, ca. 0.5H), 1.62 (s,
2.55H), 1.70 (m, 0.45H), 2.00 (m, 3H), 4.18 (q, J = 6.4
Hz, 0.85H),. 4.77 (q, J = 6.4 Hz, 0.15H), 5.17 (br t,

J = 7.1 Hz, 0.15 H), 5.39 (br t, J = 7.0 Hz, 0.85H).

[(3- cyclchexylldene-z butyl)nxy]trlmethylgllane (49b)

The procedure for (45b) was fcllawed using B-Eyclc=
hexylidene-2-propionaldehyde (49) (634.6 mg, 4.591 mmol)
in ether (5 mL plus 2 x 1 mL rinse) and ethereal MeLi
(1.52 M, 4.5 mL, 6.84 mmol) in ether (25 mL). Work-up,
flash chromatography over silica gel (3 x 18 cm) using
1:10 ethyl aéét;te-ghexgne and Kugelrohr distillation
(120°c, 0.3 mm) gave 33§yclc£exylideneﬁz—butanéll(590
mg, 83.3%) as a homogeneous (Tch,gilicg, 1:10 ethyl
acetate-fhexane) oil. A portion (zéa mg, 1.426 mmol)

of this material was dissolved in ether (10 mL) and

[
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chlorotrimethylsilane (0.22 mL) and triethylamine (0.24
mL) were added. Theé mixture was refluxed for 2 h, cooled,

filtered through a pad (5 x 2 cm) of Celite, and evaporated.

o

'lash chromatography over silica gel (2 x 17 cm) using
hexane containing in&:eggiﬁg amounts (1—10% v/v) of
ethyl acetate gave, after Kugelrohr distillation (110°C,
0.3 mm), (49b) (91 mg, 28.1%) of better than 99% purity
(VPC, DEGS, 115°C). IR (film) 1078 cm™*; NMR (cpcly,
200 MHz) 6 0.07 (s, 9H), 1.14 (d, J = 6.3 Hz, 3H),
l1.4—1.6 (m, 6H), 1.60 (8, 3H), 2.14 (m, 4H), 4.85 (q,

J = 6,3 Hz, 1lH); exact mass, 211.1516 [calcd for
211.1518]. Anal. Calcd for

C,,H,,08i: C, 68.96; H, 11.58. Found: C, 69.02;

- The flash chromatography also afforded, after
Kugelrohr distillation (120°C, 0.3 mm), 3=cyclohexylidene-
2-butanol (145 mg, 65.9%) as a homogeneous (TLC, silica,
1:10 ethyl acetate—hexane) oil: NMR (CDCl.,, 200 MHz)

§ 1.21 (4, J = 6.4 Hz, 3H), 1.3—1.6 (m, 10H), 1.65 (s,

3H), 2.2—2.4 (m, 4H), 4.92 (q, J = 6.4 Hz, 1H).

3-Cyclopentylidene-2-butanol (50c). The procedure for

(ASbi was followed using 2-cyclopentylidenepropionaldehyde
(50) (132.1 mg, 1.063 mmol) in ether (1l mL plus 2 x 1 mL

rinse) and ethereal MeLi (1.80 M, 0.7 mL, 1.26 mmol) in



ether (10 mL). Kugelrohr distillation (85°C, 0.5 mm)
gave (50c) (131.7 mg, 88.3%) as a homogeneous (TLC,

silica, 1:10 ethyl acetate—hexane) oil. IR (film) 3330,

1

1072 cm ~; NMR (cocly, 200 MHz), 6 1.20 (4, J = 6.8 Hz,

3H), 1.3—2.6 (m, 12H), 4.63 (q, J 6.8 Hz, 1H); exact

mass, 140.1202 (calcd for CQHLGD? 140.1201). Anal.

Calcd for C9H160: c, 77.09; H, 11.50. Found: C, 77.25;

H, 11.58.

l-Cycloheptylidene-2-propanol (51b). The procedure for

(45b) was followed using cy;i@heptylidenegcetaldehyde
(51) (246.5 mg, 1.784 mmol) in ether (1 mL plué 2 x 1 mL
rinse) and ethereal MeLi (1.52 M, 1.80 mL, 2.736 mmol)
in ether (15 mL). Work-up and flash chromatography over
silica gel (2 x 20 cm) using 1:5 ethyl acetate—hexane
followed by Kugelrohr distillation (110°C, 0.3 mm) gave
(51b) (205 mg, 75.2%) as a homogeneous (TLC, silica, 1:5
ethyl acetate—hexane) o0il of better than 99% purity
(VPC, FFAP, 150°C). IR (film) 3330, 1652, 1053 cm™};
NMR (CDCl,, 200 MHz) § 1.23 (4, J = 6.0 Hz, 3H), 1.3—
1.9 (m, 9H), 2.15—2.45 (m, 4H), 4.57 (m, 1H), 5.21 (m,
1H); exact mass, 154.1358 (calcd for clOHIEG' 154.1358).
Anal. Calcd for C, H, O: C, 77.86; H, 11.76. Found:

10718
]
C, 77.84; H, 11.67.
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{[3(2-Methylcyclohexylidene)-2-butyl)oxyltrimethylsilane

(525) The procedure for (45b) was followed using

(E—methyl cyclohexylidene)-2-propionaldehyde (52) (787.0

mg, 5.177 mmol) in ether (5 mL plus 2 x ) mL rinse) and

ethereal MeLi (1.50 M, 6.9 mL, 10.35 mmol :fn ether
(25 mL). Xugelrohr aistillaticn (110°c, 0.3 mm) gave
3-(2-methylcyclohexylidene)-2-butanol (761 mg, 87.5%) as
a homogeneous (TLC, silica, 1:5 ethyl acetate—hexane)
oil: NMR (CDClB, 200 MHz) 6§ 1.0—1.3 (series of B over-
lapping doublets, 6H overall), 1.3—3.2 (m, 12H), 4.80—
5.05 (m, 1H). A portion (421.2 mg, 2.50 mmol) was
dissolved in ether (10 mL) and chlorotrimethylsilane
(0.38 mL) and triethylamine (0.42 mL) were added. The
mixture was refluxed for 2 h and worked up as described
for (49b). The crude product was purified by flash
chromatography over silica gel (2 x 18 cm) using hexane
ecﬁtaininq increasing amounts of ethyl acetate (1—20%
v/v). Kugelrohr distillation (160°C, 10 mm) gave (52b)
(200.5 mg, 33.2%) of better than 98% purity (VPC, DEGS,
115°C). IR (film) 1252, 1085 cm™}; NMR (CDC1,, 200 MHz)

§ 0.088, 0.079, 0.044, 0.041 (four singlets, 9H overall),

(¥, ]

0.95—1.2 (series of B8 overlapping doublets, 6H overall),

1.2—3.0 (m, 12H), 4.75—5.00 (m, 1lH); exact mass,

240.1907 (calcd for 214H28351 240.1909). Anal. Calcd

or C;4H28651=, C, 69.93; H, 11.74. Found: C, 70.18;

L)
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The flash chromatography also afforded, after
Kugelrohr distillation, the starting alcohol (240.9 mg,
57.2%) as a homogeneous (TLC, silica, 1:4 ethyl acetate—

hexane) oil.

(2—(435;BgB!4aiﬂethy;decahydranaphthylidene)122—pr§panal

(53b). The procedure for (45b) was followed using (53)
Eils_i mg, D;??l mmél)riﬂ ether (1 mL plus 2 x 1 mL rinse)
and ethereal MeLi (1.52 M, 0.75 mL, 1.156 mmol) in ether
(10 mL). Work-up, flash chromatography over silica §ei

'x 18 cm) with 1:8 ethyl acetate—hexane and Kugelrohr

(XY

(
distillation (160°C, 0.15 mm) gave {53b) (124 mg, 77.2%)

as an apparently homogeneous (TLC, silica, 1:8 ethyl

FFAP, 210°C). The material was a mixture (NMR) of 4
diastereoisomers. IR (film) 3330, 1660, 1055 cm !; NMR
(29613g 200 MHz) & 0.9—2.5 (m, 22H, incorporating 4

sharp doublets with J = 8 Hz at 6'1.240, 1.230, 1.222

and 1.220, and 2 singlets at § 1.032 and 1.026, all of
comparable intensity), 4.58 (m, 1H), 5.11 (br d, J = 8 .

; 0.5H); exact mass,

Hz, 0.5H), 5.22 (br 4, J = 8 H
208.1829 (calcd for Cllﬁzic' 208.1827). Anal. Calcd

for C, H,,0: C, 80.70; R, 11.61. Found: C, 80.74;
H, 11.54. f .

4



Reaction of cyclohexylideneacetaldehyde (45) with Me,CuLi

in ether—pentane. General procedure (D) was followed

- using (45) (136.3 mg, 1.098 mmol). The enal was added

at =75°C to the solution of HézéuLi and the reaction

mixture was stirred at this temperature for 2 h. The
temperature was then allowed to rise to -40°C over 2 h,
the cooling bath was removed, and the reaction was
quenched by rapid injection of saturated aqueous ammonium
chloride (10 mL) with stirring. Usual work-up and
Kugelrohr distillation (130°C, 10 mm) gave a product

(105 mg, 68.2%) that was comprised (NMR, 200 MHz) of

(45a) and (45b) in the ratio 87:13.

Reaction of cyclohexylideneacetaldehyde (45) with

HESCuBLiZ (0.5 equivalents) in ether. Procedure (A) was

used, except that only 0.5 equivalent HGSEuBLif were

2
employed in ether (10 mL). Enal (45) (127.2 mg, 1.024 mmol)

was added to the cooled (-75°C) solution of HESCu3Li in

2
ether. After 2 h at -75°C, the temperature was allowed

to reach -40°C over 1.5 h, and then the mixture was quenched

with aqueous saturated ammonium chloride (10 mL) and worked
up as usual. Kugelrohr distillation gave the product

(93.8 mg, 65%) comprised of (45a), (45b) and (45c) in a

ratio (VPC, DEGS, 140°C, relative peak areas) 91.5:1.5:7.

The ratio was confirmed By the NMR spectrum (CDC13i 100
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MHz) of the mixture, in which the presence of (45c) was

established by comparison with the spectrum of an authentic

i S 6le
sample, prepared according to the 1iteratufg!’lg

Reactions of cyclohexylideneacetaldehyde (45) with

methylcopper. To a stirred, cooled (0°C) slurry of cuprous

iodide (570 mg, 2.99 mmol) in dry ether (15 mL) under a
nitrogen atmosphere, methyllithium in ether (1.8 M, 1.50
mL, 3 mmol) was added over 5 min. The orange slurry was
then cooled to -75°C and (45) (316.2 mg, 2.546 mmol) in
ether (2 mL plus 2 x 1 mL rinse) was added (main portion
over 5 min). The mixture was stirred at -75°C for 1 h,
then the temperature was allowed to reach -10°C over

3 h, the bath removed, ané saturated agueous ammonium
chloride (10 mL) was quickly injected. Usual work-up and
distillation gave the product (232 mg, 54% corrected
for recovery of starting material) comprised (NMR, 100

MHZ) of unreacted (45) (50%), (45a) (33%) and (45c) (17%).

Decarbonylation attempts on (l-methylcyclohexyl)acetaldehyde

(45a) .

(1) A dry one-piece apparatus was used consisting of a 25 mL
round-bottomed two-neck flask fused to a reflux condenser.

The necks were fitted with rubber septa, and the flask



'Eontained a hAgnetic stirring bar. Tris(triphenylphosphine)-
rhodium (I) chloride (656.0 mg, 0.709 mmol) was introduced.
The system was alternately evacuated and filled with argon

(3 cycles). Dry, degassed acetonitrile (15 mL) was injected,
followed by (45a) (99.2 mg, 0.707 mmol) in acetonitrile

(1 mL plus 2 x 1 mL rinse). The mixture was then stirred
and refluxed under argon for 90 h. VPC was used to

analyze the mixture (APIEZON L, 75°C for 2 min, then
increased at a rate of 30°C/min to 150°C, n-decane as
internal standard). 1,l-Dimethylcyclohexane (55)

(identified by VPC comparison with a commercial authentic
sample) was obtained in 9% yield. The starting material,

(45a) was present in 80% yield.

" (ii) The reaction was run in a similar way using
tris(triphenylphosphine)rhodium (I) chloride (461.1 mg,
0.498 mmol), (l-methylcyclohexyl)acetaldehyde (45a)

(179 mg, 1.276 mmol) in distilled, degassed benzonitrile
(3 mL). After 16 h, VPC analysis revealed 20% yield
(based on the rhodium reagent) of 1,l-dimethylcyclohexane
(55) and 60% unreacted (45a) (APIEZON L, above conditions,

n-decane as internal standard).

Reaction of 3-isobutyloxy-5,5-dimethyl-2-cyclohexen-1-

one (56) with MegCujLi,. General method (B) for reaction

of enals with HQSCu3L12 in ether—pentane was followed



using 3-isobutyloxy-5,5-dimethyl-2-cyclohexen-1l-one (56)
(180.6 mg, 0.920 mmol). The enone was added to the
cold (-50°C) ;élutian of HQSCusLi; and the mixture was
allowed to reach 0°C over 1.5 h, kept at Dig for 30 min,
and quéhched with acetic acid according to procedure
(E). Usual work-up and distillation (Kugelrohr, 95°C,

0.02 mm) gape unreacted (56) (170.9 mg, 95%), of better

|t

than 98% purity (VPC, DEGS, 170°C) and identical (NMR)

with a sample of starting material.

Reaction of 1,3~cyclohexadiene monoepoxide (57) with
HEECuLii To a stirred, cooled (0°C) slurry of cuprous

iodide (622.8 mg, 3.270_mmol) in dry ether (10 mL),

methyllithium in ether (1.56 M, 4.20 mL, 6.540 mmol)

was added under nitrogen over 5 min and, after a fufthe:
26

=

5 min at 0°C, 1l,3-cyclohexadiene monoepoxide (57) (147.9

mg, 1.539 mmol) in ether (1 mL plus 2 x 1 mL rinse) was
added over 5 min. After 30 min at 0°C, cold, saturated
agueous ammonium chloride was added (10 mL), followed by
more ether (30 mL). The organic phase was separated,
washed with brine (50 mL) and dried (Hazsoé). Evaporation
and Kugelrohr distillation (120°C, 10 mm) gave the product -

(138.2 Mg, 80%) containing the known mixturelog

of
3-methyl-3-cyclohexen-1-ol (57b) (45%), 4-methyl-2-

cyclohexen-1-ol (57a) (45%) and 3-cyclohexenonf§ (57c) (10%),

(=
w
[V ]
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as shown by NMR (CDCl 200 MHz) and VPC (DEGS, 120°C). The

3i
mixture had NMR (CDCl., 200 MHz) & 0.95 (d, J = 7.0 Hz,
1.35 H), 1.08 (4, J = 6.2 Hz, 1.35H), 1.15—2.35 (m, 5.7H),
2:48 (m, 0.2H), 2.90 (m, 0.1H), 3.4 (m, 0.45H), 4.18 (m,

0.45H), 5.35—5.95 (m, 2H).

Reaction of 1,3-cyclohexadiene monoepoxide (EZ) with

Mes 3

iodide (903.5 mg, 4.744 mmol) in dry ether (15 mL),

Cu Liz. To a cold (0°C), stirred suspension of cuprous

methyllithium (1.56 M, 5.05 mL, 7.907 mmol) was added
under nitrogen over 5 min and, after a further 5 min at
0°C, 1,3-cyclohexadiene monoepoxide (éz) (143.5 mg, 1.493
mmol) in ether (1 mL plus 2 x 1 mL rinse) ‘was added over
5 min. After 30 min, Wwork-up as in the reaction with
Me,CuLi, followed by Kugelrohr distillation gave the
product (131.8 mg, 79%), consisting (NMR, VPC, as above)

of a 4.5:4.5:1 mixture of (57a), (57b) and (57¢),

respectively.

(=
W
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