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\ ABSTRACT S . R -
vThis thesis deals withlthree Segtioﬁs: tﬁe deoxyééna—ll
:,tionlof sulfoxides using seiéﬁidm—phosphofﬁs and‘seLéniuh;f

bbronbﬁeagénts; the preparatibn of séienoéceﬁals Qsi;g

_Selépium—boron reagents; and the deQxygenatioA of epoxiaésf;v

by means’of a tellurium:phosphorus reagent; ﬁ, ' _ . '; | S
_g)ngiéthyl hydrogenphosphdroselenbé;e (I% was:foundlﬁ 'f; riﬁ

to reduce simple aliphatic sulfoxides efficiently into

»

sulfides, the reduction requiring two moles of (1) ﬁér& L
. '\ . | -‘ . \1
o wu“v ‘ * : - - 4
Eu}\B |
-y :
| mole of sulfoxide. The neat byproduct, bis(Q,Q—diethyl ' : s

phosphoryl) diselenide (2) was found to slowly reduge

dimethyl sulfoxide to dimethyl sulfide. The reductions

with (1) were slow for hindered and aryl sulfoxides,
Tris(phenylseleno)borane (3), tris(methylseleno)borane

(4), and 3,5-di-n-butyl-1,2,4,3,5-triselenodiborolane (5)

é(Se¢)3 49 .+ B(SeMe),
(3 (4)

?Bg’igse\\B:éBf

‘e—-Se
(5)

were all found to be very éffective’ for the reduction of

sulfoxides to sulfides. (3) gave high yields of diphenyl-

and di—E—butyl-sulfidg from~the-respectivé sulfoxides, -~ - -
selectively reduced é R-keto sulfoxide to therB—keto

¥ -

I iv
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sulfi level and. gave a hlgh yleld of v1nyl sulfide
from a 1nyl sulfox1de, although the 1atter occurred with

loss of tereochemlstry.

~Selenoacetals (6) were prepared from (2) (for (g),
,R";\¢) in the éresence of a sma}i'amOunt (1 = 15%) of
//l<SeR, St eSeR'"
o~ oo ) G

1 . . - .
- MSeR' -~ NoMe

L W .
trlfluoroacetlc acid (TFA) with allphatlc and aromatch%‘

ketones and aldehydes ngher ylelds were obtalned by a

TFA catalyzed acetal exchange reaction w1th the corres-

",‘ pondlng oxygen aCetals; in the absence of TFA, high ylelds

~'of the 1ntermed1ate mlxed ‘oxygen- selenlum acetals ((7),

iy

‘R' = ¢) were isolated and characterized. Excellent yleldsA

4

_of selenoacgetals ((6), R' = Me) were isolated from aliphatic

{ ) .
' and aromatic ketones with (4) and a~small~amount of TFA,

&

‘but (4) was found to be inferior to (3) for the preparation
of selenoacetals of an aliphatic aldehjde. An a,B-
unsaturated ketone gave a low yield of unsﬁable seleno-

acetal with (4).

-

thhlum 0,0-diethyl phospho otelluroate ((8), X = Li)
‘~1n ethanol stereospec1f1ca11y de xygenated ‘epoxides into
/

. /
olefins with retention of configuration. (8). was a much ,
superior epoxide deoxygenation reagent to the analogaus

A S - , —_— , ' |
selenium reagent (9). The reagents are readily accessible



“ I's
",' ~ Vo | ‘,\\ : “‘ ' » L
N \ ] co LS .
. (EtO}yPiTe xt (EtoysPSeNa - (EtO},P” X
S (8) f ..' (2) . ‘; . (Lg);

N
¥,

from the reaCthD of the phOSphlte lO) in ethanol or,
preferably, THF; however, the deoxygenatlon does not occur

'1n THF - The deoxygenatlon was found to be catalytlc 1n‘

-.tellurlum when a“ tellurlum termlnal epox1de mixture w S

TN
’treated w1th an ethanollc solutlon of (10); 'st01chlometrlc

amounts of tellurlum were requlred for internal epoxides.
; Of the three cations tested (pota551um,>sod1um, llth1Um),
llthlum was superlor . The deoxygenatlon was selectlve

for terminal epox1des in . the presence of lnternal epoxides,:

and selectlve for (2)- epox1deslin,the presence of the (E)-

lsomers. 4
N

‘1 vi
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uThe organic chemistry of selenium has been dominated v

4

by the use of selenium dioxide for allyllc hydroxylatlon
LI '

a,

and alE dlone formatlon,l ~rand the use of selenlum

metal for dehvdfogenatlon and olefin 1somer1aatlon.
In 1973 it was dlscovered that trlphenylphosphlne

selenlde converts epox1des stereospec1f1cally 1nto
olefins in the presence of a01d2 (eg. (1)),

H _ -3
(1)

R
" but the major use of selenium in organic synthesis has
 centered around ‘the selenoxide fragmentuation for the

3

'~preparation of olefins” (eaq. (2)).

‘/Sengl_oja

In re}rosﬁect, some of the recent'developmentgvof

'S

organic transformations ueing selenium'couid have come
from direct analogy with known sulfur reactionxmechanisms.
The deoxvgenetfoh of epoxides usiﬁg—triphenylphosphine
selenlde was developed as a direct result of the obser-
vation that epoxides are stereOSpec1flcallv converted
~into eplsulfldesfby treatment w1th a phosphine sulflde

in the presence of acid4§togetherswith the knowledge,

from the spectroscopy literature, that episelenides

-
N



are very unstable. (eg. (3)):. The syn élimrnation
H " ) H v ) ‘ i H+ 4
ﬁ:f£?>\i§+-.8u3P=S-—e—e> (3)
R . R » , \
\\

of selenoxides nas predlctable from the.well studled
sulfoxide fragmentatlon,s although the merit of the
selenld% processes was not recognlzed for many years
The ourrent popularity of the selenrum reagents arises
from the facility of their reaotions compared to the -
sulfur‘processes. | )

| I would first like to discuss some relevant”sulfur'l
chemistry and its use forvdeoxygenatingvorganlc com- .

. N
pounds before entering into the selenium and tellurium

reagents. )
. N
Sulfur compounds have beeﬁ)w1dely used for organlc'
deoxygenatlons, frequently by exchange of sulfur from

*another atom (X) that forms a strong bond to oxygen

(eaq. (4)). The most common atoms used with sulﬁur“ln‘-

. . . PR G \

S—X + R0 —> SR + Xm0 (4)

~this context are boron, phosphorus, silicon and aluanum,‘

©
which have the oxygen bond strengths shown 1n\Table I.

Carbon and hydrogen bond strengths w1th oxygen have been
included for comparison. B

N
Boron sulfur -¢ompounds -are- extremely unstable in

the presence of m01sture,8 but have found little use
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K
TABLE I. SOME OXYGEN BOND STRENGTHS
Bond ' . Strength
(kcal/mole)
B-0 (Boron esters) - ‘ 1256 ,
si-o (sioy) . Co111®
o - o : 6 -
P-0 (P4O6 T o 88‘:
P=0 ' PR - ~140
€-0 (Organic) R ‘ o 856 ,
C=O'(Ketones) ._‘ N 1796
Al-O L ‘ _  Not available
, H-0 (H,0) R o oan®

in organic synthesis. Boron sulfide has been shown .

to:déoxygenate ndnfenolizab1e aldehydes to give

9

trimerized thioaldehydes” (eq. (5)) ané?to deoxygenate

sulfoXidele (eq.-(G)).‘_Alkylthioboranes‘react with
s geo— s CTYL
BZSB_ + @CHO ———> - ! + 5203_ (5)

| ¥

i o 3
" s

-

. fn ) . .
B%3 + N ——= BN+ B0, (6)

acids to .give high yields of thioestersll (eq;7(7))»énd

ka

‘ o o { | -
. B(SEt); + RCO,H ——= RCSEt  (7)

Lo
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¥ ,
with aldehydes12 and‘ketone.s13 ﬁo give good to excel-

leﬁt‘yields of thioadetals (eq. (8)).

/5 ~ .
X=Cl,g . </S : .
. ’ " @
The use of phosphorus-sulfur reagents for brganic

-~

deoxygenation has been much more extensive. Phosphorus-

pentasulfide has been used for the deoxygenation of
i l4a » _14b

acetamide™ (ea. (9)), ketones and esters (eg. (10)), - :
O v -‘S .
, /KNH2 PRS0 —> ,__/U\NHZ (9)

P ' s j\ 10
g Nr * P4S1p . g >r o (10

.biCyclic ethersl4c (eq. (11)) and sulfoxideslo’l4d

o R g
‘!Q’ o P4310 5
e _
2)

‘The use of trlalkylphOSphlne sulfldes for

{eg. (1

1] .
SN PSS, T BN (12)

the deoxygenation of epokides has been noted (eq. (3)).
Trialkyl thiophosphites do not appear to be active
deoxygenation reagents; the only example in the

literature is for deoxygenatlon of dlmethyl sulfox1de,15 "

. ~



a reaction that reqdirés high temperatures, and takes
place without cleévage of a phosphorous-sulfur bond

(eq. (13)).

9 160-170°

P(SAr)3 + SN, T SN 4 O=P(SAI')3 (13)

-

It was not until 1974 that the abilityv of silicon-
sulfur compounds to effect deoxygenations was shown

by Mukaiyéma, using trimethylsilyl ethylthiolate,to

l16a

deoxygenate o, B-unsaturated acetals (eq. (14)), and

. Me ) - _THF '
\\rff\\ré; + (Me) 3SiSEt + Alcl, oo = wqft (14)
. OMe SEt |

2

165 (eq. (15)), both reactions (14) ang (15)

esters

0

. 0 '
. . THF
//ﬂ\OR+-(Me)3slsEt + alcl, QEEI§;€> //ﬂ\SEt (15)

requiring equimolar amounts of aluminum chloride.
Evansl7aha5'since shown that trimethylsilyl alkylthio-
lates efficiently convert aldehydes into thioacetals

in the presence of trace'amounts.of cyanide ion (eqg. (16)),

)
j

O : - SR
: CN “ 7.
R'/M\H * RSSi(Me); oo g A (16)
1 - 17 Ysr
and ketones into thiocacetals with catalytic amounts of

Lewis acid (eq. (17)). Silicon sulfidel® (eq. (18))

AN



)

o \* Znlg or . SR o 8
.//J\\ * RSSi(Me); -2 °% SR (17"
A1C1

- 0
) I
sis, + S T > SN (18)

and disilthianesl7b (eq."gl9)) have been shown to de-

0
1]

Me3Siss;Me3 + /15\\ ————ié P (19)

/

OxXygenate sulfoxides. ¥

Aluminum-sulfur compounds have only recently been
investigated; the few literature examples indicate that
- they constitute a powerful see of deoxygenating re-
agents. Corey showed that'bis(dimeéhyfaluminum)Al,2—

ethanedithiolate converts lactones into dithiolane

ortholactones18a (ea. (20)) by way of a readily isolable

ketene thloacetal 1ntermed1ate18b . Lactones

0

O-'K+ (Me) ,ALEN_~5A1 (Me) ,—> o sﬁ_} N - (20)

N
\
\\\\ b . \\\\
. R llll“ N\

. ()

18b,19a are also converted into thloesters

and esters

by dlmethylalumlnum alkylthiolate reagents (eq. (21)).

0O 0
(Me) ,ALSC (Me) 5 + o ANoue — > R)\SC(MQ)3 (’2})

Until the work described in this the51s was under-

@
taken, the use of boron-selenium reagents for organlc

6



transformations had not been reported.

1

Selenium-phosphorus reagentsﬁhave feceiVed consider-
" able attention. The earliest work to héhtion tﬁé

ab;lity of seleniﬁﬁfphosphorous compounds to deoxygéhate
was by Mikolajczykzo who showed that,Q,Q—dialle |

hydrogenphosphoroselenoate (2) converted dimethyl

sulfoxide into dimethyl sulfide (eqg (22)). Contrary
W Q- 9 -
] : L
+ 22 ’
(RO) ,PSeH  + S ———= (RO),POH + S\t se (22) -

(2)

to the analogous sulfur reagent in equation (12),
phosphpruspentaselénide_(P4Selo) has been shown to be -

inert to sulfoxides.lO

Triph%nylphosphine selenide
undergoes a similar reaction to the analogous sulfur
reagent in equation (3), with the added_advantagelof a

spontaneous extrusion process from the episelenide

intermediate (3), resulting in a one-step method for

converting epoxides into olefins2 (eq. (23)). This -
W o/
+ =S .
R R

3) " -
reaction will be discussed in detail later. Finally,’

Griecd21 has developed a method for deox&genating
primary alcohols using a tributylphosphine-selenide
complex (4) that is generated in situ from the reaction

of selénocyanates with tributylphosphine (eq. (24)).



{

: , - IR ' + -

ArSeCN .+ BuB? ——> ArSepP, Bu3QN + RCHZOH‘———eyV
R o @) :
Arse” “cn, Obtmy. |

r e_ g 2—OP Bu3 + HCN ——~——5> ArSeCHzR\ (24)

R . :
There have been only two reports in the literature
on the use of 5111CQ? selenlum reagents - It has been

_observed ‘that . tr1methyls1lyl~phenylselen1de reacts
quantltqtlvely with alderdes and most ketones by
51mple addltlon to glve O—(trlmethy151lvl)monoseleno-

acetal (g) 1n the presence of catalytlc amounts of

zinc chlorlde or trlphenylphosphlnezg‘(eqr»(25)); but '
. : V. : 0S iMe3
)/R\\' +‘;MeéSiSe¢ chl2‘?§> ‘AnSeﬁ'(25)
I T e \\

. _3)
_Kriéf\has:found that high yields‘of'selehoacetals
are avallable from aldehydes and Yetones and seleno—

methyl or selenophenyltr1methyls11ane 1n the presence

of half an equ1valentvof alumlnun;ﬂchlorldez3 (egq. (26)).

SeR

RSeSiMe, ;/ﬂ\\ 59555%> ) "nSeR  (26)

R=Me, ¢ B « 3

Only one reference to the use ofsa.selenlum—
alumlnum reagent has been made in the literature. Di-,
Sk
methylaluminum methylselenlde has ‘been used to convert
esters'inte selenomethyljgéters in high yield24

(eq. (27)), in'a'réaction directly analogous to the



o . 0 o : 0’ '
MepalseMe + M op —— //#\SeMe
.sulfur process of eqoation (21) .

| v ‘
Deoxygenation of Sulfoxides
] P4

Sulfoxides possess qseful properties that maker
them important intermediates in various %ynthetic
transformatlons, but the successful appllcatlon of "these.
procedures generally 1nvolves conversion to the sulfide
at some stage One of the most useful propertles of
sulfoxides is the ac1d1ty of the ‘protons alpha to
sulfur, and the high nucleophilic character of -the
alpha-metallated species. Tﬁe first eynthetically imoor—
tant study of these reaotioos was made by Corey,?5 who
‘showed that the methylsulflnyl carbanion (6), generated
in dry dlmethyl sulfox1de by sodium hydrlde, was readlly
acylated by esters (eq- (28)) and alkylated by ketones
and aldehydes (eg. (295); DurstZGJobserved tﬁat'the

0]

: @ . o q
/kOR + //S\CH2_N8+—T—__-,_> /\/S\ (28)

(6)

S -
: + “ — g SN (29)
2 CH, Na ‘
A (6)
lithium salts of sulfoxides regiospecifically open

epoxides (eq. (30)). ..Sulfoxide anions have also been



OH 2

shown to possess high regioselectivitf\in alkylation;
thus, beta-ketosujfoxide (7) was regioeelectively
mono- or dlaifvlate@,w1th methyl 1od1de ‘and sodium -

hydride  in dimethyl formamide?’ (eq. (31))

o ‘0 c ' DMF » 0

+ XCH,I + YNaH ———> 8
CH, (cﬂz>4)\/§\ 3 cu3(cnz>{_’\,<,m\ X=Y=1
DMF CH
@ \ K ?
‘ ‘ CH, (CH )/ﬁ\z/ s (3.
‘ H;CH3 x=y=2
The Successful apblicafion of. the use of sulfoxides
as alkyl synthons requires the removal of the sulfox1de
m01ety in the presence of sen51t1ve functional groups
The most oommon method involves aqueous tetrahydro-
furan solutions over aluminum amalgam. 25 Other mild
procedures con51st of reductlon of the sulfoxrde to

the sulfide, whlch can then be reduced w1th Raney

nickel, or lithium in amines.

- 3 ‘J . ’ y . .
-The major effort during recea} vears has concerned -

the reduction of sulfoxideslih the presence of sensi-
tive functional groups to produce the sulfide itself:
specrflcally in the pen101llln and cephalosporln:
sulfox1de area. Cephalosporln c (8) was dlscovered in

1953 and attracted 1mmed1ate 1nterest because of 1ts

.,

10



-eietant to pehicillins;29 Morln showed in 1963

effectiveness against organisms which had become re-
30a

-

the sulfox1de of penlclllln (9) was converted to the ~

pqrtlal cephalosporln structure (10) hy treatment w1th

catalytic amounts of toluenesulfonlc acid" in reflux1ng

xylene.(eq. (32)). The conversion was 1mproved to
‘ ’ . HH '
xylene : ol
rz reflux O/szﬁfj:j/s (32)
\)Ki o N~
. CO_Me :

ahMe' ' 4 2
9 ¢ 0] -

60% vyield, 30b,c but functlonallzatlon of the allyllc"
methyl group to form the naturally occurrlng acetogy
cephalosporin series could not be done by the usual
free radical teactions3la due to hreferential attack

at the C-2 position. It was found, however; that prior

conversion of the eephalosporin into the sulfoxide

" (11) gave only allylic bromination with N-bromo-

31b

succinimide and initiator and the bromo compound

i
was- readllv converted into the acet0xy cephalosporin

(ea. (33)). ,
3 ‘rj KOAC H; S
5 J_ (33)
, N F~~onc
coch cc13 | C02CH2CC13 . €0, CH,CCl 4 _

(11)

that

1
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Sulf0x1des themselves afe apparently readllv
reduced to sulfldes bv a wide ;eflety of reagents,
and th;s topic nas_recently been reviewed in a com-
prehensive manner. Thevmost‘common type of reaction
utlllzes a‘reaqent that can blnd stronglv with oxygen
to actlvate the $S-0 bond. In most cases, a tetra-
hedral intermediate (12) has been proposed to form,33
/folloQéd by nucleophilic attack atfthe thiophile, Y,

and cleavage of the S-0 and Y-S bonds, as represented

in Scheme I. This mechanism has been suggested for

Scheme I

\ o EE

SO+ XY —s +50X + Y 5 v-goX + XY —

(12)

'l _Y?@‘*xz > Y, + X, + §

/

the reduction of‘sulfoxides by hyvdrogen iodide,(k-= H,
34

!

Y.= 1), the only system to be studled in detail.
TheumOSt common actlvatlng agent used is the ’
proton (fn Scheme I, X = H);'in this context sulﬁ—

oxides have been shown to be reduced by ‘hydrogen

Chloride,35 hydrogen bromide,36 mercaptans,37

‘phenylselenol,38 carbothtoic acid,39 and mono- %nd
dithiophosphoric acids.40 Other agents have heen

used.to'activate'the S-0 bond, and these sulfide
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»produc1ng reactions probably also Droceed by a mechanlsm
similar to Scheme I ‘although the detalls have not
been studled.at thlS time. These reagents include

dcetyl chloride (X = Ac in Scheme T) with iqgide,4l

acetyl chloride by itself (X = AC,. Y = Cl),42 and

43
3

with iodide;44 trimethylsilyl bromideflSa and trimethyl- >

acéty1,bromide; trffluOroacetic anhydride (X = CF,CO-)

silyl iodide45 (X = T™B); and oxalyl chloride with
iodide.®
Low valent metal ions can also redubé sulfoxides,

and have been found to be highly chemoselective for

the S-0 bond32 (Scheme II).  The syntheticélly useful

Scheme IT

0. . : : +(n+lf

B - A +(n+2)
AN o+ o : —> //S\\ + MO
. S\\ '
* e
S s 47 48  °.«
examples include titanium(III), tin( II), mo}yb—% ,
‘denum(11) 4% ang vanadium(11) ,*° tungsten (111)°° aﬁdN;f

chromium(II)'.51

The reduction of sulfoxides can be accomplished
with métallic hyarides, but’thesewreagents usually
require activation Wlth akiow valent metal. Useful
. reagents that give high ylelds of sulfide under mild

conditions include dlchlo'roborane52 which was found:

to be highly seléctivevar splfokides, sodium borohydride

-



.with cohalt(II) chloride,53 and llthlum alumlnum
Ahydrlde wrth tltanlum tetrachlorlde 54
The most promlslng sulfox1de deoxvgenatlng re- .

Vagents, at least w1th respect to pen1c1lllns and cephalo~

.-sporins, are those contalnlng phosphorus Trlvalent

_phosphorus compounds have been shown to be readllv'
ox1d12ed by sulfox1desq»w1th the productlon of sulfldes;4
llberatlng phosphlne ox1des from phosphlnes,55a |
sphosphates from Dhospltes 55b,c and phosphorus oxy—'
chlorldes from phorphorus trlchlorlde 55d The mechanlsmb

of the reaction.has not been studled thoroughly but

that depicted 1n Scheme‘III haS~beenrproposed55c'd and’

A ; N, S o
C ot Dol A N
A Sve S\Rl“l*-_’:?,ﬁ/“w“ o S’

is consistent with the following observations: ' the

rate is inversely proportional to the eleétron donating

dbility of R;SSd the reactlon is: catalvzed by acid; >5a

and no P-Cl cleavage 1s seen for ‘the trlchlorophos—

phines tested. >5d Phosphorus trlchlorlde56a and‘

>6b,c convert cephalosporln S- ox1des 1nto :

/

cephalosporin, although the oxidation products were not

bromide

identified,‘ Phosphorus pentasulflde has recently beem

investigated, and has been found to deoxvgenate sulf-

14
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Y
oXidés.givihgvéoog yields of sulfides under mild
fconditions(57 and > 90% vields of peﬁicillin and cephélo—'
sporin from their respective S—oxides.l4d‘ The mechanism

- of this reaction has received little study.lo

The Phosphorus Selenium Reagent

0 it was réported that 0,0-diethyl hydrogen

In 1966°
phosphoroselenoate (13) ieacterith an eguimolar amount
. of dimethyl sulfoxide without sélvent‘to giVerdiéthylv
/;hosphate, diméthyl‘sulfide and sélenium»metal’b
(eg. (22)) in an exothermic reaction at 0°. The
proposed mechénism?o involved the formation- of an inter-
mediate (14 fdllowed by Cleévage of the phbéphorus— :

selenium bond ahd'formation of a sulfur-selenium double

»

bond (Schemé‘zz). We felt that this reaction deserved

AScheme Iv

: ? ? : : ) E , ?H v
EtO~ I - ! EtO~_ Sl
P + 85 —> \ R
EID/ \SeH TN ‘ EtO/»\Se N
(13)
1 — i K H
P S . —>  EtO L i- —_
Bto” Sse” N | &7
| (14)
0 S o —
Eto\g' i — S. + S
: e
B0 OH o N



. I ‘
' further investigation, not only as a,possible general

sulfox1de deoxygenatlon reagent that gives easily
removable byproducts (selenium metal and diethyl

phosphate); but due to-the unusual course of the re-

g

kection,
An analogous sulfur reagent, 0,0~dialkyldithio-

phosphoric acid (15), has been found to efficiently

reduce sulfoxides to sulfides, and ‘the reaction has

been studied in some detail.33C It j§s thought to

proceed by the mechanism 1n Scheme V based mainly on

——

Scheme V

n
O

H
| R
\ + S — > ‘\

| R s <N R0 \S/s\ * R0’

analogy with the hydrogen iodide reaction shown in
| ’ .
“Scheme'l and the ﬁuantitétive isolation of disulfide .

(16) from the reaction mixtures. The selenium mech-
anism of Scheme v was moSt'unusual in thet no diselenide
- . . ! .

i

_was represented.

16



Results and Discussion

The 0,0-diethyl hydrogen phosphoroselenoate (13)

‘'was ea51lv prepared according to the method of Markowskag

~

and Mlchals_kl58 from the sodium salt (l_)sg (eq (34)).
7 EtOH i om0
(EtO},PH + NaOEt + Se > (Et0+éPSeNa — (£ t0+}PSeH (34)
- (17) HCl (13)

We have found that theé ac1d a pale vellow oil that is
1solated in ca. 90%/yleld 1 acidification‘and extrac-

tion into diethyl ether, is quite‘unstable andvturns

dark yellow- orange on standlng overnlght. vHowever;

the sodlum salt precursor (l7) is a whlte crystallln

solid available in 86% yield frtmldiethylphosphite,

i and our observation.is‘that it'can'be storeq®? for

as long as one year with no notlceable loss in act1v1ty

or of yleld of the ac1d (13) | The a01d (13) itself A‘f>
can be prepared and ready for use in a few minutes, but \
should be kept under oil pump vacuum for- at least an
hour to remove traces of solvent 1f accurately measured
Guantltles are tO»be dlspensed

| For our 1n1t1al experlment with the- ac1d (13),

;we repeated MlkOlaJCZVk [ procedure20 using an egui-
'valent amount of dlmethyl'sulfoxide,-except that chloro; o
. form was emploved‘as a solvent Our observatlons were

contrary to Mlkola1czyk S, who reported an exothermlc

reactlon.and,lmmedlate depOSLtlon of selenium metal

S



‘no'change in the ratio of

18

“ .
using neat acid (13). and dimethyl sulfoxide. The

chloroform solution immediately turned“hright yvellow-

orange with the evolution of some heat, and then became
slightly turbid. The turbidity eventually cleared,

: «
forming a small layer on top of the chloroform, which

.fv we took to be water. (It was soluble in water and was

-

‘non-flammable.) The same reaction, done in an NMR

tube in deuterated chloroform,'éhowed, after thirty
minutes, two signals: a singlet-at¢2.69 due to dimethyl
sulfoxide and a singlet at §2.09 due to dimethyl

sulfide. 1Integration of the signals indicated the

- reduction to be 50% complete. On standing overnight,

.
4

dimethyvl sulfoxide to dimethyl

sulfide was observed by NMR. In another experiment,

Al

dimethyl sulfoxide was placed in an NMR tube with»200

mole per cent of acid (13); our observations were the

same as above, except that the reduction had gone

93% to completion after thirty minutes and 97% to

completion after one hour (based on %aﬁé?tation of the

dimethyl sulfoxide and dimethyl su}fidéésignals).
Finally, bis(0,0-diethyl phosphoryl)diselenide (18) was

prepared by oxidation of the sodium salt (18) with

iodine>? (eq. (35)). We found that a neat mixture of
‘ﬁ ] |
2 (EtOT‘ZPSeNa + 12 — > | (EtO)—'Z-PSe-}-2 + 2NaI  (35) &

(17) - (18)
S /



r
the bright yellow-orange diselenide (18) and dimethyl

sulfoxide after standing ove;night produced a.black
pfecipitate, presumably selenium metal, and an NMR
measurement of the reaction mixture showed that the
dimethyl sulfoxide had been reduced to dimethyl

sulfide to a large extent. Our‘results, sﬁmmarized

in Scheme VI, indicate that the reduction of dimethvl

)

Scheme VI

0
(o} It .
) Et°:>g\ + //g\\ —_— Eto:;g\ v S+ P (@)
EtO SeH EtO Se
(13) (18) 2
EtO - ﬁ : '
>§\ . /S\ S /S\ + Se + unidentified (b)
- e o phosphorus
ws) 2 compounds

sulfoxide with the acid (13) can occur bv two distinct
procesées in the presence of excess (in this case,
> 50 mole %) ;f suléoxide.* The first process (a)
is fast and is completely analogous to the dithio-
phosphoric acid reducti0n33? of sulfoxides shown in
Scheme V. We find the second process (b) to be quite
:slow, and do not,note it to any extent (aé judged by
the appearance of selenium precipitate) unless the

o _
reaction is done with neat reactants. We conclude

that Mikolajczyk's_procedhre'of using equimolar amounts

of the neat reactants (Scheme IV) resulted «in the

19
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+

N

releasc 'of enough heat froé process (a) in Sohemeﬁyz
togcause the second process (b), reduction of the
sulfoxide by the diselenide (18), to occur rapidly.

We next looked at the feasibility of using the

acid (13) as a general reducing agent for sulfoxides.

AN

Initially, the motivation behind our experiments was
that the reéuction would proceed as deoicted-in écheme
IV, with the bvproducts of the reactlon being readily
removed by flltratlon (selenlum metal) and extraction
into base (phosphoric acid). Unfortunately, the re-
duction of sulfoxides bv the dlselenlde (18) proceeded
too slowly for this to be a convenlent‘reductlve step,
so we settled for using two moles of acid (13) per mole
of sulfoxide, the problem beihg removal of the di-
selenide produced. We found that the diSeleoide was
readily decomposed by base to selenium metal and other
unidentified phosphorus products- the diselenide

could be removed convenlently by filtration of the‘
reaction mixture through a short alumina column, or

by washing methylene chloride solutions with 1 N sodium
hydroxide, or diethyl ether solutions with 0.1 N
 potassium carbonate. 5

. The reducoion of a variety of sulfoxides was
-studied, and the results are summarized in Table II.

It can be seen that the reactions are fairly rapid and

high yields of sulfide are obtained for the aliphatic
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~ﬁsu1foxidesﬁ(entries 1,2, 3, Table II). Two drawbacks
of the reagent (13) are: its sensitivity to electronic

.efﬁeéts,-asiseeniby the lower yield for'Eéfalyi
'méthyl sﬁlfoidé’(entfy Sf;and the prolonged.reaction'-
ﬁiﬁé ﬁeéded,for‘diphenyl sulfoxide‘(entry 4) ; and ifs
senéitiVity‘fo sﬁeric éffecté, as seen by the prolonged
'reaétioﬁttimefneédéﬁ for methyl t-butyl sulfoxide ’
(entry.7)taﬁd-iow-Yield of di-E#butyi sulfoxide (entry
| 8). The ﬁodést,yield for pentamethylene sulfoxide
:(entry 6) can be explained in terms of a steric effect;

34b

A decrease in rate was observed for the acid

catalyzed reduction of pentamethvlene sulfoxide by
iodide ibn, and it was proposednb that the ‘angle of

approach needed to form a tétracoordinate intermediate

(19) by iodide ion (X = I) is severely restricted by

-

interaction of the axial hydrogens (Scheme VII).: By

o

Scheme VII

the same reasoning, the reaction of (13) with penta-
methylene sulfoxide (X = ::E-Se) is expected to be
hindered.

Several promising reagents have recently appeared

22



| for the reduction of sulfox1des, and are summarlzed
in zgglg ITI. Of thése, the drawbacks of phosphorus—
pentasulflde, trlmethy151lyl 1od1de, and phenyltrl—
methy181lane are obv1ous . chhloroborane has been shown
to be qu1te selectlve for sulfox1des in the presence of
ketone ahd esters, but  a prolonged reaCtion time is
required tor reductionvof diphenYl sulfoxide. The
lithium aluminum hydride——titanium tetrachlorideisystemu
gives exoellentiyields for the sulfoxides noted, but its
seléctivity for sulfoxides has not been demonstrated
the trlmethyls11yl chlorlde sodlum 1od1de system also
,glves high Ylelds, but sterlc requlrements and selec— &
tivity 1n the presence of- ethers and esters remaln to
be demonstrated The trlfluoroacetlc anhvdrlde—-sodlum
iodide system is clearly a good reduc1ng agent, and
‘the reaction has been. reported to be 1nstantaneous at
0° for all examples tested its selectivity still needs
to be.shown. |

The hydrogen phosphoroselenoate (13) did not |
fulfill our erpectations forathe deoxygenation of
sulfoxldes; however, our observation of the nucleo- .-
philicity of the sodium salt (17) eventually led to
the development of a remarkable phosphorus tellurlum
deoxygenatlon reagent that will be dealt with later.
At present, we W1ll continue the dlscu551on’of

'

sulfox1de deoxygenatlon with a description of another

23 -
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selenium compound containing an atom known for the

CON

¢
_Strength of its bonds to oxygen.

The Boron—Selénium Reagents

Selenols have been shown to reduce sulfoxides
: . .

to Sulfide538 in a process (eg. (36)) similar to the
ZRSeH + /s\ —‘5’ (RSe‘)—Z + /S\ + H20 (36)

4

- _ | .
one shown in Scheme V. We had already found that tris-

(alkylseleno)boranes (20) were superior to selenol-
acid rﬁixturesz3 for the‘preparation'df alkylseleno-
acetals (21) 'from ketones, aldehydes and acetals

(eg. (37)), and it seemed reasonable that these reagents

. . : - SeR- : _-‘
B(SeR) 4 + /8\ —> ‘——Q.SeR + B,05  (37)
(20) - (21

- might work well for sulfoxides.

Results and Discussion -

We used gris(phenylseleho)borane (gg) for all our
initial work on the sulfoxide reductions. The borane
(22) is readily available in 74% yield as a pale yellow’
crystalline solid from the reaction of benzeneselenol,

62a,

with boron tribromide (eg. (38)). The reagent

(22) is easily'stored for long periods of .time, as lohg

AN
g

X

25



3 cs, |
3¢SeH + BBr - ((Se)

3, B (38)

3
(22)
as adequate precaUtions a£e taken to protect it from
atmospheric moisture.§3 We have found it conveﬁient.to
make traﬁsfers of thé:reagént (gg)finside a plastic
~glove bag flushed With dry nitrogen in‘oraer to‘prolong
écﬁivity. The borane (22) 'is very sbluble iﬁ chioroform
and‘methylene ghloride;'and these solvents were suitable
for all our reactions.
The phenylseleho—reageﬁt (22) reacts vigorously
with most sulfoxides; adéitioniof sulfoxide to the
borane solution produces a‘défk vellow colQr_accompanied
by a gelatinous preéipitéte and the evolution of heat.
The yéllow color was identified as béing due to di-
phenyldiselénide(gé) (by thin layer.chrométography)‘and
the precipitate was présumed to be an oxide of boron.
From this we éoncluded that the reaction‘procéeds
accbrding to equation (39).
2B(Se¢53.% 3'//3\\ _Eﬁfi;> B,0, +; //5\\7 + (Pseyr, (39)
(22) | B PEY

Upon completion of the reduction, the precipitate:
was éasily removed by filtration or washing with water.

Inlour early experiments, the diphenyl diselenide (23)

26



was removed by chromatography. Latey, however, we

found that the diselenide (23) could be removed more |
L® - =
conveniently by conversion to its anion (g@). Thus,

treatment of a methanol or benzene/methanol solution of

the reaction mixture with sodium borohydride until a

colorless solution was obtained6é (eq. (40)), and
k : MeOH or _ +
. (@se¥, + 2NaBH, ————>  2¢Se BH;Na-  (40)
' MeOH/¢H’ (24)

(23)

then immediate partitioning between pentane/water or
ether/water nearly quantitatively removed the water

soluble anion (24).

The sulfoxide reduction (eg. (39)) with bhenyl—'

selenoborane (22) was tried on a variety of simple mono-

} B
. and difunctional sulfoxides in order to test the power

and selectivity of the' reagent (ZZ); the results are

summarized in Table IV.

We concluded- that the reagent (22) is a poweffhl

sulfoxide reducing agent, as is indicated by the
excellent yield of dibenzyl'sulfide obtained under

¥

very gentle condiﬁions (entry la). More vigorous con-

[
[

ditions were needed for the reduction of diphenyl A
sulfoxide (ent;y 2) énd’di—g—butyl sulfoxidé (entry 3),
but the yields of sulfiées, as jqued by vapor-phase
chromatography with an inert intefnal standard, weré

excellent and good, respectively, with short reaction

27
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times”and mild- conditions.

The selectivity rof the phehylselenoborane‘reagent
(22) in the hresence of;carbonyls Was'doubtfﬁl, since
we had already observed that.the reagent (22)
deoxygenated aldehydes and ketones, although the presence
of ‘acid was requlred. Durst65 has reported that keto-
sulfoxides'can'be selecti&elykreduced to ketosulfides,

by treatment with methyl fluorosulfonate, followed by

sodiumaeyanoborohydfide and crown ether (eq. (41)) ;

T ?
. o s |
O - 1)rso,ocH, . 9 )
At 2% s (a1)
: N . S N
- n 2) NaBH 4CN, » —D
"18-crown-6 ' '
howeve{i e ﬁ;mdure is not applicable to beta-keto-

RN

sulfoxi ;f) as only the Pummerer reaction was
observedl ave found that the beta-ketosulfoxide

;(ZE) is c; ;y reduced to beta-ketosulfide (gg)d

L

(eq :Aexcellent yield (entry 5) by boron re-
agent
[ CHC1 |
' 5 o+ (Sed) 3 ,/”\»/ (42)
CsH3{ N T 3. C1sH37 ™ !
: (25) o (22), | o (26)

— — |
(25) was the only ketosulfoxide tested.
Prior to the work described in this hesis, none
of the sulfoxide deoxygenation‘procedures had been
applied to vinyi‘eulfoxides for the preparation of

vinyl sulfides. Vinvl sulfides are valuable synthdns,‘




Yy

‘which can be converted .into termlnal acetylenes by
trewtment w1th strong base566 (eq. (43)); and have been

: shown to. be deprotonated and alkvlated atha to the -
g /\R + T H—=—._§R (43)
. , NH NH2 =

. sulfur atom. - The latter process affords ketones67

(ea. (44)). Vlnyl sulfoxides are reported to bhe avall—
RlSCH=CHR2 + &-Bm + RX ‘—> Rls—(;=CHR2 HqCI /K/ (44)

sulfinyl)methvl anion (27) and pvrolys1s of the resultlna

bis sulf_oxide5 (ea. (45)).
0 o :

@-S o BS g e |
>—Na' * XCH, R ~—> O —> g/s\/fLR (45)
oy S g-s/. CH,R | '
i B o
0 (27) 0

(E)-1- (Phenylsulflnyl) -1- butene (28) was prepaﬁed

in the manner descrlbed above (eq. (46)), the pure sulf=
0 . . , ' '

O
ox§~e was identified as’ the trans isomer by ‘the coupling

constant of the vinyl protons (7 = 15 Hz). The

o reductlon of sulfox1de (28) w1th borane (22) went

.‘smoothly at 0° (eq. (47)), and a hlgh vield of the

sulflde (29) was 1solated (entry 4) However, althoﬁghl



6.2) were far too complex to represent onlv ‘trans

H

0 o : -
Q//S\T;$\\/”\\ + B(Sed)y;  —> g//s\\égéxQ//\e(47)

H

(28) S (29)

NMR spectrum of.(2 ) was COnsietent with the propose

structure, the 51gnals in the oleflnlc reqlon (6 5.7/-

isomer.68 Vlnyl sulflde, prepared by an alte nate route
69

fu51ng a Horner -Wittig reactlon (eq. (48)) was

~

)

, ‘ - L o) ‘ ' '
I . : :
_ ¢SvﬂP4OMe)>2 + NaH + H/U\/\ *9 /v\,\/\ (48)

. - (29)
physically and spectrally identical toethe,sulfide‘

product from?equation (47); the vinyl regions of the

a
g-

NMRhspectra of the products from equations (47) and
(48) were almost superimpOsable,'implying similar iso-

meric composition from the two reactions. We could

'bnot analyze the product of equatlon (47) because the

startlng sulfox1de (28) was very ‘difficult to make -

and 1solate, contrary to the literature clalms.5 JSince‘d»

-~

the sulfide (22)'from equation (48) wasyayailable5rh;’
iarger quantities than-the product'from the’bdrahe
reduction (eq. (47)’, the comp051tlon of (29)"from"
equation (47) was deduced from an analy51s of the

comp051tlon of the product from the Horner Wlttlg

reactlon (eQ. (48))

ii
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~Sulfide (29) (from equation (48)) was oxidized

by meta-chloroperbenzoic acid to a mixture of E (28)
— . 4 . : - -

and Z (30) vinylsulfoxides (eq. (49)) that were ecasily
CH,C1 A
2
S\A ¢ O3, A S
g/ AV N . -20° g,(SW\« + g o (49) °
(29) (28) (30°

separated by chromatography on alumina. The sﬁlfoxides}

which were obtained in almost equal amounts (75% over-

. all yield), were identified on the basis of the vinyl

coupling constants from the protbh NMR: for (28),

Jvinylic = 15 Hz; for@Q-)'J.vinylic

that the reduction of vinyl Sulfoxides'with phenyl-
70

= ?.5 Hz. We conclude

selenoborane (ggis not steredselective.

Since the publication of this work, a report

appeared on the stereospecific reduction of vinyl sulf-

oxides withrefhyl magnesium'brqmide/cuprdus iodidé68

(eq. (50)). Although high yields of sulfides were

\ .
o R Cul i
P + 3EtMgBr ——> g/sl - - (50),

reported, the feagent‘has yet to be tested on sulfoxides
containing G{iénard—sensitive functionalities.
It was reported, during our studies, that seleno-
methyl dimefthylaluminum (eq. (27)) converts esters
& ¢ !

into methylseleno-esters, and so we were curious to see

if the phenylseleno reagent (22) would undergy the

32
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same reaction. A chloroform solution of (22) was
inert to methyl palmitate (entry 6b) while still -possess-
ing the capacity to reduce dibenzyl ;ulfoxide (entry
6a) in high yield, 12 hours after addition of the ester.
Ironicall?, we found that selénomethyl dimethylaluminum
did not reduce dibenzyl sulfoxide.

Finally, the deoxygeﬁation of cephalosporin

B-sulfoxide methyl ester (31) (See entry .7, Téble IV) was

. o . {
attempted using the phenylselenoborane reagent (22). To

our surprise, the reagent (22) was completely inert‘to
(31) under the conditions used to deoxygenate di-t-butyl
sulfoxide (entry 3); more drastic(éonditions (prolonged
refluxing chloroform) caused decomposition of sulfoxide
(31), as judged by thin layer chromatography.

From our selenocacetal work we had found that
tris(methylseleno)borane (32) was superior in many
‘cases to the phenylselenobbrane reagent (22). for the
deoxygenatlon of aldehysés andAketones ' The reagent
(32) is readliy prépared in 70% yield from.aimethyl

diselenide (33), lithium aluminum hydflde, and boron

trifluoride etherate (eg. (51)). The reductlon of

(MeSey, + LialH, + BF3-Et,0 —> B(SeMe), (51)
33 | (32)

dibenzyl sulfoxide (entry 1b) by (32) ,required'more

vigorous conditions than were needed for the phenyl-

Fe
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seleno-reagent (22) (entry la); but the reaction (eq.

(52)) went smoothly, and (32) has the added advantage

c

(¢CH2‘)—2S=O + B(SeMe)3 —> (@C ,S + B2O3, + (Mese°f-2 (52)
' (32) ’ (33)

that the diselenide (33) is voiatile, and may be removed
easily from nonvolatile sulfides by evacuation. This
reagent (32) also failed to react with cephalqsporin
sulfoxide (31). Under vigorous conditions only de-
composition of the cephalosporin was observed.

For thé penicillin beta-sulfoxide series, it has"
been shown that there is a strong interaétion between

L L . 7 .
the amide proton and the sulfoxide oxygen; 1 a similar

interaction is probable for cephalosporin beta—sulfoxides

as shown for (34) in eguation (53). Kaiser56a has
. /‘(N,Hnm H
om\.__g k [Red] msa)
COZMe Co,Me
(33) (35)

)
found that cephalosporin ggggésulfoxideé aré readily
reduced only in the presence of "activating" agents,
such és acid halides (eq. (53)), and suggests that this
is:due‘to an initial reaction of the sulfoxide oxygen,
as represented‘by (35) Thus, a suitable reducing agent

for,cephalosporin beta-sulfoxides must‘initially break



the hydrogen-oxygen interaction shown in (34). It is

possible that the Lewis acidities of the‘reagents (22)

and'(gg) are too low for this purpose.

In order to continue the cephalosporinksulfoxideA
déoxygenation study, another boron-selenium-reagent
was investigated. B;S—Di;g—butyl—l,2,4,3,5—triée1enodi—

borolane (36) was readily obtainéd in'89% yield as a

brigﬁtiyellow liguid from selenium metal and‘tri—g—‘
butylborane72 (eq. (54)). The observation that the
sel
o hBu- B-nBu
nBu) , —2205, \ , (54)
N . se—S8e
(36)

deoxygenation of dibenzyl sulfoxide‘with (36) was almost
instantaneous at <60°, as judged by NMR, implied thét
(36) was easily the most powerful sﬁlfoxide'dedxygenation
*reagent that we had tested. However, the reduction
(eq.'(Sé)), is not nearly as clean as with the other

B3

(36) + (PCH7S=0 ——> [(BCHjr;S5<Se] ——> (PCHS + Se  (55)
S (37)

“two Boron reagents. (22) 'and (32). This can be seen
from the lower yield of dibenzyl-sulfide (entry 1lc).
No attempt was made to isolate any -byproducts.

Early in the investigaﬁion of the reduciﬁg ability
of (36), the observation was made that red selenium

immediately precipitated from the solution when dibenzyl

35
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sulfoxide ana (}_) were combined. - If, héwever, the
reaction (ed (55)) was done at low temperatures (< -30°)
a bright,yellow solution resulted; on warming (>Y;300),
red selenium pfecipitated as before. It occurfed to .
.us that the reactién (eq. (55)) Eould be going £hrough
an unstable selenosulfoxide intermediate (37) that
decompoées to sulfide and»éelenium metal on Warming.
Intermediates analogéus fo (37) have been postu-

lated for the deoxygenation of sulfoxides with phos-

phoruspentasulfide, boron trisulfide, and silicon

sulfidelO (eg. (56)); but the intermediate ¢38) has
i i | ‘
: ‘
N +,P4SlO —> //S\\‘ ——%>‘/,S\\ + S  (56)
(38) o
never been detected, the only evidence coming from the ///

observation of facile interconversion of allylic é%%

73

sulfides (eq.. (57)), and the ability to isolate

f

' S
' ’ I ‘ ¢
31\%44“\\/’§@~S/’\\g¢55‘R2 < > 4555\7/’8‘\/’Q§§«’R2
' ' ‘ R
l .
(39)
¢3p ~— 3 ~ (57)

P1P=8 + AN SR \L’T‘

Ra
(40) /\,/ N
R



allylic sulfides (40) from the allylic disulfides
by reaction of theipostolated intermediate (39) with

triphenyl phosphine, a reaction unknown forfdialkyl-

disulfides.73a

Our own attempts to identify the intermediate
' [}

(37) were also UnSUCCQSSfUIr'aS an NMR specrrum (100..
MHz) of the reaction (eq.v(55))vruo'at —GOO-eleerly
‘showed a singlet'at § 3.5 due to dibenzyl sulfide as
the only signal from benzylic protons. We concluded
that the two observed stéges of the reduction (eq.
(55)) were due to reactions of the reagent (36)

occurrlng after sulflde formatlon. :

The boron reagent(gg);did Suocessfully deoxygenate
A

fsulfoxide (eq. (58)), however the

aephalosporln be.”

results were not nearly as good as we would like (entry»

HH H ' - CHCl, HHH
: o 3 H N2
¢0/YN + nBu- Bji‘f—nBu .I.Q.f.lll; (60/\8/ Oj:;rj;\ (58)

COzMe .

(31) COZMe (36)

7

7) and it is clear that the vigorous condltlons needed ,
. for the reductlon (100% exq@ss of reagent (36) ,
chloroform reflux) and the prolonged reaction time

(2& h) resulted in extensive decomposition of the

-product_and/or the starting sulfoxide. o

37



Preparation of Selenoacetals

‘selenoécetals, represented by  (41) in equétion
(59)), have been known since 3926;74.bgt thesekcompodnds
have"only récently beén found to posses$-properties
' thatnmke them valuable 1ntermed1ates for organic trans-
formatlons

The efficient produétion‘Of the Seiegium stabilized
anion (42) from the reaction of é—butyllithium‘with

selenoacetals (ﬁl)‘(EQ- (59))>has been known since

| .
~~SeR. + nBuLi = —> o (59)
VR2 ‘ e _ - Ry SeR
- (41 , T (42)
R =@, alkyl | o
,RZ;H; alkyl
1972,” and the highly nucleophilic character of the

anion (42) was shown at that time. Using the anion
(52); the methodology'has since Eeen developed for
the preparation’of betaehydroxyiselenides (43)76
(eq. (60)), which are synthetlcally equlvalent to:

| SeR 1)nBuLiji : ' )
j>‘-SeR 2;“‘*€> RSE““ .'“'QH (60)

-2
(43)

Ry

allylic alcohols by oxidation77a’b’C (eq. (61)); olefins

H.O |
RSe'n WOH 272 wnoH  (61)
R 3



by treatment with strong acids77dv

RSeN_fon 1104 §>==<< (62)
. R ‘ . Et20 R,

(43) . S Ro=H

43 - | 2° |
7€ py treatment with methyl iodide and silver

' tetrafluOroborate77f' 779

epox1des
(R = ¢ or methyl iodide alone,

(R = Me) followed by the addltlon of strong base

(eq. (63)) " The anion (32) has also been employed

l)pAgBF4/MeI . 0 |
Rselya +nQH -—-O—«E*I\EE_I_% » (63)
R, | 2) tBuOK | R,
(43) - RyFH

~ for the convenient preparation of other heteroatom-

s : ’ f
stabilized carbanions for use in further transformations,

i
t

Thus, the anion (42) forms a‘seleno—thioacetal (44)
from the reaction with disulfides which, by treatﬁent
with another equivaleht'of n-butyl lithium, gives the
sulfur stabilized anion (§§) that can be converted into

substituted sulfides by treatment with electrOphiles77bf78‘

(eq. (64)). 1In the same manner, silicone>stabilized'

Ry Ry
: .SeR nBulLi _
(42) + (R,5y—> //L\ A 3
—_ 3
2 TR, SR, _R2 SR, (64)
Cwe s

carbanions (46) can be prepared, and these are syn-

thetically equivalent to oleflns from reaction with

779,79

ketones and aldehydes (eq. '(65)) . The anion

(42) has also been found to attack a variety ‘of acyl
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. R, R, ‘A 5 ] ;
‘ : .SeR  ndulLi J\- 1)/‘1\ W B
(42) + muscl R TR SiMe, — 1+ ~ » {65)
2 SlMe3 ‘ 2 3 2)H R2
: [46) ' R,=H
. Y
. 80 . i
equivalents (eq. (66)).
0 SeR 4
(42) + A 5 R,
< 'Me2N H 'R ~ _H  (66)
2
O

Selenoacetals of eldehydes havehbeen deprotonated
by strong hindered baees to give the selenium stabilized
anion\(ﬂl)fgo eiectrophilic'attack on (il)’gives a
substituted selenoacetal (ﬁ;))BO which is available for

vany vathe'transformationé listed above, or can be .
:hydrolyzed to a keto'ne81 (eq. (67’).- |
H‘“sew XDA j\ /Esw Lucly DG
Se@ Seg cuo R/R\E.
(47) (48) ’

\.\
i
Y-

Our interest in selenoaéetals was initiated by

¥

the discovery in our laboratory that selenoacetals

are reduced by trlphenyl tin hydride glVlnq hlgh yields
82

~of hydrocarbon (eq. (68)). We have since noted that
| seg Luen i B
/k ~+ HSng, toluene @ (68)
eg . o reflux H

the reduction in equation (68) occurs in the presence

of thloacetals and ketones w1thout the loss of these
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functionalities;83 theréfore, with an efficieﬁt methbd‘
for the preparation of selenoacetals from cafbonyls,

a mild ahd'seiective two step'procedﬁre for the reduc-
tion of carbonyls to hydrdcarbbns would beanéilable

(eq. (69)). S B

P e g o,
. _ Seg _—_f—%> Ny (69).

Several reports have appeared on the preparation
of selehoacetals from carbonyls, with no obvious ad-
vantages bverrthe~original'prepafaﬁion from ketone,

selenol, and hydrogen chloride74 (eg. (70)).* The recent

‘ ' . |\SeEt
EtSeH + /8\ + HCl_‘ . sept (/0

methods include: use of ketone or aldshyde and selenol

-

without solvent with continuous passage of dry hydrogen ,4

chloride‘throﬁgh the reaétionvmi')(ture75’77g as in

equaEion (70); the usé-éf.ketohe or aldehyde, selenol,
aﬁd sulfuric écid (one mole per mole carbonyl compbund)
' orjziné‘cﬁloridé (half mole per mole carbonyl compound)
;withOUt solvent;széhnd the use of carbonyl com?bund
'trimethylsilyl alkylselenide, and aluminum chlofide23

(eq. (26)). No details or examples were given«for,

: uSeR
//jL\ + RSeslMe _élggg_ //l\ (26)

‘equation (26). ‘Figh yields of selenocacetals were

isolated for most of the ketones and aldehydes reported

3



in the referencés cited above, but it should be pointed

out thatrnone off&he'reaetionsvwere.performed on
.molecules contalnlng functlonal groups other than
carbonyl. Therefore we dec1ded to 1nvest1gate two
promising selenol.equlvalents' trls(phenylseleno)borane

(22) and trls(methylseleno)borane (}3)-

Results and Discussion’

Our initial investigations were with tris(phenyl—"

seleno)borane (gg), 51nce 1ts physical characterlstlcs
(crystalline SOlld) descrlbed in the prev1ous chapter
make it convenidght to prepare and use. The reagent

(22) reacted with ketonee according to equatioﬁ‘(7l),

CHC1 Seg

B(Seg), + /L\ —__3_% /L + Bo3 (71)
(22) | CHpC1; S

forming selenoacetals and a similar gelatinous preci-

"pitate to that observed in,sulfoxide deoxygenations,

presumably boron oxides. The results with the phenyl—

selendbbrane (2 ) ‘are summarized in Table V.

The<first two ket&ﬂ%s that were tried, choiestan—
3;§né (entry 1) and‘ademanteﬁ-Z—one (entry 2), reacted
smoothly with (22) and high yields of the seieno—
acetals were isolated, although the reaction was some-
what slugéish for,adamanténone. . However, the reaction

~of (22) with other simple carbonyl compounds géve only

42
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TABLE V.

| BIS (PHENYLSELENO) ACETALS

hr

18 hr

/sep

[3&:? 3 hr

i‘[kij '.‘} 1 hr

' gse__Ses o
i"ir‘f_’; 3.5 hr

" Mole %
TFA

‘;Yield

89%
88%

84%
63%

73%
79¢%

80%

- 48%

- 52%

28%
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.complex reaction mixtures, as judgedbby thin layer
'chromatography;fd' |
| It was found that 1mproved ylelds of selenoacetals
could be lsolated in most cases by the addltlon of
small amounts of acid to the reaction mixture.' While
at least one other acid84 waslobserved-to be"suitable,
we found it convenlent to use trrfluoroacetlc acid
‘(TFA) in all of our experlments as it is ea51ly dig~
pensed via syrlnge 1nto a septum-covered flask The
acid deflnltely acts as a catalyst for these reactions,
as seen by the shortened reaction time needed_for
cholestanone in the presencevofLTFA‘(entry.i) In
ﬂpt ‘least one case, the acid had a detrlmental -effect:
gésfor_ adamantanone (entry 2), a large amount of unidenti-
fied byproduct was observed in the preSence'of TFA.
Even in the presence of TFA} the phenylseienoborane.‘
reagent (22) was not. suitable for the cenver51on of
aromatlc ketones (entrles 7 and 8) or cyclopentanone
(entry 6) 'into selenoacetals in hlgh'ylelds.
Improved»yields of selenoacetals were observed
in all cases ir the carbonyl compound was- first con-
yertedvinto an oxygen acetal (éﬁ%fand then the reaction

(eq. (72)) performed as an acetal exchange of (49) with

//J*SMG TFA o |aSeg )
\ (72 :
Me B(Se¢)3 : SeQ' (72)

(49) (22 | ’



the bOron_reagent (22) . The results ofvthe acetal
exchange reactlons are summarlzed 1n gablg VI .~ The
yleld enhancement is espec1ally consplcuous for the
aromatic selenoacetals (entrles 3 and 4),-it can be
Vseen that ln.these cases the ylelds by the exchangei”
route are good while those 1nvolv1ng dlrect reactlon of
' the carbonyl compound are poor.,

| The exchange reactlon 1s not sultable for the pre;'
paratlon of phenylselenoorthoesters (entrles 6 and 7).
‘gThe P eparatloh of trls(phenylseleno)methane (entry 6)
went;smoothly but requlred an 1nord1nately long reaction
tlme.- The preparatlon of l 1,1- trls(phenylseleno)-
ethane (entry 7) occurred in poor yleld even ‘in the

Presence of large amounts of TFA Attempts to follow

the reaction of entry 7 by NMR in the. bresence of

varylng amounts-.of acid resulted in the observatlon of a"

"1arger number of signals than could be accounted for‘

- a

from a 51mple stepwise exchangeyprocess (eq. €ﬂ3));

OM N ) E ) ) v ) ‘ . ‘ . : . - BRI
 ove, S?gMe: /Seg B | @
, 3 + B(Se W . - -
Kot B g o
B L, c OMe S ) .
. Seg - - Seg - (73)
. : OMe :
o {wseg - / Se@d + “Sed A
N /- . H E At e - Ay - -
‘ Me , _ . Me

45 .



Entry

ACETAL‘EXCHANGE REACTION WITH

TABLE VI

Acetal

_OMe -

C,H,,CH
10721 N oMe

OMe

(C4H9)2C\

Product
_Sed

H CH '
10 21 Se@

_Sef
(C4H9)2C\

Sed ‘

% Yield

85

83

.3 ’832 @/k 3 nhr 10 80
l, b5 sen
4 @Q O 2 hr 1 71
' _ OMe
!‘OMe N

Sed .
~Se@

OO 3'hr‘, 4 Av 89

6 - ‘HC(OHe\)3 HC(Seé)a..' 12 hr 2.7 76

7 cngclMe);  cuysem; 5.5 hr 144 25

e
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y implying the competition of a number of side reactions.

\ For the acetals of an aliphatic aldehyde (entry 1)
‘and ketone (entry 2), the efficiency of the éxchahge
o reaction (egq. (72)) was found to be quite sen51t1ve to
the' amount of a01d that was added; in fact, substan-—
tially more acid was required for the preparatlon of
these two selenoacetals (entrles 1 and 2) by the
exchange reactlon than was needed for direct format%on
of the selenocacetals from the parent carbonyl compounds
(eq.’ (71)), (entries 3 and 4, Table V). The effect of
the a01d in these reactions will be described in greater
detail’ later. . o

Although the sequence‘represented in equatioﬁ (72)

proved td be highly efficient for the preparation of
phenylselenoacetals, methylselenoacetalsa(gg) can
be prepared directly from the parent carbonyls (eq.

(74)) in yields comparable to those of the exchange

0 - +
/U\ + 13(SeMe)3 —is oroete (74 .~
‘ SeMe ) '
(32) )
T (50)
reaction (eq. (72)). ' ’ ///
\

' Tris(methylseleno)borane (32) is a liquid that
can be conveniently stored in, and dispensed from, a
‘greased syringe. We found that (32) could be stbred
in this manner for as long as a month with no apparent

loss in activity.

<



The results using the methylseleno-reagent (32)
for the preparation of methylselenocacetalg (50) from '

carbonyls (eq. (74)) are summarized in Table VII.

All of the ketones tested with (gg) were rapidly
converted into selenoacétals, in the presence of small
amounts of acid. Excellent yields of selenoacetals
were isblatedh espécially.fog,2—acetylnaphthalene
(entry 5) énd cyclépentanone-(entry 4) . The yields
were lowered somewhat, and prolonged reaction times
were required for the hindered ketones pregnenolone
acetate (entry 7) and estrone methyl ether (entry 8),

but the products were isolated without éleavage of

- the acetate ester or methyl ether functionalities.

] .
The reaction of cholest-4-ene-3-one (entryp?) with

(32) gave a low yield of an unstable white crystalline
solid that decomposed at an appreciable rate even on
storage at —lQo under nitrogen. ‘The product was
identified tentétively as thé selenoécetal shown (entry
9) by NMR and exact mass measurement, and by conversion

into cholest-4-ene by tin hydride reduction (eq. (75)).

(75)

SeMe
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TABLE VII.

PREPARATION OF BIS(METHYLSELENO)ACETALS

FROM CARBONYLS AND (gg)
o ' - TFA
Entry Carbonyl Product (mole %) Time % Yield
: _SeMe v
1 | (C4Hy) ,C=0 (C4H9)2C 7.8 45 min 90
’ SeHe ‘
SeMe

2 C, H,,CHO c H cx’{ 66 31 hr 66
10721 107217 g e . ' .

‘ eMe ' . .
3 Oo Q(:em 4.3 50 min 90

GeMe . i .
4 +<:>=t> -}-O(swe 4.0 2.0, min 96
. BeMe ! _
5 C:I:jj\ E:I:j/k“°j 4.1 2 hr 85
p
. OyH HeSe¥ saw
6 4.6 35 min 92
4]SeMe
7 26 hr 79
MO
SeMe
SeMe .
8 m/@:gig 5.6 3.5 hr 58
H
9 MesSe - 19 hr 31
) MeSe
10 CH,C (OMe) 4 7.5 13 hr 39%

CB3C‘ESeMe)3



The reagent ( 2)bwas’found to be inferior to the

phenyiselenoborane (22) for the preparation of seleno-
acetals frém aliphatic aldehydés (entry 2}, as judged
by the reséectivé reactions with undecaldehyde (compare
entry 4, Table IV); we'found that a modest yield of
the\gethylselenoacetal of the aldeh?de (entry 2) could
beuiso ated only-afterbthe addition of a large aﬁouht
of“?EA/éhd a préionged reaction time. On the othef
'khand, the aromatic aléehyde,l—naphthazdehyde was rapidly
converted into its methylselenoacetal in excellen£
yield by (32) (entry 6).

| Fihally,,only‘a low yield'vamgthylselenOOrtho_
ester (entry 10) was isolated from the orthoester
exchange reaction (eq. (73)) of (32) witﬁ 1,1,1-tris-

(methoxy)ethane; thus, neither boron reagent (22) or

'(33) appears to be efficient for this exchange reaction

(compare entry 7, Table V). - K

=

Mechanistic Considerations

During investigations of reagents (22) and,(ig)
for the preparation of selenoacetals, an attempt was
made to follow some of the reactions by NMR. We fdund

it convenient to use the signal from the methine

b

proton of undecanal (51) as a probe, because the signals.

of the various reactants, intermediates, and products

are relatively isolated in the spectra even at 60 MHz,

50



due to large differences in chemical shifts.
, G

The NMR spectra of both reagents (22) and (32) with

undefanal (51) withéut acid show an immediate loss of
the ldehydic methine signal at § 9.7; however, fhe
methine sigﬂals due.tp the éelenoacetals (54) do

‘not appéar in either éase (R = Me or R = @) until the

addition of acid (TFA) to the NMR tube (Scheme VIII).

This implies that the reaction of the selencborane
reagents (22) and (32) with (51) is occurring in at

least two stages: an initial acid independent reaction

Scheme VIII

‘ .+ B(SeR), f .
Clonf/n\H | o3 | ,
(51) (22) R=g8
(gg) R=Me
| .
0
: ‘ and/or 0
Cloni/A\H c. n. .o -
| ' | 10"21G7SeR
(52) H
[ | " (53) |
LTFA o
' SeR
\ C. H.~CwSeRr R=@ (84.50)

A (54a)
L2y (54b) R=Me (63.90)

&
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to form possibly a Lewis acid complex (52) dr an
addition compound (53) or both followed by ‘an acid-
induced decomp051tlon of the 1ntermed1ate(s) into the

solenoacetals (54) as shown in Scheme VIITI.

;Whlle a two step process is only impliéd’from the
'NMRfétudieS for undécanal (51), we have definite proof
that two stages occur for the acetal exdhange reaction
(eq. (72)). When the phenylselenoboran (22) was
mixed with undecanal dimethylacetal (55) in an NMR

tube; in thé absence’of acid we observed the immediate
‘loss of the"triplet at § 4:3‘due to the oxygen acetal‘
(55)r and the appearance of a new signal (triplet,

J = 6 Hz) at.G 4.90. This new signal is due.to the

formation of a stable mixed oxygen-selenium acetal

(56a) shown in Scheme IX. The formation of the inter-

Scheme IX.

v B - I
PMe : PMe S
‘ . B(SeR)
C1oHz7QroMe + B(SeR) 3 —> ClO ZlQ;SER -——E;—‘1>
H H
(55) - (22) R=p - (56a) R=@(64.90)
(32) R=Me (56b) R=Me (64.59)
"SeR
7
Cl OHZIC\mSeR
H
(54a) R=g@

(54b) R=Me
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mediate mixed oxygen-selenium acetal species in the
absence of acid was found to be a characteristic of

the reaction of (22) with dimethyl acetals (eq. (76),

é/l:OMe . //L\SeR
. “‘ _____>
ome T B(SeR) OMe 6).

R = @), and we were able to isolate and completely

characterize a few of these compounds from the reaction

in equation (76) (Table VIII).

TABLE VITI.

PREPARATION OF MIXED OXYGEN-SELﬁNIUM ACETALS FROM (g_%)

Entry Acetal Mixed Acetal Time Yield
1 oM c oo 6 h 87%
c
» 10 21 OMe* 1020 . :
v’ OMe . ’ Seg »
2 e @m ‘:oue 7.5 h 78%
OMe . Sed . .
3 ©(C,Hu) ,CT © (€, HG) ,CT 1 h 80%
492\Me 492\0Me ) g

The reaction of (55) with the methylselenoborane
k;g) fR = Me in eq. (76)) was much slower than ghg
- reaction with (22); even-after ca. 30 minutes at room
température, a substantial amount of acetal.(éé) was -

still present as judged by the intensity of the methine

signal at § 4.3, while a triplet at 6 4.59 (J = 6 Hz)
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that ge have assigned to the intermediate (56b) was

barely detectable. Isolatfon of the intermediate (56b)

was not attempted. ©o.

The rate of the acid catalyzed step ((§§)+k§é),
Scheme IX) was observed to be qugte seﬁsitive %g-the
stfubture of the reagent. With phenylselehoboraﬁe
»(g;),_thé‘conversion of (56a) ihto'selenoaqetal (54a)
was-approkimetely 70% éompleie after 10 hours, based en
the integrated values of the methlne protons of (56a)

Vs (54a), using 3 mole % TFA (based on acetal (55))

using a large amount of acid (45 mole % TFA), complete

econversion of (55) into (54a) was observed after 15

mlnutes at room temprature.“with the'methylselenoborane
(32) the acceleratlon of«the~proce55es (55);(56b) and
(56b)+(54b) were both noted: u31ng l 8 mole $ TFA (based
on (55)) a scan 1mmed1ately after 1n3ectlon of the ac1é

showed a large triplet at 6 4.59_(presumably(56b))

‘and a small triplet at 8 3.90 due to (54b); before a

full scan and integration could be performed (ca. 5

/ L »
minutes), the cenversion-of (56b) to (54b) was complete.

~Finally a simple acetal exchangelreaction was
performed without the presence of boron with tWOvequi—
valents of benéene selenol and undecanal dimethyl-
acetal-(éS)ykeq; (77)) . The following'observations
were noted- #he exchange reaction to form (56a)

((55)~( 6a)) does not occur withoutbacid, and is slow
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OMe QMe ' Seg

‘ / /
C. HiCooMe + 20Sen -153§3§5:> C. HjCuSe j><:> C oH5iCmses  (77)
10721 cDCl 10421 10871
H 3 _ 2 ; %
(ss) . ' (56a) 54a)
even .in the presence of large amounts of acid (ca. 50 <

hole % based on (55)); the exchange reaction to form

" the phenylselenoacetal (54a) ((56a)~(54a)),did not

occur. even in.the presence of more than an equivalent

of acid (142 mole %). 3 ‘ @
| -~ o , o
. _ ‘ \ v
Conclusions

The selenium atom, the boron atom, aed the acid
all play a distinct role in the- exchange reactlons
(eq. (72)) and by analogy, ‘the carbonyl deoxygenatlon
reactions (eq. (71) a%d (74)) . Thelr exact functions

cannot be stated without detailed mechanistic studies;

- . -
) .

'however,‘some reasonable pathway can be suggested.
Jencks has shown that sulfur lone pairsvcan parti-
. cipate in the hydrelysis of benzaldehyde 9,§—aceta1585

(eq. (78)) with intermediate (58) being favored for

rd - + A - N
: : R + SR
&k - H 1 HoQ o
v o _,> (78)
(57a) Ry=g (58)

{(57b) R_2=Et

oo

 (57b) (R; = Et) but not for (57a) (R; = @). The

selenium atom lone pairs have been shown to be more

available as nuclecchiles for methylalkyllselenides
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than for phenylalkyl selenides,77g thus conversion of
-
+
OMe SeR
—_—
)&eR /U\
(59a) r=g (60a) R=g’
(59b) R=Me (60b) R=Me -

(222).into a seleninﬁ‘stabiliZed carbonium ion (__E{
is expected to be more favorable than for (59a) and
a more rapld acid catalyzed exchange reactlon for the
methylselenoborane (32) 1is expected. .gsing the same

argument, the phenylselenoborane (22 frshould be a

‘stronger Lewis acid than the methylselenoborane (32);

consequently, any non- aC1d catalyzed reactlons (exchange

;to form mlxed selenium- oxygen acetals such as (56))

should be slower for (32) and a carbonyl with a low

Lewis basicity, such as- undecanal 86 (entry 2, Table

: VII), is expected to react sluggishly with (32) .

It was not'the purpose of the present research to

make a detalled mechanlstlc study. The pathway des- -

-crlbed above 1s chemlcally reasonable but ev1dently

represents an’ over31mp11f1catlon. In‘the light of

the results from equation (77), it‘is clear that the
: ,

borgﬁ,atom is acting as much more than just a con-

venient selenol carrier.
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" DEOXYGENATION OF EPOXIDES

The_sucéessful-synthesis of many complex organic
molecules often hlnges on the selectlve 1ntroductlon

of ‘a- carbon- carbon double bond at a SpQlelC p051tlon,

‘with a knawn conflguratlon. In recent years, a varlety

of new reactlons have been employed to brlng about the

1ntroductlon of ‘double bonds in a stereospecific or hlghly

'stereoselectlve manner 87 Epox1des are potentlally very

L

_“’by base treatment of (62) to form epoxide ( 3) (eq.

.

+ followed §

' stereomer.
pood ’

'
f into olefins with varying degrees of stereoselectiVity;,

C Multi- step methodq, whlch 1nclude stereospec1f1c conver—

sion of t}j

us?ful 1ntermedlates for this purpose. Cornforth88a
e ) ) ) ] E :
o l)RlMgBr HO, R27 OH R .
R3 oes —_— Ry i | —> 1M, ! (79)
! . <H 2) H+ N
S el R .~ 'R3 ct. K Ry
(61) (62) | (63)

‘ has shown that epoxrdes may be prepared stereoselectlvely
through the formatlon of a predominance of one chloro-
;hydrln dlastereomer (62) by addition of a Grignard

4 reagent to an a-chloro aldehyde or ketone (61), followed

1

;(79)). The stereoselectivity of the sequencelin equation

?(79) has been improved to over 90% in fayor of one dia--

88b

Several methods exist for the conversion of epoxides

£o an rodohydr;ngsa‘or eplsulfldeé’

‘c elimination of the inter- °
" _

89
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medlates into oleflns, will not be rev1ewed here, except
for cases that tran51tory rntermedlates are formed and

eliminated 1n situ.

In summary, epox1de deoxygenatlons may be lelded
1nto two broad categorles In Oone group are those re-
agents that rely on the formation of an oxygen bohd w1th

a low valent tran51tlon metal (eq (80)) This

+ ‘o=M"*2

(64)

(80)

1s generally thought to occur through the formatlon of a.

carbon radlca190 such as (64) Free rotatlon of the

carbon radical potentlally causes loss of stereochemlstry

';_of the startlng epox1de, and in most cases these de-
g;oxygenatlons have been found to be non- stereoselectlve
A varlety of low valent tran31tlon metal reagents

~have been’ used to deoxygenate epoxides.. Theseglnclude

*vaporlzed metal atoms,gl tltanlum(II),goa'chromium(II)-

0b . ’ - L 90¢c -

;ethylenedramlne complex,9 iron(III)—butyl llthlum,

zinc dust 92v21nc copper couple,93 and reduced cyclo—
pentadlenyl complexes of tungsten, molybdenum and
'tltam,.um..g.4 A mixture of magnesium bromide-magnesium'
famalgam, shown to give low yields of olefins from

‘epox1des, is thougmt to proceed through a bromohydrln

.1ntermedlate.95. Tungsten(VI) chlorlde,.reduced to an .

P

g .

undefined reagent (possibly tungsten(IV)) with Lithium -7

5

—



: °
1od1de, was shown to convert trans epox1des 1nto oleflns

stereOSelectlvely w1th retentlon of conflguratlon, but

' giéfepoxides gave mixtures of olefinic stereoisomers.96
Tne deoxygenation was‘thought"to‘go~through an iodo- N
hydrin intermediete,_asﬂno Stereoselectivity was seen
when the tungsten reagent was prepared by butylllthlum |
reductlon 9% R 2 ' I - ' ¥
Another group of.reegents that convert epokidee
-into oiefins are thosevthat'rely‘on an'initial'nucleo4

philib;attack,on the oxirane ring to form an intermediate

~addition compound (65); (65) can then undérgo an anti-

¥ ioj Yo, Rz o / /
‘/’I;,- \\\\\ ___> [ANTD iy ' —'—9 - R — et

Rl t 2
X-Y

l,2-elimination to form an olefinbwith.retentionfof{the
e conflguratlon, or, 1f the nucleophile, X['can
form a strong bond with oxygen, the 1ntermed1ate (66) may

form followed by a syn-1, 2 ellmlnatlon resultlng in an

olefln w1th inverted configuration (eq. (81)). ‘A high

degree of stereoselectivity is normally associated

with these types of processes. . ( _ .

59
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Reagents that stereospecifically convert epoxides
into olefins with retention of configuration  (anti-
eliminationf include treatment of the epoxidetwirh iodide_
ion {X = I) followed by addition of phosphdfyl chloride
(Y = P(O)Clz)—pyridine;97'methyltriphenoxyphosphonium -
1iodide (X = I, Y = (¢O)3PMe) in the presence of boron |
trifluoride etherate, which gives high yields of olefins /
except for terminal époxides;98 and addiﬁion of sodium
(cxglobéntadienyl)dicarbonylferrate (X = CpFe(CO)Z)

99

followed by tetrafluoroboric acid (Y =IH). Diphosphorus

tetraiodide has recently been reported to efficiently
convert epoxides into olefins in the presence of sensi-,

tive functional‘groups,loO but the stereoselectivity was

. not investigated.

Since olefins are readily converted into epoxides

with retention of stereochemistry by treatment with m-

., 101 .
chloroperbenzoic acid, stereospecific conversion of

epoxides into olefins with inversion of configuration
(eq. (81)) constitutes a method for inverting olefin
stereochemistrx.102 Several procedures have beeg repor-
ted recently‘for tﬁis type of reaction, but all are
dependent on aﬁ initiai‘nucleophilic ring opening and
nsubseQuenf rotation to form a fourjmembered intermediafe
_{66) reminiscent of a Wittig reaction} in facﬁ, phés-

103a 103b

and phosphines yeré shown to convert

phites

epoxides into olefins with iﬁ‘%;sion of stereochemistry,



61

although stereoselecu1v1ty was low and extreme conditions
were requ1red Excellent stereospe;ificity has been
reported from the use of: sodium (cyclopentﬂdienyl)—
dicarbonylferrate (X = CpFe(CO)é) followed by pyrolysis
(130%) of the adduct (66); %% trialkylsilyl aniong!05

in HMPAlosa (X = R Si); and lithium dlphenylphosphlde

followed by methyl iodide (X = QJZ(Me)P)106 whidl was shown
to oonvert (g)-l,zfepoxycyclooctane into (E) -cyclooctene
without contamination by the (2)-isomer. 1062 Octacarbonyl-
dicobalt has been shown to convert epoxides into olefins
with inversion of stereochemlstry,107 but the epoxide
requires one or more electron withdrawing groups for a
successful reaction.'

A third type of epox1de deoxygenatlon is based on

nucleophll;c oxirane ring Openlng as summarlzed in

equation (82) The overall process 1nvolves an- 1n1t1a1
0 0 R )
i 5 at 2 17 o
Y st ___é I LIk ~.> —_—
R R x-yt R2
1 . Ry 1 v
| 67
! (67) (68)
. (82)
X
R R e R R
[ “”R }I/, .\“» 2 _ﬁ l — 2
+
B (ﬂ)

nucleophjlic attack to form an activated Y moiety (as in

(67)), which bonds to the oxygen anion forming an unstable
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intermediate (68) subsequent to rotation %bput the carbon-

carbon bond. Cleavage of the X-Y bond of intermediate\\r

(68) followed by an#ther rotation and then a backside

attack results in the cyclic three-membered product (6 5
with a net retention of configuration. This type of pro-
cess has been shown to effect the stereospecific conversion.
of epoxides into episulfides, with retention of stereo-
chemistry, using tributylphosphine sulfide4 and‘

3—methylbenzothiazole—2—thibne89 (70), X ='8). The

: %e :
N
- o~ |
S ‘

(70) ,

conversion of epoxides into olefins by this method requires

the stereospecific extrusion of Xﬂin intermediate (69)
which, for episulfides , needs rather vigorous c’onditions.108

However, episelenides (X = Se in eq. (82)) had been shown

109,110

to be unstable to oclefin formation, and the

consequent use of selenium methodology has resulted in
. three stereospecific epoxide deoxygenation reagents
based on the proéess represented in equation (82): tri-

phenylphosphine selenide2 and 3—methylben£othiazole—2—

selenone ((22)' X = Se)llla with trifluoroacetic acid,

and potassiuﬁ selenocyanatelllb in methanol.

These réagents do not convert epoxycyclopentanes -

111b b

into cyclopqhtene. It has been proposed that- this

112

| .
is due to the strain that would be involved during

i -

)

i
/



the formation of a trans-fused [5,5] bicyclic inter-

r

mediate analogous to (68) .
That episelenide((gg), X = Se) intermediates are
involved in the deoxygenation of epoxides with phosphine

. selenides has been shown spectroscopioally,113 although

the episelenides proVed to be too unstable for isol#tion.

The Phosphorus-Tellurium Reagent - ‘ )
In the wake of the highly productive area’ ! that -
has developed since the"firstvmodern organic transfor-
mation was performed based on selenium chemietry,2 much
effort.has been put into the possible development of

115 These studies have provided two

*i

tellurium methodology.
new methods for the generally easy process of convertlng

¢

'v1c1nal dibromides into olefins, using diphenyl’ tellurldell6
and sodium telluride.117 One»investigator in the

‘selenium and tellurium fields has stéted "[The] general‘
tendency toward greater react1v1ty with the organo-
selenium analogs of sulfur species Suggests that other

new selenlum reagents are likely to be found whlch offer )
advantages over their sulfur counterparts. By contrast

we have found nothing to suggest that the development

-of tellurium reagents is likely to be a fruitful

endeavor."118
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Resulﬁs and Discuésion :. S N
'lDuring our in§estigation of‘the'chemistry of sodium
0,0-diethyl phosphorosélenbate (li),:we‘looked at the
;.pOSsibility of using (17) toécdnvertxepoxides into
oiefins, anticipéting a process similar to e§patidn (82) .

‘While we noted that'(lZB did convert terminal epoxides

*

/"‘\
(s

into olefins (eqg. (83)), the reaction proceeded quite

~

I LN\ ;/
(EtO)yPSeNa + C_H _JB¥E¥> C H-~// + Se (83).
=72 613 « 6°13 ;
(17) '
slowly. An attempt was made to prepare and isolate the

analogous sodium telluroate (71) according to equation

(84) (Y = Na), but the resulting solution was so sensitive

0 , , o

R I
(EtO¥, P v'o+ me EEOH (E£O}P-Te vh o (84)

to air that no product could be isolated without exten-
sive contamination by metallic tellurium. However, the
ana®ogous potassium salt of (71) had been reportedly

prepared by the same method,119

and we felt that (71)
could be generated in situ. | |

Far less than a stoichiometric amount of tellurium
would dissolve in an ethanolic solution of sodium 0,0~
diethyl -phosphite, possibly due to an unfavdrable

equilibrium of ethanolic sodium diethyl phosphite, which

has been shown to be predominately protonated in

64



. ()
ethanol.120 However, if the SSHium phosphite was pre-

pared in THF, stoiéhiometric amounts of tellurigm powder
would diésolve quickly to form a colorless solution.
Evappration of‘the solvent with rigorous exclusioh of
air yielded a white crystaline solid, which immediately
turned black in the presence of Oxygen.

Addition of methyl iodide to a THf solution of
(71) (Y = Na) produced an unsﬁablé product (72) (eq.

(85)) that gradually precipitated tellurium metal. The

o' - S - Q )
(Eto+§P3Te vt 4 Mer ZHES (EtO}PTeMe  (85)
(71) (72) .

NMR“spectrgm (d8—THF) of the solgtion'immediatéfy/after
the addition of methyl iodide showed'aq.intense doublet
-at)é 1.87 (J = 122 Hz); this signél was attributed to
the methyl ester (72) by analogy with the reaction of the
selenium salty(il) with methyl iodide (eq. (86)) to give

.methyl ester (22). The latter shows a doublet at 6§ 2.1

0] e o
,I\ — + ”
(Eto+§PJSe Na + MeI —> (Eto+§PSeMe. (86)
(17) (73)

N
4

| - i
(J = 13 Hz), and the salt(l7) is known to be alkylated only

on the selenium atom with alkyl halides.lzl
All of our early epoxide deoxygenations‘Were done
in ethanolic sodium phospﬁite solutioné, which would

!,

only dissolve small quantities'of tellurium metal.

65
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We observed that the reaction of (71) with epoxides
- deposited tellurium metal along with olefin (eg. (87));
therefore, it seemed reasonable to assume that the

I

0o- A\ /
(EtO‘)"ZPTe Y + ,C8Hl7“ R C8Hl7 + Te (87)
(71)

reaction responsible for 1n1t1al dlssolutlon of the
tellurlum metal (eq. (84)).would also dissolve any. tellu-
rium produced via equation (87), and thus the deoxygena-
tion of epoxides‘with phosbhite anion and tellurium metal
should be catalytic with respect to tellurium. ;This
was found to be the eése: a suspension of ‘ethanolic
sodium 0,0-diethyl phesphite and a small amouht'of 3
tellurium metal was stirred uhtil a clear'solution
reeulted;_addition of a neérly stoichidmetriC»quahtity
(based on phosphlte) of terminal epox1deccaused a small .
releasé of heat and the prec1pltatlon of tellurlum after
a few minutes to several}hours, dependlng on the initial
amount of tellurium addgh AnalyeiSfof the reaction
xmlxture by vapor Dhase chromatography” (VPC) showed
that the epoxide had . been eff1c1eg;l§ converted 1nto
olefln. That the reactlve specieé wae (ll) was inferrea_
fromjthe observation»that mixtures of‘sodium_g,gfdiethyle
phOSphite'in.ethanol,.soaium ethoxide and tellurium metal

in ethanoi, and hydrogen 0,0- dlethyl phosphlte and

ﬁellurlum metal 1n ethanol were all 1nert to termlnal
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epoxides under similar conditions (as judged by'VPC).

The interesting observation was made that due to
the.rapid reéction of the phosphite with tellurium metal,
a sﬁspens;on of the eroxide aﬁd'teiiurium metal could be
prepared followed by éortionwise_addition>0f the phosphite
reactant. As long as much larger tﬁan stoichiometrié
amounts (based on tellurlum) of phosphlte were added 1n»f
each pOrthn, a. colorless solution was obtalned untll
nearly all the phosphlte from the addition was consumed,
at whlch stage tellurium metgl rapidly preC1p1tated.

A<fur£her portion of phosphite could then be added

L; caus€d immediate dissolution of the tellurium.
- This proceduye was repeated until all, the epoxide had:
been converted into olefin.

The deoxygenation was performed on a variety of

epoxides, and the results are summarized ¥n Table IX.

Usingﬂfhe_pr0cequre described above, high yields

- of olefins were isolated from terminal epoxides (entries
1, 2, 3) - However, attempts tb deoxygenate intel
épokides resulﬁed in very low conversions‘(entry 4), or

required a prolonged reaction time (entry'6). Competition

experlments conflrmed the 1np11cat10n that~ Eérminal\\‘\\“N;*\;‘\»

epoxides may be selectlve;y deoxyvgenated in the presence
-of an internal époxidé: the catalytic deoxygenation
by the tellurium reagent (71) of equimolar amounts of

1,2-epoxydecane and 1,2-epoxycyclohexane produced ah

'? 
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almost quantitative yield of l-decene, while most of

the epoxycyclohexane still remained (eq. (88)) (as
(Et0*§§-‘Na+ + Te 4 CH 3aff§§ [:::I: Eton
. ) o - 5.5 hrs
2.0 mmol ©+0.22 mmol 1.26 mmol - 1.22 mmol ’
4 N o
CgHy 5 + [::] + [:::Eb
~100% 208 go%
judged by VPC w1th an internal standard) This selecti- -

v

vity was further shown by the partlal deoxygenatlon of
limonene dlepQX1de_(entry'5). |

| Since the catalytic methoddproved to bedunsatis—'
factory for the deoxygenatlon of 1nternal epox1des, an
alternate procedure was developed for the preparatlon of .
st01chlometr1c quantltles of (71) " The metallated
0,0- dlethyl phosphlte, prepared in anhydrous THF, was
1njected into a flask containing an equivalent amOunt
of tellurium powder. The tellurium. slowly dlssolved
(ga. 1-2 h) to glve a colorless solution. Unfortunately
the THF solutlon of (71) did not possess the ablllty to
deoxygenate epoxides; however, if the solvent was first
‘evaporated (with exclusion of alr)pfollowed‘by the
addition of dried ethanol, the resulting colorless
solution proved to be a powerful epoxide deoxygenator.

In_this manner;‘the potassinm, sodium, and lithium

salts of (71) were prepared;- Adqualitative examination



of the relatlve rates of the dlfferent salts of (71)
on the deoxygenatlon of 1, 2 epoxycyclohehane and (g) 4 5—~
epoxyoctane showed that the reactlon of “the llthlum
salt occurred much faster than.the other two. - For this
freason;‘the‘lithium salt of (71) was used for the de-
oxygenation of all internal‘epox1des.A o | |
;ron Table IX, it can be seen that even with st?uchlo—
metric amounts of tellurlum, the deoxyoenatlons stlll
requlred the reflux temperature of ethanol for 1nternal
epoxides. The deoxygenatlons were shown to be stereo—
specific with retention of configuration: (g)—epoxide
(entry 7) gave (g)—olefin, and'(E)¥epoxide (entry 8)
gave (g) olefin.‘ It is also noted that the deoxygenatlon
bworks very well for epoxycyclohexanes (entry. 10), whlle
epoxycyclopentanes (entry ll) are qulte slow and do not
react satlsfaotorlly. | : , &

The apparent 1neff1c1ency of the lithium reagent
(Zl) to deoxygenate (E) epox1des (entry 8) relative to
(2)- -epoxides (entrles 7 and lO) generated 1nterest in the
p0551b111ty ogy; further form of select1v1ty pecullar to
(71) : namely the ablllty to deoxygenate (Z)—epox1des in
the presence of the (Q)—isomers; A preliminary'experi-‘
ment readily confirmed<this. When equiValent amounts y
of (E)— and (Z) epoxyoctanes were mlxed w1th the llthlum

reagent’ (71), the (Z)—epox1de was converted into (Z)—

olefin much faster than the,(E)—isomer (as judged by

71



VPC with an internal stahdard) (eq. (89)).

e o . . » . ; . . | »
,_\» N " . . . .- . - .
Rk ; e VARV 2N |
. 4.i mmol - . . . - -\ 80% -
. - xeflux o g ' 12% (89)

2.55 mmol .1 hr

B ‘. ' ) ‘ . : /\/\/\,/ 25% 2

2046 o1 =

3
This select1v1ty was tested further by treatlng ‘a

molecule contalnlng both (E)—'and (Z) epox1des w1th

'(71). (4E 82)-4,5,8,9- Dlepoxydodecane (74) was deoxygen—

ated w1th one equ1valent of the llthlum salt of (71)

(entry 9)._Chromatography'of the reaction mlxture led to

‘the isolationrof'a major produét‘and a minor one.' The

minor product (6.6% yleld) was spectroscoplcally 1dent1cal

to (4E 82)-dodecadiene. -Silver nitrate 1mpregnated

.silica gel TLC ‘showed the major product to be a mixture-

- of two closely-running’ compounds : a lower R; major com-

ponent and a higher Rf minor component.

Identlflcatlon of the mixture was greatly 81mpllf1ed '

from the publlshed report that (Z)— and (E) -olefins are
gdlly dlstlngUlShable by 13C NMR,122 and our own obser—
"”‘[ i ) .t AR .

vatlons that (z2) - and’ (E) ~epoxides have characteristic

1 .

~chemical’ shifts in 130 and proton'§MR (Table X). It can

« be seen that (g)-olefins come slightl§ upfield frow

72

(E)-olefins (entries 4 and 5) and (E)-epoxides come
| N 13

~ downfield from (g)—epoxides (éntries 1l and 2) in C NMR,

5 .



'TABLE X. NMR SHIFT DATA FOR (E)- AND (Z)-EPOXIDES
. AND OLEFINS
, X\ —

'.Entry Compound : § C § H

2 AP~ c=4a-=587 c=d=2.65.
. a L e ,' .

3 /MA »a’b = 57.2‘45~ 57.1' N a = b 2.95
¢ : g TN
D | 56.7% 56.4 -

I
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(14)
c,d = 58.9, 58.7 c=d= 2.65
58.3, 58.0 '
3
a' = b' = 130.0
P R
¢! =:d' =130.5
a',b' = 130.6, 128.6 S
R / c,d = 2.68
c,d = 58.7, 58.3 S |
c',d' = 131.2, 129.2 ,
. a,b = 2.92
“a,b = 57.0, 56.6 :
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. . . L
_~Whiie (Z2) ~epoxides come downfield from (E)-epoxides
jentries 1 and 2) by proton NMR. The power of 13C NMR
to distinguish epoxide isomers is seen forvthe diepoxide
(entry 3)lwhich is Clearly shown to be the expected
mixture of diastereomers. |
A 13C NMR-epectrumiof the_hajor product from the
deoxygenation of (74) (entries:Ga and 6b) showed twelve
large signals, two in the olefinic region (8: 130.6 and
128.6) and. two in the epoxide region kﬁ: 58.7 and 58.3);
associated with theee signals were twelve smail signals,
two slightly downfield from the major olefinic‘signals
’(6: l3l 2 and 129. 2) and two upfleld from the major
51gnals in the epox1de region. This clearly shows that{
‘the n major product from the deoxygenatlon of diepoxide
(74) is a mlxture of two 1somers, the major component
belng (4E 82)-4, 5 epoxydodec ~8-ene (75) and the minor
'component belng the 1somjr1c (4Z,8E) - 4 5- epoxydodec 8-ene
(76). This was confirmed by proton NMR which showed a
major signal at & 2.68 ((E)-epoxide) and a minor signal
-at 6'2ﬂ92 ((g)—epoxide) along with the other signals
. compatible“with the product. A 400 MHz proton spectrum
showed excellent baseline separatlon of the epoxide
.51gnals, and‘integrat{on of the signals showed the

isomers to bé present in a ratio of 8.2:1.

+
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Mechanistic Considerations

A chemicallyAreasonable process depicting the
course of eooxideydeoxygenation with (71), based on the
- Process shown in squation (82) which has been proposed
for the stereospecific deoxygenation\of epoxides with

triphenylphosphine sélenide,z’113 is shown in Scheme X.

>
Scheme X
'87&(: + (Et0)gP=Te yh—> HHH —>
R™ : (Et0+§ﬁ—Te R s
o (11
EtO}=P-0 ‘
—_JEt0; : (’* —
R“" -IIR
H - Te
- Te ﬁ H g
:/f_l\:ﬁ + (Etoy,po” —> ;*——*( +
R R - R R
(19)

An initial nucleophilic stage to form the. intermediate
(77) is consistent with‘thé enhanced reactivity of ter-
minal épo;ides over otherﬂtypes; and the greater facility
for the deoxygenatlon of (Z) epox1des as compared with
(E)-isomers is the same’ klnd of behav1or observed in

the rpductlon of 1somer1c epox1des by llthlum aluminum

123

hydrlde. Formation of a CycllC _intermediate (78)

accounts for the slowness of reactions 1ﬂ€olv1ng epoxy-

\‘.

cyclopentanes (entry ll) 24 because for these compounds

!
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such an intermediate (tran@rfused [5.5] bicycle) is

geonietrically'unfavorable.112 The epifelluridé (79)
proposed i compound class that has been detected
spectrosc ically.125 Finally, in accordance with

Scheme X, one of the products of the deoxygenation reac-
tion is diethyl phosphate, which we have isolated as
diethylphosphoric acid and identified by spectroscopic

(IR and NMR) comparison with an authentic sample.



EXPERIMENTAIL

* o

All solvents for reactions, eXtraction, or chroma-
tography were dletllled before use. Dry solvents were
distilled (uhder vaccum where. applicable) under a static

«

nltrogen atmosphere over suitable de81ccants and trans-

ferred via oven-dried syrlnges. Dry carbon disulfide,

chloroform, and deuterated chloroform were distilled from

phosphorus'pentoxide- toluene, dlmethyl sulfox1de (DMSO) ,

dimethyl formamlde (DMF) , and dlohloromethane from calcium
hydrlde; benzene, pentane, and hexane from lithium
aluminum hydride; diethyl ether, tetfahvdrofuran (THF) ,
and hexamethylphosphoramide (HMPA) from sodium. Ethanol -
was driedkby the Lund-Bjerrum method. &

Dry nitrogen refers to nitrogen purlfled‘by passage
through a column (3.5 x 42 cm) of R-311 catalyst126 and
through a similar column of Drierite: )

For reactlons done under dry nitrogen, oven dried
(>3 h at 120°) glastare was used. The apparatus was |

assembled hot and (where applicable) capoed with a rubber

septum. Nitrogen inlet and exit needles were then placed

in the septum and the flask purged until cool (ca. 20 min).

Reactlons were performed after removal of the . ex1t needle,
unless gas was being generated. The same.procedureAwas
employed if a flask was used to contalnra'material‘prior
to addition of that material to another flask used fo:,]

the reaction.

77



All vapor phase chromatography (VPC) analyses were
performed on a Hewlett-Packard -5830A gas chromatograph
- equipped with an FID detector and, unlese otherwise noted,'
with prepacked Hewlett-Packard G‘ft; 1/8 in OD stainless

S
. steel analytical ¢olumns with nitrogen as the carrier

gas. Yields were evaluated in the following manner by L

VPC: a standard solution was prepared composed of the
c®mpounds to be‘analyzed plus an inert internal standard
.diluted with the app}opriate'solvent to the,appreximate
concentration expected/to occur from the reaction.
Response factorslz?lof each component, compared- to the
internal standard, were Ealculated. The abselute yield
of a specific component Qas’thenvteadily calculated by
additioh of a known ambunt gf internal standard‘(close to

that of the standard solution) to a quenched solution of
+ . i

reaction mixture, followed by VPC analysis. Response fac—

tors and yields were based on a minimum of three injections.

Alumina for preparative“(%ag) and thin layer
) v

chromatography (TLC) was Merck type GF-254 (type GO/E),
and - 5111ca gel was Merck type 60 PF-254; plates for
preparative layer chromatpgraphy were 60 x 20 x 0.1 cm

and were heated for 2 h at 110° béfore use. Silver -
xaynitrate platgs were prepared on the basis of weight .-silver

vnitrate per weight silica or alumina.. UV active spots
sﬁere detected at 254 nm, spots detected by spfayiné

\.\‘

w1th HZSO4 (50% in methanol) were charred on a hot plate.

-

e
=
3

\
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Alumina for column chromatography was Camag neutral o

aluminum oxide of Brockmann activit§ three; silica gel was

\ . B
Merck type 60, 70-230 mesh- ASTM. -

Infrared spectra were recordéﬁﬁbn a Perkln Elmer
297 infrared spectrophotometer, llquldS and 0115 were run
as neat films on sodlum chlorlde plates, SOlldS were
run as/solutlonsr(solvent'spec1f1ed) in 0.5 mm sodium ~
chloride cells. Proton NMR~spectra were recorded on a-
Varian HA-ldO spectrometer with TMSvas an internal standard.

&
13C NMR spectra were recorded on a Bruker HFX-90 or WP-60

k3
M

spectrometer Wlth deuterated chloroform as - an 1nternal
standard. Mass spectra were recorded on an A E.I. MS-50
mass speckrometer at an ionizing voltage of 70 eV.

For'reactions run‘at 0°, the reaction flasks were
cabled in an 1ce water bath - at —30° in a s%gsb composed
of 2:1 H20—methanol and dry 1ce, at -60 to*»?O“; in a dary-
ice, ethanol bath

>

Unlessvotherwise‘noted, Stlrrlng refers to the use
of a teflon coated magnetlc stir. bar. |
All weights of solid and non-distiIlable liquid

products were recorded after a minimum of 2 h oil pump

E 3 .

evacuation at < 0.1 mm with a liquid nitrogen'trap. n;i

-

Evaporation of solvent refers to the use of a

rotary evaporator w1th a water pump vacuum and room
temperature water bath

A > U
Tris(phenylseleno)borane (22) was always transferred

A . LN N %

I

. . - .
»_ By ) . ; v A
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&

" into 'a septum covered pre-weighed flask inside a:glove bag - -

oot

filled with dry nitrogen:

Melting points’were determined on a'Kofier'block ’
j

‘ melting“point apparatus. Boiling pointquuoted fot prodhcts

distilled in a Kugelrohr apparatus refer to oven tempetature;f

///7"

-

Deoxygenation of Sulfoxides ' T : o S :

O O Dlethyl Hydrogenphosphoroselenoate (13)

- ..Sodium Q o- diethyl phosphoroselenoate (17)59 (mp -
195.64195.5°) (2 00 g, 8 37 mmol) was dlssolved in water
(40 mL) and acidified with HC& (2 mL) in a separatory
funnel. The dense 0il that separated was taken into ether
(2 x- 40 mL portlons), the ether. lavers were comblned
drled (NaZSO ), filtered and the solvent evaporated ' The
concentrate was taken 1nto methylene chlorlde (30 mL) ,
dried (MgSO ), filtered and the solvent evaporated The
re51due was evacuated (< 0 1 mm) for 0.5 h. yleldlng 1.62 g
of (39%) as a pale yellow oil; NMR (CDC13) 6 1.36 (t, J =
1 Hz, 6H), 4.04 and 4.21 (overlapplng q, J = 8 Hz, 4H),
6.22 (s, 1H). | -

o

Bis (0,0 diethyl phosphoryl)diselenide>? (18)

This compound was prepared exactly accordlng to the

11terature, from the sodium salt (17), in 85% yleld as a

R
AN



bright yellow-orange oil;'NMgﬁ(CDCl §.1.40 and 1:41

;3)
(overlapping t, J = 7 Hz, 6H),L4.20 and 4.35 (overlapping

4

q, J = 7 Hz, 4H). - AR,

Reaction of (13) with DMSO (entry 1, Table II)

'(a) Equimolarvamounts of freshly prepared acia (13)

(0.139 g, 0.643 mmol) and DMSO (0.0493 g, 0.632 mmol)
‘ were placed in an NMR tubelWith ca. O;S mL CDC13;,.Th;
bright yellow turbid solution was al10wed to stand over— _
night. ’Integration of the signals due to.DMéO (8§ 2. 69)“
and Meés (6 2. 09) from a 60 MHz NMR spectrum showed the
ratio (DMSO/Me,S) to be 1.23:1. -

B (b) Two equlvalengg of acid (17) (0 549 g, 2.53
'mmol) and one equlvalent of DMSO (0.0986 g, 1.26‘mmol)
were placed in an NMR tube with ca. 1.mL CDClé,,yielding
.avbright yellow turbid solutionn After l1h at room
temperature, the 60 MHz NMR spectrum showed a Me S/DMSO

ratio of 38.7:1 (97.5% conver51on)

Reaction of (18) with DMSO' J

Freshly prepared diselenide (18) (1.75 g, ‘4. 05 mmol)
"and DMSO (O 63 g, 8.08 mmol) were comblned and allowed to
stand overnight, resultlng in a black prec1p1tate " The

suspension was diluted with CDcl3 andfflltered into an NMR

~ tube.. -A 60 MHz NMR spectrum showed the ratio of DMSO

- 81
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'T"by dlstlllatlon through a 1 X 25 cm column packed with

(s, 6 2.68) to Me

2S (s, § 2.05) to be 3.71:1.

Reduction of 1,1'-sulfinylbisbutane with (13) (entry 2,

" Table in

. . ) . N -l
~The sulfox1del28 (16.44 g, 101.3 mmol) was dissolved

in dry pentane (300 mL) in a flask equ1pped w1th an addltlon'
funnel and a paddle stirrer under a dry nltrogen atmos-r

"phere. The ac1d (13), freshly nreggred from the sodlum

salt (17) (53.42-g, 223.5 mmol) and HC1l (50 mL), was
dissolvedﬁin dry mechylene chloride (10 mL), transferred
to the addition funnel via syringe,ﬂand'diluted wich'dny
pentane (lOOJmL).- The acid was added 6vef‘a 16 min'pe;iOd;
}Zthhstixring under dry nitrogen, and stirring continued

for 2 h, resulting‘in two‘layers. ‘The dark yellow-ofange

 layer waS’separated washed once with'pentane (100. mL),

&

~and the pentane comblned with the yellow uoper layer The .

resultlng solutlon was diluted with ether (100 mL),
“washed three tlmes with 0.2 M K2C03 (200 mL portlons),,»

drled (NaZSO ), flltered and goncentrated to ca. 70 mL-

glass helices; the remainder of solvent was removed by
- B 7 . t . - V ’ : »

distillation thréugh a 1 x.20 cm vigreaux column. The

residue was treated with decolorizing .carbon (1 x 5 cm

column, pentane elution), the solvent removed«@!r’ough a

1 x 25 cm v1greaux column, and the sulflde collected ‘as a

colorless liquid (12. 35 g, 83 3%) at 128 132° (150" mm) .
. 2N
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- The product was 99% pure by_VPC_l29 and had identical VPC
retention time, b.p., IR, and NMR to authentic di-n-butyl

sulfide.

- Reduction of dibenzyl ‘sulfoxide with (13)  [entry 3, Table II]

130

The sulfoxide (1.7845 g, 7.755 mmol) was placed-

in a flask (50 mL) under a dry nitrogen atmosphere The

acid (13), freshly prepared from the sodium salt (l7)

5.-!"'(

(3 95 g, 16 5 mmol) and HCl (4 mL), was dissolved in dry

AQ
'CH Cl (lO mL) and added in one portion via syrlnge to
()

_the flask The solutlon was stlrred 1 h at room temperature B
and an addltlonal portlon of acid (13), prepared from the
. sodium salt (2.00 g, 8.37 mmol), was added to the reactlon

mixture with dry CH Cl2 (10 mL) After stlrrlng an

7

2

add1t10nal 2 h, the solvent was removed, and the re51due
filtered through an alumina column (l 5 x 20 cm) w1th

pentane elution. After evaporatlon of the eluate, the
re31due was chromatographed on -an acthlty I alumina column
: i oy
H ,i
2Clzpilu€uoh§, Evgporatlon of solvent

from fractlons contalnlng dLbenzyl sulflde ylelded a -

' palé‘yellow crystalline res1due Vacuum subllmatlon (ca

(3 x 35 cm) with CH

1 u, 40° oil bath) ylelded a whlte cryitalllne SOlld (1. 5320
g, 92. 3%), ‘mp 49-50°. The product had 1dent1¢al TLC

(alumlna, pentane), mp, IR, and NMR to authentlc dlbenzyl

sulfide.

>
> - ‘ . X
tk . ) .
. N : .



Reduction of diphenyl sulfoxide with (13) (entry 4,

Table II)

The sulfoxidelBl'(2 8347 g,.l4 02 mmol) was placed

in a flask (50 mL) equlpped w1th a reflux condenser, under
a’ dry nltrogen atmospherer» The dcid (13), orepared fresh-
ly before each\additlon and added in- three approx1mately
equal portions over a(25 h:period‘ was obtained from the
sodium Salt (17) (14.51 g, 60. 7 mmol) and: dlssolved 1n dry
m

CH2C12 (total volume, 24 mL) Reflux-was contlnued
throughout the addltlons,'and for 3.5 h after the last

add}tlon - The solvent was evaporated from the reaction

‘mixture and the bright yellow re51due flltered thorugh an

ﬁ\alumina'column‘(l x 23 cm) with pentane elution. "The"

~eluate was removed and the re51due was chromatographed

~

on act1V1ty I alumina (3 x 35 cm column) w1th benzene

0

elution. Fractions containing diphenyl sulfide were

<
- e

combinedvand the solvent evaporated. - The colorless liquid |

was diluted with pentane and evaporated; this was repeated

3 times, finally,yielding'a‘colorlessfliquid (2:.4589 g,

94.2%) that»was homogeneous by VPCl32

(99.343¥#and TLC
(silica gel, pentane). Retention time,fRf[ IR, and NMR .

were identical,tO‘authentic,diphenyl sulfide.

@ -
Reduction of 2—methyl—2;(methylsulfinyl)propane with (13)

R

(entry 7, Table II)

’)
-

The sulfoxidel®® (0.5160 g, 4.30 mmol) was placed

84
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in a flask (25 mL)bequipped with a reflux condenser under a
dry nitrogen atmosphére. The acid (13) (8.15 g, 24:7 ,
mmol) freshly prepared before each addition and added in”

three approximately equal portlons over a 13 h period,

4

was injected in a total'volume of 18 mL dry CH2Cl2 | Reflux .
- was contlnued throughout the addltlons, and for a- further

12 h after the 1ast addltlon . Phe total product was then
*1tered through an alumlna column (2 x 30 cm), the -

solvent removed by slow dlStlllathn through al x 25 cmh ,

vigreaux column, and octane (0,1444 g) added to the
residue as an internal standard. vpcl3? analysis of the o .

vﬁfesidue'(ca 50 mL)Iwhen compared to a VPC of a standard '

)

N

solutlon composed of 0.1544 g octane and 0.1689 g authentlc

: ;\
sulflde 1n 50 mL CH2C12, showed the yleld of sulflde to |

|

be 80%, VPC retentlon time andrNMR\of the re51due_werej
identical to authentic methyl t—butyl‘sulfide.

v

-

Reductloncﬁ 2, 2'—su1f1nylbls(2 methylpropane) w1th (13)

(entry 8 Table II) - s : . ‘ R »;

| The sulfoxide135 (0. 1161 g, 0.715 mmol) was placed

’

1n a flask (10 mL) equ1pped W1th a reflux condenser under - lf

a dry nltrogen atmosphere.‘ The freshly prepared acid |

(13) (0 6545 g, 3.02 mmol) was dlssolved in dry CHCl3 SR
(3 mL) and added to the reactlon flask via syringe. After - /

14 hﬂreflux, the total product was flltered through an’

alumina column (1.5 x. 20 cm) with CH2C12 elutlon The ' .
. | R X

"
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solvent was‘removed by Slow dlstlllatlonrthrough a v1greaux'
_column (3 X 40 cm) To the residue (ca 1 mL) was added
methyl t- butyl sulflde (20.6 mg) as an’ 1nternal standard
vVPCl3§ analy31s of the resldue, when compared to a VPC

of a standard solutlon composedrof 80 mg di- -t- butyl

sulfide and 76 5 mg methyl t butyl sulflde dlluted to l ‘mL,
with CH Clz, showed the yield of. d1 -t-butyl sulflde to be
13%. The product was not characterized, a51de Trgm/the‘ |
retentlon tlme of the VPC trace. : i _d L - ;4 R

Reductlon of 4- (methylsulflnyl)toluene (enﬂry 5, Tabledll)

and tetramethylene sulfoxide (entry 6, Table II} |

These:reduCtions'were performed as-desgribed in
Table‘lngy Dr; Chi Kowk-Wong and William A. Kiele, -

,respectively.

o

) . -\ . . . ) ) . 6'2ak - ‘ . ‘ i N . . . . | . . | yi
Tris(phenylseleno)borane / (22) R . L

k3

Passage of nltrogen ‘was contlnued throughout the
: 8.

-experlment Boron trlbromlde (14 32 g, 57 .1 mmol) was
placed in a 256imL three- necke@ flask eaulpped with a
' pressure—equallzlng addltlon-funnel a magnetlc stlrrlng
ba;vand a double- walled condenser closed with a rubber
septum under a dry nltrogen atmosphere "The flask was

. cooled 1n an ice bath and the. stlrrer was started._- Dry

carbon dlsulflﬁe (100 mL) was 1njected 1nto the flask and

| - ~ , : .



:@%,

A'were then allowed to warm to room temperature and stlrrlng

- vent was:eyaporated. The residual yellow SOlld was

. of nltrogen.‘ The mlxture«was cooled sllghtly and the

‘was repeated w1th two more portlons (each 100 mL) of 1 - : f‘¥>§.

,sealedvkn;ahpoules~for’prolonged~storage.;
ybimethyl diselenide .7'(32)

- Selenlum powder (27. 39 g, 347 mmol) and NaBH4 19 13 g: p V

'242 mmol) were placed in a 1 -L flask equlpped w1th a

" Funnel

87 o

137

a solution of benzeneselehol (26.95 g,,17t16 mmol)pin -
_dry CS (50 mL) was added from the addition funnel over-

~a four hour perlod The 1ce bath, gnd hence the solutlon,

L iad RN

» was continued overnlght. The septum on: the c0ndenser

was replaced by a vacuum takeoff with tap whlch was -

’connected in serles to, a large trap cooled in- dry icer

ethanol, a tube packed w1th anhydrous calcium. sulfate, and

a water pump.» Passage of nltrogen was. stopped - and the- sol-

:!f) 5o
RIS

7

suspended in dry pentane (100 le and the Stirred mixture Ry

was refluxed for 4 h under a sllght statlc pressure

yellow supernatant was: removed by syrlnge.’-Thrs procedure

| s

‘ pentane;v The resultlng off—whlte SOlld was drled under

vacuum;‘ The materlal welghed 20.48 g (74%) It was,"

A

Thls—compound was prepared 1n a fume hood

R

magnetlc stlrrlng bar, a pressure equallzlng add1t16d\\~d/;’;

parged with dry ethanol (500 mL), and a doubler;
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‘walled condenser closed with a septum. The latter carried

-

AR

inlet and exit needles for nitrogen. The ethanol was

added over 2 h, with stirrihg,-to,the Se—NaBH4 mixture.

Ice-bath cooling was required to control the resulting

vigorous reaction. The muxture was refluxed for 1.5 h
> »

and was then cooled to - 0°C. MeI (55.0 g, 387.5 mmol)

- *

was added in one portion with stirring, and stirring was

¢

‘continued overnight.  The mixture was partitioned between

mmol) was added to commercial dry Et

water (300 mL) and pentane (200 mL). The dark yellow

pentane Tayer Was'washed with water'{(2 x 1 L). ?he initial

;o

aqueous phase (contalnlng most of both the ethanoi and

\

thek300-mL portion-of water) wa§>ex?racted with pentaﬁe
(300 mL) and this organic'extrect was washed once with
water (200 mL). The pentane %gyers were combined and
dried ano dimethyl diselenide (15.62 g} 47%; was‘isolated
by distillation as a bright yellow 11qu1d sultable for N
the next stage: b p. 55-60° (- SO mm) .

62b

Tris(methylseleno)borane (32)

»

This compound was prepared under a slight static
pressure of nitrogen. Dimethyl diselenide (15.62 g, 83

,0 (200 mL) contained

[

in a 500 mL flask carrying a double-walled condenser
fitted with a septum (which was used for introduc¢tion of

nitrogep). The ether solution was stirred magnetically

and cooled to about -80° by a dry ice-acetone'bath.

88
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¢

LiAlH, (1.80 g, '47.5 mmol) was added in one portion and
the'mixture,uas stirred for 72 h, the cold -bath being
ailowed to attain room temperature during the first 2—3

h. After the 3 -day period BFB\Et 0 (8 40 g, 59.2 mmol)

Qas injected through the septum at the top of the condenser
‘and the suspension was refluxed w1th stlrrlng for 6 h. |

The mixture was cooled and volatile material was evapo—

rated at room\temperature using an oil pump and a. large

- trap cooled by llgUld\nltrogen The residual grey sludge -

P

was then distilled (behlnd a safety Shleld) under oil
pumo vacuum and u51ng an 011 bath that was taken up to
120°. Trls(methilseleno)borane (12.56 g, 77%) was ob-

tained as a pale yellow liquid: b.p. 83-85° (0.1 mm);

NMR (CDCl;) &8 2.17 (s). The material solidifies when
stored at -10°C | v

\
Preparation of 3,5—di—g—butyl—l,2,4,3,5-triselenodiboro—
lane72 (gé)

©

Seleniumhshot (13.4.§, 169.7 mmol) was placed in a

‘round bottem flask (50 mL) equipped with a condenser, a
rubber septum and.a magnetic stir bar, under an atmos-
phere of argon. The exit»needle was not removed during
the ‘experiment. Trihutylborahe‘(30.48 g, 167.3 mmol)

was added tovthe reaction flask via .syringe, and the
flask placed in-a 230° oil bath.withvmagnetic stirring
overnight., The total product was distilled through a

-



.[calcd for C_H._.B 80Se

"times with water (300 mL portions), drled (Na

. b

4

vigreaux column (2 x 5 cm) collecting a bright yellow
liquid (18.7 g, 89%1, bp 117-125° ’2.5 mm) ; m/é 375.9108

375.9090] .

8 1872 3l

[

D

[ )

14(Methylsulfinyl)—2—heptadecanone (25)
’ i - ———

This compound wagigrepared from sodium hydride
(i:87l7 g, 44.5 mmol->57%.dispersion in oil).in DMSQ
(30 mL) and méthyl,palmltate (lO 0- g, 37.0 mmol) in drf
THF (10 mL) exactly accordlngnto the llterature.25
Work-up consisted of pouring the reaction mixture into

water (300 mL), addition of HCl to pH 1 and extraction

| intd‘CHc13 (400'mL). The CHCly layer was washed three

2so4),

filtered and‘evaporated.' The residual paste was placed

-on a silica gel column {3 x 10 cm), eluted with CHCl3

and then ether, the product coming in the ether fractions.

v co ~ . .
The ether fractions were evaporated and the white solid

residue recrystallized from ethyl acetate (30 mL) yiélding

2:40 g (20%) white solid (m.p. 96.0-97.5°); IR (cHC1 ) :
1 -1 |

/1708 cm © (C=0), 1030 ¢m ~ (S=0); NMR (CDC1;) 6 1.7-0.8

- (29H), 2.60 (t, J = 6 Hz, 2H), 2.68 (s, 3H), 3.77 (AB q,

i

J‘;"lQ\HZ, 2H); m/e 315.2365 [calcd for C (M‘i),

18 35 2

315.2358]. Anal. Calcd for C C, 68.30; H, 11.46;

18 35 2"
+ , <«
0, 10.11; S, 10.13. Found: C, 68.34; H, 11.39; S, 9.84.

K -
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3 \
(g)jl—(Pheny{?ulfinYl)-1—pentene (gg)

This compound was prepared from brs(phenylsulflnyl)—
methanel39 (4.79 g, 18.1 mmoh), sodium hydride (0.7819,g,:
18.2 mmol) and l—bromobutane (2.94 g, 18 2 mmol) in dry
HMPA (50 mL), followed by the addltlon of trimethyl
phosphite (2.29 g, 18/5 mmol) after 12 h, exactly accor-
dlng to the llterature 3 The work- -up con51sted of par-
tltl?nlng the reaction mixture between water (300 mL) and
eth@é (500 mL), -washing the ether layer with water, (two
tlmés, 300 mL portlons), drylng (quo ), filtration and
evaporatlon. The residue was blaced on an alumina column
}2 X 60 cm) with gradient elution (5-10% ethyl acetate
in hexane). Fractlons containing product with Rf-ga
0.5 (alumina, 20% ethyl acetate in hexane) were evaporated
and the residue distilled (Kugelrohr) yielding a_pale
yellow liquid (0.5957 g, 16.9%), b p 120° ko.éd’mm); IR

(neat) 1046 cm L; NMR (CDC1,) 6 0:90 (t, 3

5 Hz, 3H),

1.49 (hex., 2H), 2.09 (dt,-2H), 6.20 (d, J

15 Hz,,6 1H),

6.60  (AXY dt, Jax = 6 Hz, J =.15 Hz, 1H), 7.2-7.8 (5H) ;

XY

m/e 194.0769 [calcd for CllHl4OS 194.0766]._ <::/ )
Anal. Calcd for Cll 14 0S: C, 68.00; H, 7.26; 9, 8.23;
-5, 16.50. Found: C, 67.95; H, 7.32; S, 16.40. . V

£
r

1-(Phenylthio)-l-pentene (29) :

This compound was prepared from dimethyl phenyl-

140a

sulfonomethanephosphonate [eq. (48)] (llfSOCg,

91



'57.2 mmol), sodium hydride (2.42 g, 56.5 mmol, 56% o
dispereionkin‘oil) and butanol (4.07 g, 56.4-mmol[vin drv A
toluene (80 mL) according to the literature®® prodedure.

~ After belng stirred 2 h at 80°, the reactlon‘hixture was.
washed with water (100 mL), drled (MgSO ),‘the solvent
evaporated and the re51due dlstllled through a v1greaux

" column (1 x 15 cm) tovafford a colorless liquid (5.20 g,

' 140b .

51,7%), b.p. 103-I06° (1.5 mm). An IR ‘spectrum (neat)

was 1dent1cal to a spectrum of the product 1solated from the;

-reduction of (28); NMR (CDCl ) § 0.8 (dt, 3H), 1.28-1.62

(m, 2H), 2.00-2.31 (m, 2H), 5.67?6.22

(m, 2H), 7.1-7.4 (5H).

Y

Methyl phenoxymethyloephalosporin 8—sulfoxidel

Phenoxymethylcephalosporin g-sulfoxide (0.1044 g)
was dissolved in CHCl3 (QP'QL), cooled to 0°;_and ethereal
diazomethane added dropwise with stirringbuntil the yellow
color persisted.' The solvent was evaporated and the‘ i
reeidue dissolved in a ;mall amo?ntnof CHCl3 aﬁd |
’chromatographed onNa,silida gel’colomn (2 x 15 cm) with
ethyl acetate elution. Fractions containing material

w1th R _j“o 4 (5111ca gel ethyl acetate) were evaporated

yielding white needles (88. 0 mg), mp 228-230° (dec.); v
-1

IR (CHC13) 1800 (B-lactam), 1729, 1690, 1060 (S=0) cm i
~m/e 378 (low resolution); NMR (CDC13) was consistent with
published data.1%? - | .

.92
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' mmol) was dlssolved in dry CHCl3 (2 mL) undér a dry nitro-

- [ . - by )J\
" & ! ‘ s
F AN

Reduction of'diﬁenzyl sulfoxide with (22) (entry'la,

P —

i

Trls(phenvlseleno)borane (gg)‘(0.8318 g, 1.736

&
gen atmosphere, and cooled to -30°. A solution~of the

sulfoxide (0 5129 g, 2. 229 mmol) in dry CHCl (1 mL)

3

was added to the borane solutlon via syrlng in one portion,

and stirred 1.5 h’ at -30°. The reaction mlxture‘was then
flltered through an alumina column (l X 7 cm) with CHCl
elutlon The solvent was evaporated and the yellow
§981due chromatographed on anJalﬁmina column (2 x 50 cm)
with hexane elution ’ The solvent was removed from the—
fractlons Contalnlng the sulflde, yleldlng a white crystal—
11ne SOlld (0 4383 g,'91 8%), mp 48- 51°‘ The product
had41dent1cal mp, IR, 'NMR, and Rf.(aIUmina, hexane) to
authentic dibenzyl sulfide.

{ o f R J

. : . .

Reduction of dlbenzyl sulfoxide with (32) (entry 1b,

Téble IV)

Theasulfoxlde (0. 2844 g, 1.236 mﬁol) was,diseolved
in dry CHCl3 (3 mL) - andVFoo ed to b° under a dry nitrogen
atmosphere. Trie(methylsel o{borane (;g):(0.2782 g,
0.950 mmol) was added to th¢ solution neatdvia fyringe,

and the solution stirred 0.25 h.at g° and 2.5 h at room

temperature. .The solvent-was evaporated from the reaction

. » »
T o :
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mixtnfe; and the residue flltered through an alumlna
'Hcolumn (l X 5 cm) w1th hexane elution Mntll alle sulfide
had cqome gff the column. {The\sﬁireﬁt was evaporated,
~and. the yellow so0lid residue ebacuﬁted (~<0.1 mm) onernight
yielding white‘solid (0.2347 g, 88.7% ), mp 48~ 50° Y
'The product had identical mp) IR, NMR and Rf (alumina,
ohexane) to authentic dlbenzyl sulflde

i

Reduction of dibenzyl sulfoxide with (36) (eq&ry lc,

. AN
Table 1V) ‘ : . AN
‘.. _,:‘ . .

(a) . The sulfox1de (0. 1229 g, 0.534 ﬁmol)dwas
dlssolved in dry CHCl3 (3 mL) and the SOlutlon cooledxto
=-30° under an inert atmosphere Addltlon of neat 3 5-
~dibutyl-1,2,4,3, 5 trlselenodlborolane (gg) (0.2120 g,
0.569 'mmol) v1a syringe caused an immediate red preci-
pitate. After 5 mdn at -3bé,fa further portion of borolane
(0.0420 g)kQ.llB mmol) was added, /the solution stirred |
an additional 20 min at f30° and the total product
fdltered through an alumlna column (l X 2 cm) with CHC13'

elution. The solvent ,was evaporated, and the residue

vchromatographed on an alumlna column (1 x 30 cm) with

v .
N

. hexane elution. The fractions containing Qhe sulflde were

fag
evaporated yleldlng a white crystadline solid (85.3 mg,
74.6%),'mp 48—50?. The product had 1dent1cal mp, IR, NMR,
/

and Rf (alumlna, hexane) to authentlc dlbenzyl sulflde

(b) The sulfox1de (20 7 mg, 0.090 mmol) was

94
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.dissolved'in'dry.CDCl (0 5 mL) in an NMR tube and cooled

@ to ca. -70° under a dry nltrogen atmosphere The borolane - *

R

(3_6) (98.2 mg, 0.264 mmol) was added to the, tube resultlng

’
in a bright yellow solutlon An NMR spectrum at a probe

temperature-of v=55¢° showed a large 51nglet at 6 3. 53
) / ¢

1dent1cal to dlbenzyl sulflde No other methylene 51gnal
" was seen. Changlng the probe temperature to —45° -35°’

and +32°‘resulted in no apparent change in the spectra
rJ
Above.—35°, a red precrpltate started to form

. "r

<+

~
N

Reduction of.diphenylsulfoxide with (22) (entry 2, Table\gy)

~

'l‘ris(phenylseleho)borane (22) (1.2352 g, 2.579
mmo1l) wés'dissolved in dry CHCl3 (1 mL) .and cooled to 0°
~under’a dry7n1trogen atmosphere The sulfoxide (0.7640 g,
3.778 mmol) was dlssolved in dry CHCl3 (1 mL)-and added

to the borane solutlon in one portlon via syringe,

followed by two 0 5 mL CHCl. rinses. The solution was

3

stlrred at 0° for O 5 h, at room temperature for 1 h, .

and then flltered through an. alumina column)(l X 5 cm)

with CHCl3 elution.. _The solvent was evaporated, and
‘decane (0.6450 g) added to the yellow liquid as an internal
standard. The residue-was diluted with CHCl3 (5 mL), and
VPC143 analys1s, when compared to a VPC of a Standard
solutlon composed of authgntic diphenyl sulfide (0. 1753 g)
and decane (0. 1307vg) in ELC13 (1 mL),lshowed a yield

_of 91% sulfide. The solvent was evaporated from the

s

"

i



3
reactlon mlxture, the re51due dlssolvedaln methanol (10

'7mL)«and NaBH4 added ‘in small portlons untll a falnt yellow

color was obtalned ThlS mlxtUredyas 1mmed1ately par—»
: 1

' tltloned between 1 M NaOH (50§nL and 30 60° petroleum

e her (50 mL) The petroleum ether was drled (Na2504)
A

fllteréd, evaporated,'and the yellow re31due chromato—

graphed On an alumina column, (1 x 20 . cm) elutlng w1th .

'heptane Colorless fractions containing the'sulflde were'
1% . - !

evaporated and the product distilled in a' Kugelrohr'
.-

appardtus affordlng a colorless lquld bp 180° (25 mm).
The product had 1dent1cal IR, NMR Rf (alumlna, hexane) ,
and retentlon time (VPC) to authentlc dlphenyl sulfide.

: N " ! N N ) '.-v
‘Reductiocn of 2;2'—sulfinylbis(27methylpro<ane)twith (22)

(entry 3, Table.EY)

Trls(phenylseleno)borane (22) (o. 2902 g, 0. 605
\ mmol) was dlssolved in dry CHCl3 (1 mL) and cooled to 0°
under a nltrogen atmosphere - The sulfoxide (0.1322' g,
0.815 mmol) was dissolved in dry CHCl - (0. S-mL) ahd
 added to the borane solution in one portion yia%syringe,
tollowed hy a 0.5 mL CHCl rinse Dodecane (0. 0898 g)r

3
was added to the solutlon, the cold bath removed, .and the

&

reactiomfollowed by VPC.144 snalysis of the solution

N

by VPC after 1 h, When compared to a standard solution
composed of di- t ~butyl sulflde (0 1051 g) andddodecane

(O 0838 g) in CHCl3 (2 mL), showed a yleld of 83.6%



-

“sulfide. After 7 h at room temperatur§/ the yleld was

84;9%.1 Most of the solvent from: “the reactlon mlxture was

x

evaporated -and the re31due dlstllled (Kugelrohr apparatus)
rto afford a colorless llqu1d (CHCl3 and sulflde by VPC), b p

T

120° (atmospherlc pressure). This lquld was redlstllled
rln the same manner, dlscardlhg an 1n1t1al cut, and collecting
a colorless llquld at 125°. The product had identical IR

’ \\ M

;and retentlogltime to authentic di-t-butyl sulfide.
Y r : - T

. ¥
Reductlon of 1- (methylsulflnyl) 2~ heptadecanone (25) with

(22 fentry 5, Table 1v) . - . .

’Tris(phenylseleno)borahe'(gg) (0.5875 g, 1.226

o

R

mmol) was dissolved in drY'CHCl (5 mL) and cooled@ t&-Q°

3

. . \' . :
under a dry nitrogen atmosphere The ketosulfoxide

(0 5823 g, 1.84 mmol) in dry CHCl, (3 mL) was' added in

3

one portlon to the borane solution via syrlnge, followed
by two O.S-mL CHCl3 rinses. After stirring 1 h a¥§ 0°

‘and 1 h after removal of the cold bath, the solvent was

\

evaporated and the residue chromatographed on an alumlla
column (2 x 20 cm) with 2% ethyl acetate in hexane.

‘Fractions containing the product (26)‘VWEHBeV@QKaUXiyiekﬁﬂg

“

a whlte solid (0.4555 g, 90.0%), mp 40-43°; IR (cc14)

1709 cm l; NMR (cpcl,) 6 0.8-1.7 (29H) , 2.06 (s, 3H),

//

2.58 (t, J = 7 Hz, 2H), 3.15 (s, 2H); m/e 300;j389,[ca1cd

rfor C

18 36

30072487].‘ Anal Calcd for C18 36°



tsolyed;in‘dry~CDCl

i

'C, 71.93;-H, 12.07; 0, 5.32; 's, 10.67. Found: G, 71.83;

H, 11.89% S, 10.68.

———

Reductior of (g)—l—(phenyléuifinyl):i—butenez( é)'

P

(entry 4, Takle IV)
e =

(a) Trrs phenylseleno)borane (22) (0.2067 g, 0. 4315

mmol) was dlssolved in dry CHC1 (3 mL) and cooled to 0°

3
under a dry nltrogen atmosphere. The sulfox1de-(0.1258

Ed

g, 0¢647 mmol) in dry CHC13 (0.5 mL) was. added 'in one

portion via syringe to the borane solutiOn, followed by

_two 0.5 mL CHC1, rinses.' ‘After stlrrlng 0.5 h at 0°,

3 -

the solVent was evaporated and the re51due chromatographed_

on a silica ge% column (l(x‘40 cm) wit! hexane elution.

Fractions containing the-product (Rf ca. 0.5, silica gel,
s ' »

hexane) were evaporated and the residue dlStllled (Kugel-

rohr) yielding a colorless liquid (0.0997 q, 86%)

110° at 25 mm. 140b NMR of this. product was 1dentlal to

*

that obtained| from, the Horner- Wlttlg reaction; IR (neat)
1

| 1585'cm‘ ; NMR (cmc13) § 0.85 (dt, 3H), 1.30-1. 65 (complex,
'2H), 2.00-2. 28 (complex, 2H), 5.70-6. 23 (complex, 2H) ,

‘7.0-7u5'(5H);.m/e 178w0820 [calcd for c, H.,S,

11 14

178.0816]: . T e

‘(b) The sulfoxide (73.0 mg, O. 376 mmo1l) was dis-

(2 mL) and cooled to 0° under‘a

z,
- Ay

"3

@
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dry nitrogen atmosphere.v'Tris(ﬁethylselenofborane‘(ég)
(L03;5 mg, 0.353‘mmol)'wae added neat via syringe. ‘Aftefl
10 min. stirring at 0°, the solution was filtered\(cotton
wool) into.an NMR tuteﬁ The'spectrum was superimposable
on that ofrthe product’isolated above, e#cept'foﬁ a lafge
singlet at § 5753 due to diuethyl diseienide.

£

Analysis of vinyl sulfide products"~

“l¥(Pheuylthio)—l—peptene‘(29) (0;4582 g, 2u570
mmol) from the Horner—Wlttlg reaction was dlssolved in
CH2C12 (30 mL) in a flask equlpped w1th an addltlon'n
funnel, and”cooled to =30°. A solution of 85% mechloro—;'
perbenzoic acid (0. 5208 9 2.51 mmol). in cn“tl (10 mL)
was added dropwise over a 10 min. perlod; After being
stirred O.g h at —30°.'the reaction mixture was washed w1th -

o

5%"NaHCO3 {(two 70 mL portlons), washed once w1th water,
dried (MgSO ), flltered and evaporated The re51due was
chromatographed on an alumlna column (2 5 x 20 cm) and
eluted 1n1t1ally with 5% ethyl acetate in heptane (100
mL) , then 10% ethyl acetate in hgptane, yleldlng two
products Fractlons with the faeter mOV1ng product ft‘k\ lfa
(Rf ca. 0.9 alumiqa,_ZO% ethyl acetate in hexaue) were s
evaporated'yieiding a colorle;e liquid (0. 1880, 37.7%),
‘judged to be (E)—l~(phenyléulfinyl) -1- pentene (28)

on the ba51s that its proton NMR and IR spectra were

1dentlca; to an authentlc sample prepared above Fractionsf : ///'



av

with the slower moving product (Rf;gaQ 0.45, alumina,. °
. - a :

20% ethyl acetate.invhexane) weredevaporated yielding a

colorless liquid (0,1865, 37.4%) judged to be (z)-1-

NMR data below: IR ‘(neat): 1040 qm‘l- NMR (CDC1,) 5

t
L4

(phenylsulfinyl)-l-pentene (30) on the basislof the proton

1.00 (t, J = 6 Hz, 3H) 1.53 (hex., 2H, 2.4-2.8"(m,
2H), 6.20 (s, 2H; changed to ABq, J\— 9 Hz on addltlon

of Eu(fod) 37 irrad. 6§ 2.6)., 7.40-7. 70 (SH).

.

- Reduction of methyl phenoxymethylcephalosporin B-sulf-

oxide (31) with (36) (entry 7, Table'iV)

'J )

The sulfox1de (106.6 mg; 0.282 mmol) was dlssolved

in dry CHCl (10 mL) under a dry nltrogen atmosphere in

&

o a flask equ1ppe w1th a reflux condensor. 3,5—D1—gf

butyl—r,z 4,3,5 trlselenodzborolare ( 6) (406. 4 mg,_

o1, 092 mmol) was added neat via syringe and thessolution

refluxed-for ZA h. DMSO (64 mg) was added and the total

' reaction mixture chromatographed on.a silica gel column

(2 5'x 12 cm) w1th 4% ethyl acetate in CHCl3 elution.

The fractions- COntalnlng the sulfide (Rf ca. 0.5, Silica?

gel, 1:1 ethyl acetate, CHCl ) were evaporated and chromato—

graphed on a 8111ca gel column (2 5 x 15 cm) w1th ether

A/“\elutlon.‘ Fractlons contalnlng the sulfide were evaporated

‘and the pale yellow SOlld was recrystalllzed from ether

(5 mL) THF (2 drops) by coollng to. ca. -70°. " The white

#*

needles were collected, and recrystallized from ether

3

100
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(6 mL)-THF (5 drops) by cooling to ca. -70°. The product 3
. [ .

was collected and washed with ca. -70° ether yielding

white needles (29.2 mg, 28.6%), mp 128-130°. The liter-

aturél45'reports the sulfide mp 137-138°; however, IR and

proton NMR data were ideﬁtical to ‘that reported ‘in the.l

literature.145

' 4

-

Reduction of dibenzyl sulfoxide with (22) in the prekence

of an ester (entry 6, Table 1IV) A .
. ; == =¥ :

Tris(phenylséleno)borane (22) (0.4584 g} 0.958
mmol) was diésolved in dry CHClé&(l mL) and placed under
a dry nitrpgen atmosphere. Methyl palmftate (0.7775 g,
2.874 mmol) was dissolved in dry cnc1$'(1 mL) and added
to the borane solution via syringe, along with two 0.5 mL
CHC1 rin%es. After sfirring 12 h at room temperature,

3 .

the sulfoxide (0.3128 g, 1.360 mmol) in dry CHC1l, (1 mL)

3
was added to the solution via sytinge,@albﬁg Qithrtwo

0.5 mL CHCl3 rinses- Affer stirring 1 h at room %émperéture,
the solvent was eéaégrated andb£he residue chromatographed
on a si;ica_éel column (2 x 24 cm) with hexane elution.

The colorless fractions cOntaining the sulfide and ester

(Rf 93;50.5 and O.3,rrespectivei§, alumina, hexane) were
evaporated and chromatographed bn an_alumina column

(2 xLSO cm) with:hexgneielutiOn. The fractions containing‘P

* the sulfide were evaporated yielding a white crystalline

solid (0.2461 g, 84.6%), mp.47-49°. The product had »



» , 102

identical mp, IR, NMR, and Rf as authentic dibenzyl
sulfide. The fractions containing the ester were evapo—

rated yielding a white waxy solid (0.5613 g, 78.2%),
mp 28-31°. The product had mp, IR, NMR, and Rf identical

with authentic methyl palmitate.

—

’ ' ‘ A

. 146 -
Prepgratlon of Selenoacetals '

y

3,3—B§s(phenylseleno)—Sa—cholestane (entry 1, Table V)

i (a) ﬁithout acid catalysis. A solution of
5a-cholestan—3—0n§~(l60 mg; 0.42 mmol) in dry CH2C12
(1 mL) was injected over 10 min; to a stirred solu£ion
of triﬁ{phenylseleno)borane (22) (131 mg; 0.27 mmol)
in CH2C12 (2 mL) that was cooled by a bath set a% -30°C.
More CH2C12 (2 x5 mL) was used to rinse all the kefone
from its initial containing—flask into the reaction
vessel. After 30 min. consiéérable ketoné was still
preseﬁt'(TLC). THe reaction vessel was dlloWed‘to warm
tdrfégﬁttemperature (over about 1 h) and left for a
further -1 h, by which time no gtarting ketone remained
(TLC) . The solvent wéé evaporaﬁgdiand chromatography of
the residue ovér alumih; (ébﬁ'éo cm) with pentane afforded
25§ng (89%) of selenoacétal as 4 homogeneous (TLC,
alumina, pentane) o0il; NMR (CDCl3)~6 0.2-2.2 (m, incor-

porating br s at 0.35.and 0.56, 46H), 7-7.9 (m, 10H).

The material was identical with a sample made82 by



~ i, Vo
treating an ethereal mixture of S5a-cholestanone and

. &7
benzeneselenol with HCl gas. The latter sample’ had exact
mass 526.3069 [caled. for Cysfic, “OSe (M-PhSe), 526.3078]

and was analyzed. Ana¥. Calcd for CygHc Se,: C, 68.60;

4

H, 8.27. Found: C, 68.67; W, 8.27.

%
-3
{

\

(b) With acid catélysis. A solution of 5a-
choiestan-3—one (98 mg, 0.25 mmol) iﬁ CHCl3 (O.SVmL) was
injected with,stirring into a flask containing tris-
(;Lenylseleno)boranc (22) (8£'mg, 0.17 mmol). MoféACHC13
‘(2 X 0.5 mL) was used to rinse the ketone from its initial
containing—flask into the reaction vessél. TFA (2 uL,
0.026 mmol) was added to the reaction mixturé. No ketone’

. &
remained after 40 min (TLC). The solution was placed
oﬁ a column (1 x 3 cm) of alumina. Elution with CHCl3
(50 mL) gave a crude product which was purified by PLé

(one alumina platetdeveloped with pentane). The appropri-

ate band waé eluted with CHCl3 to afford 152 mg (88%) of

selenocacetal as a homogeneous (TLC, alumina{ pentane)
' 82

oil identical with an authentic specimen.

~

3,

2,2—Bis(phenylselenol;ricyclo[3.3.1.1 7]decane (entry 2,

P . F

"Table V)

(a) Without acid catalysis. Tricyclo[3.3.i.l3’7]—
decan-2-one (66 mg, 0.44 mmol) in CHCl3 (0.5 mL) was

~injected with ‘stirring into a flask containing tris-

103
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(phenylseleno)boraneo(22) (149 mg, O. 3ll mmol) . More
CHCl3 ( 2 x 0.5 mL) was used to rinse the contents of the
| syringe into the reaction vessel. After a reactlon period

"of 24 h the mthure was applied to a column of alumina

(1.5 x 3 cm) made up with CHCl.. More CHC1, (150 mL)

: 3 , 73
was passed through the column and the eluate Was evaporated.
The product was separated by PLC (one alumina plate
developed with péntane). The approoria;e band was eluted
with CHClB»and the solution was evaoorated to give 165 mg
(84%) of selenoacetal as a homogeneous . (TLC alumina,.
pentane), colorless solid: mp 152-155 C; NMR (CDCl )

§ 1.44-2.20 (m, 10H), 2.6-3. O (m, 4H), 7.12-7. 45 (m,, 6H),.
7.62-7.9 (m, 4H). Analytlcally pure material from a

different experiment82 hag mp 153-154°C; exact mass

291.0648 [caled. for ¢, H ,%%se (M-phge), 291. 06521 .

Anal. Caled for C,,H,,Se,: C, $59.20; H, 5.42.- Found:

C, 59.32; H, 5.44. g '
\ ‘ ‘ I

33714

decan-2-ohe (45.4 mg, 0.302 mmol) in CHCl3 (0.5 mL) was

(b) With acid cétalysis. Tricyclo[3.3.1.1

injected with stirring into a flask containing trisf y
(phenyléeleno)borane (22) (96.5 mgllb.202vmmol). More
CHCl3 (2 x 0.5 mL) was used to rinse the contéhcs of |
(toe syringé ioto the reaction vessel. TFA (2 uL, 0.026
mmol) was injected immediately. After 1. h the rcaction

mixture was applied to a column of alumina (1 x 3 cm)



£

l t

madelup with CHC1 More CHCl3 (50 mL) was.passed through

3
the column and the eluate was evaporated * The product was

separated by PLC (one alumlna plate developed\with pen-

. '\\ ’
tane). The appropriate band was eluted with-CHCl3 and
the solution was evaporated to give 85.5 mg (63%) of

selenoacetal; mp 152 -155° c.

5,S—Bis(phenylseleno)nonane“(entry,3, Table V)

A

(a) Use'of‘Eftoluene sulfonic acid. Nonan-5-one

(98 mg, 0.69 mmod)’ and then‘one crystal of p-toluene

‘sulfonic acid monohydrate were added to a stirred solution

of tris(phenylseleno)borane (22) (231.mg, 0.48 mmol) in

CHCl3 (3 mL). Some ketone appeared to be present (TLC)

after 2 h. After an overnight reactlon perlod the solvent

was evaporated and the product was separated by PLC

(one alumina plate developed with pentane). The ‘appro-

i

priate band was eluted with CHC1 Evaporation affordea\\

3-
242 mg (80%) 6f‘seienoacetal‘as a homogeneous (TLC,

alumina, pentane) oil, identioal to a sample made using

)

TFA. '

(g) Use‘of TFA. Nonan—S—oae (35 %g, 0.24.mmol)
and then TFA (2 %?' 0.026 mmol) were injected into a
stirred solution of tris(phenylseieno)borane (gg)
(76 mg, 0.16'mmoi) EB CHC13\Y‘2\mL).° After an arbitrary‘

period of 1 h;the mixture was applied to a column of

4



10¢

[ —

alumina (1 x 3 cm) made up with CHClB.‘ More CHCI,

(60 ML) was passed through the column and the‘eluate
" was evaporated The product was separated by PLC (one
alumina plate developed w1th pentane) The,approprlate

band was eluted with CHC1 Evaporatlon of the solvent

3°
gave 79 mg (73%) of the selenoacetal as a colorless,

147
-analytlcally pure oil. ~ °Anal. Calcd for C21H28 '

C, 57.54; H, 6.44. Found: C, 57.50; H, 6.49

l,l—B_is(phenylseleno)Undecane23 (entry 4, Table V)

(a) Use of p—tbluene sulfonic acid. Undecanai

(114 mg, 0.67 mmol) and then p—toluenesulfonic.acid.moho—
hydrate (ca 0.1 mg) were added to a stirred solution

of trls(phenylseleno)borane (22) (222 mg, 0.46_mmol)

in CHCI, (3 mL). After &n arbitrary period ofk4 h the
'solvent“was evaporated and the product was separated by
PLC (one alumina plate developed with pentane). The
approprlate band was eluted with. CHCl3 and the solution
gwas evaporated to-yield 243 mg (78%)’of the selenocacetal
as aphomogeheous (TLC, alumina, pentane{ oil:148 ﬁMR

(CbC1 ) 6§ 0.7-2.12 (m, 21H)., 4.45 (t l1H, J = 6.4 Hz),

7.1-7.34 (m, 6H), 7.38-7.66 (m, 4H) ; m/e 468.0382 [calcd

80

for C23H32 Sez, 468.0834].

$

(b) Use of TFA. Undecanal (62 mg,IO 364 mmol)
and then TFA' (2 uL 0.026 mmol) were 1njected into a

S



’

vstirréd solution' of tris(phenylseleno)boraﬁe (gg) (122

mg, 0.25 mmol) and CHCl3 (2 mL).  After an %rbitrary period

(3

of 1h the mig?ure was applied to a column (1 x 3 cm)

of alumina made up with CHC13.H More‘CHCl3 (50 mL) was

\

passed through the-column and the eluate was éyaporated.

The product was separated by PLC (Qné alumina plate de- -

\

~ i , .
veloped swith pent@ne). The appropriate band w%s eluted -
. N i R b’ . " ! N )

| . Yy , |
with CHCl} :ld the solution was evaporated to afford

K . L

135 mg (79%) of the selenoacetal as a cplorless oil

identical with material made using p-toluenesulfonic acid.

-~

a

4—t—Butyl—l,l-bis(phenylseleno)cyclohexane kentry 5, Table.y)

%

4—£;Butyl—cyclohexan0ne (292 mg, 1.90 mmol) in

CHCl3v(l‘mL3 was injected‘intoa stirred solution of tris-

(phenylseleno)borane (22) (618 mg, 1.29 mmol) in CHCI,

(2 mL).' Three portions (0.5 mL each) of CHC13‘were_used" o

to rinse the contents of the syringe into the reaction
Qessel. TFA (5 uL, 0.65 mmol)_was then added to the
-ﬁixtﬁre. After 18 h the-solveﬁt was evgporéted and the
residue was dissolved in a mixture of,méthaﬁOlJXB mL)
and benzene (3 mL) . NaBH gés added in small portions

w4 .
' 'to the stirred solution until only a very pale yellow

¥

color persisted. The mixture was immediatély partitioned

between pentane (100 mL) and 5% w/v aqdéous Na2CO3

(50 mL) . The organic layer Wwas washed once with wéter,

& , _ B ] _ o _ v
dried and evaporated: Chromatography of the residue over

107
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o

alumlna (3 X 50 cm) w1tﬁ pentane aad removal of the solvent
gave 686 mg (80%) of tge gelenoacetal as a pale yellow,
homogeneous (TLC, alumlna, pentane) and analytlcalgy,pure
(desplte 8° meltlng range) SOlld mp 81-89°C; NMR (CDCl )

6 0.6-2.25 (m, 1ncorporat1ng a 51nglet at 0.8, 18H),

7.1-7.95 (m, 10H); n/e 452. 0543 [calcd for C22H28808e2,

452.0521]. Anal. Calcd for C22H28 €,:.C, 58.67; H, 6.27. P

.

Found: C, 58.66; H, 6.30. CrystaliZation from 2:1

’methonal—acetone gave plates: mp 89-91°,

.l,l—Eis(phenylseleno)cyelopentane (entry 6, Table V)

Cyclopentanone (145 mg, 1.73 mmol) was injected

‘

into a stirred solutlon of trls(phenylseleno)borane (22)

(583 .mg, 1. 22 mmol) in CHCl, (3 mL). TFA (SuL, §.065

3
mmol) was added After 3 h149 -the solvent was evaporated
"and the re51due was dissolved in MeOH (3 mL). NaBH

was added in small portions to the stirred solution until

the yellow color was dlscharged The mixture was immedi-

'ately partltloned between pentane (50 mL) and 5% w/v

haqueous Na2C03 (50 mL) The pentane layer was washed

once with water, dried and evaporated. Chromatography
of the re51due over alumina (3 x 5 cm) with pentane gaVe
319 ‘mg (48%) of the selenoacetal as a Whlte, homogeéneous

(TLC, alumlna, pentane) SOlld NMR (CDCl ) & 1.4-2.2

3
(m, 8H), 7.1-7.5 (m, 6H), 7.5-7.9 (m, 4H); m/e
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225.0153 [caled for C,,H.-20Se (M-PhSe) 225.0182]. No

11713

further purification was needed for éhalysis. Anal. calcd

for C17H188e2: C, 53.70; H, 4.77. Found:‘C, 53,90,‘H,

4.85. Crystallization from 2:1 methanol-acetone gave
plates: mp 73-75°C.
[l,l—BiSXphenylseleno)ethyl]benzepe (entry 7, Table V)

. i s ~ ES————

Acetophenone (35 ﬁ§7v0.29 mmol); and then TFA
(2 uL, 0.026 mmol) were injected into a stirred solution

of tris(phenylseleno)borane (22) (104 mg, 0.22 mmol)

150a

and CHCl, (2 mL). After an arbjtrary period of 1 h

3
the mixture waSvapblied to a cdlumn (1 x 3 cm) of alumina.

. made up witﬁ CHC1 More CHCl, (50 mL) was passed through

37 3
“the column and the eluate was evaporated. The product
was geparated by PLC (one alumina plate developed with

pentane):‘ The.appropriate band was eluted with CHCl3

and the solution was evaporated to afford 63 mg (528%)

of the selenoacetal as a colorless analytically pure oil.150b

e 4

Anal.‘Calcdvfor CZOHlSSeZ: C,'57f7l; H, 4.36. Found:

C, 57.72; H, 4.54.

(~}Q1g7néphthyl)—1,l—bis(phenylseleno)ethane (entry 8,

Table V) . ’

2-Acetylnaphthalene (104 mg, 0.61 mmol) in CHCI,

(0.5 mL) was injected into a stirred solution of tris-




(phenylseleno)borane (22) (202 mg,—0.42 mmol) in CHC1

3
(1.5 mL). More CHCl3 (2 x 0.5 mL) was used to rinse. all

the ketone from its 1n1t1al container 1nto the reactlon

>

vessel. TFA (1 pL, 0.013 mmol) was added to the mixture

resulting in the formatlo of a deep red celor. After

3.5 h‘a trace of ketone remdined. 151a The solvent was -

.evaporated and the selenoa etal was 1solated as a. yellow
r »
'011 (98 5 mg, 34%) by chromatography over alumina (1 x

50 cm) with 99:1 hexane-ethyl acetate. Crystalllzatioh

from hexane (1 mL) gave 82 mg (28%) of the selenoacetal

lSlb

as a solid£~mp 86-91°. Pure material “has mp 88~ 92°

1,1—Bis(phenylseleno)undecanz (entry 1, Table vVI)

A magnetlcally stlrred mlxture of trls(phenyl—

seleno)borane (_Q) (368 mg, o._77 mmol) in CHCl; (4 mL)

was cooled ih an ice bath. l 1~ Dlmethoxyundecane152 (55)

(228 mg, 1.05 mmol) was addqd from a syrlnge over 4 min

and then TFA (15 uL, 0.20 mmol) .was injected 1h“one portlon
After 0.5 h ‘the i'ce bath was removed and the stlrrlng -
was continued for-l h. The solvent was evaporated and
'the‘re51due, in a 11ttle CHCl3, was applled to two alumina
PLC plates Wthh were developed with hexane. The appro-
prlate bands were extracted with ethyl acetate.: Evapo~
ratlon of the solvent gave 422 mg (85%) of, the selenoacetal

as a homogeneous (TLC alumlna/hexane), colorless 011 148
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NMR (CDCl,) & 0.7-2.1 (m, 21H), 4.45 (t, 11, J = 6.4 Hz)

7.2 (m, .61), 7.55 (M, 4H); m/e 468.0834 [calcd for

80

23H32 468.0834].

C Se2,

45,5—Bis(phén§lseleno)nonane (énfry 2, Table VI)"

‘The reaction andisolation were carried out as

described above using, tris(phenylseleno)borane (22) -

(381 mg,'0.80 mmol) , dry CHCl3 (3 mL), acetal153 (221 ng,

1.17 mmol), and TFA (15 uL, 0.20 mmol).  The product was

* obtained as'a_colorless, homogeneous (TLC, alumina, hexane)

011147 which weighed 427 mg (83%): NMR (cpel,) 6 0.8

(t, 3 = 6.6 Hz), 1.15 (m), 162 (m, signals at 0.8-1.62
A . :

correspond to 18H), 7.25 (m, GH), 7.67 (m, ZH);.m/e
80

440.0530 [calcd for C..H Se

21804 oo 440.0521]. S

1,l~Bis(phenylseieno)eﬁhylbenzene (entry 3, Table VI)

‘The acetall®’ (145 mg, 0.87 mmol) was added from

<

a syringe over ca. 5 min. to a magneticélly stirred miXture
of tris(phenylseleﬁo)borane {gg) (320 mé,:0;67 mmol)

and CHCl3 (5 mL).‘ TFA (6 uL, 0208 mmgl) was added, the
mixture was stirred for_3 h and then the solvent was
evaporated. .The residue was Stirred’(open'to the étmos—'
phere) for 2 h with THF (3 mL) -and @ater (2 drops) . The
sqlvent was evaporated and residue was chrométographed on

5

an alumina column (1.5 x 30 cm) With'hexéne £o affOra""‘
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291 mg (80%) of the selenocacetal as a pure (TLC, alumlna—»
150b-

hexane) , colorless 0il: NMR (CDCl ) §.2.03 (s, 3H),

6.9-7.63 (m, 15H) ; m/e 417. 9733 [calcd for c. u. 8%e
20718 27

417.9739].. |

l-(2—Naphthyl)~l,l—bis(phenylseleno)ethane (entry 4,

Table VI)

- A magnetically stirred'mixtute of'tris(phenyl—
. . ‘ .
seleno)borane (22) (719 mg, 1.50 mmol) in dry CH,C1,

(2 mL) was cooled in a bath kept at -30°C. The acetallss\

(482 mg, 2.25 mmol) in CH,Cl, (1 mL) was added over 7 min

2772
from a syringe. [More7CH Cl (2 x 0.5 mL) was used to o SR
rinse the remalnlng contents of the syrlnge 1nto the :
,reactlon vessel ]. 'TFA (15 uL, 0. 02 mmol) was added and
after 30 min, the>coollng bath was removed Stlrrlng
was continued for 1.5 h more and the reaction mixture
‘was placed onto the top of a column of alum}na (l x 5 cm)
made up with CH2C12 - Elution with CH2C12 (100 mL) and

evaporatlon gave a residue whlch was dlssolved in b0111ngl
hexane (17 mL). The solutlon was allowed to cool to

room temperature and was then stored at 5°C for 1 h 'The
resultlng crystals were washed w1th a llttle cold (-10°C)
hexane. A second crop was obtained by cooling ‘the combined

filtrate and'washings to -10°C. The total solids were

recrystallized in the same Way”fromvhexanet(7}mb1‘tof

N



g1ve663 mg of the selenoacetal as pale yellow ystals

* The flltrates from the crystalllzatlons w%ge evaporated

4

and a further 90 mg of product was obtalned by PLC (one 7)\

alumlna plate developed with 1: 20 ethyl acetate hexane)
followed by crystalllzatlonfrom hexane (2 MEe Totads

yleld of homogeneous.(TLCJ alumlna, 1:2 ethylpacetatef_
hexane) prOduct;lSlb 753 mg (71%); mp 88-926; NMR

(CDCl,) & 2.14 (s, 3H), 6;98—8.1 (m, 17H); m/ei3ll.0326

[calcd for C18H15805e (M-PhSe), 311.0339]. Anal. Calcd
for CpuHygSe,:  C, 61.81; K, 4.32. Found: C, 61.86;
H, 4.56. . | o o e e

1- [Bls(phenylseleno)methyl]naphthalene (entry 5 Table VI) -

T

With the. dlfferences noted below, thAs reactlon
was carried out as described for entry 3, Table VI

2 T \ _ — =
using tris(phenylseleno)borane (22) (1.038 g, 2.17 mmol),

156 (648 mg, 3.20 mmol) , and TFA

CHCl3 (5 mL),'acetal
(8 uL, 0.10 mmoi). After a 3 h reactlon perlod the
solvent was>evaporated and the product was isolated

.from the residue by PLC using three silica plateé Wthh

. were- developed w1th l 40 ethyl acetate hexane. ‘The\
apprOprlate bands Mere extracted with ethyl acetate and
the solution wzg evaporated to afford 1.299 9 (89%) of
selenoacetal as a pure (TLC, alumlna, 5 95 ethyl acetatee

hexane), paleryellow'o;l; NMR (CDC13) § 6.12.fbr,le),

113,

N



6.85-7.84 (m, 16H),,8.09 (br, 1H); m/é’453.é728’[ca1cd

) 80 . -
-for C23 18 Se2 453’9738]f' Anal. calcd for C24H20

. C, 61.07; H, 4.01. Found: C, 61.06; H, 4.02. At 60° c,-
the broad NMR signal'originally at:6'6.12 ig;sharpér
(Wi/2 4 Hz) and is now at ¢ 6,21.

“’Tris(phenylseleno)methane75 (entry 6, Table VI)

Neat 1,1,1- trlethoxymethane (O 3539 g, 2.39 mmol)

was injected v1a ‘syringe into a sOlutlon of trls(phenyl—

t

seleno)borane (22) (1.1466 g, 2.39 mmol) in dry CHCl3

(5 mL), followed by TFA (5 uL, 0.65 mmol) After stlrring?

14

e

overnlght at room temperature, the solvent was evaporated
and the yellow solid re51due was recrystalllzed from
hexane (lO mL) (cool to -10°) yleldlng tan crystals

(0. 8422 9) mp 89 -95°. " The mother liquor was evaporated
‘and the re51due recrystalllzed from hexane (0. 5 mL)
(cooled to —lO ) yielding tan crystals (32 2 mg), mp 90—
95°, for a total yleld of 87.4 mg (76 l%)f NMR (CDC13)

8§ 7.5 (m; 6H), 7.2 (m, 9H), 5.40 (s, 1H). °

.

l,l,l—Tris(phenYlseleno)ethane73 (entry 7, Table 21)3
. \ . : i

Neat 1,1,1l-trimethoxyethane (145.0 mg, 1.21 mmol)

was injected via syringe into a solution of'tridphenyl—
’seleno)borane’(22) (690.1 mg, 1.44 mmol) in dry CHC1,
(5 me), ‘followed: by TFA (15 uL, 0.195 mmol). After 1 h

e

114

e
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b .
stirring, TLC (alumina, hexane) showed methyl phenyl

' . - 157

selenide (R, ca. 0.6) and another product (R £ ga 0.2).

f et
After 2 h, TFA€(2O uL, 0:26 mmol) was added, followed by
another TFA (100 uL, 1.30 mmol) injection after another 2
- -
h. . The solution was‘sitrred an additional 1.5 h, the solvent

‘ evaporated, "and the re51due recrystalllzed twice from cyclo—

hexane (3 mL, each time) yielding white crystals (152.2

..r

.

mg, 25.5%), mp~T45-155°: NMR (CDCl,) & 7.8 and 7.4 (m,

15H), 1.§ (s, 3H).

5,5~-Bis (methylseleno) nonane (entry 1, Table VIT)

Tris(methylseleno)borane‘(gg) (207 mg, 0.71 mmol)
and then'TFA (6 uL, 0.077 mmol) were injected into a ©
stlrred solutlon of nonan 5-one (142 mg, 1.00 mmol) in

/,
/

CHCl, (3 mL). “The mixture became warm and a faint Yellow

3
color developed. After 15 min the reaction appeared to be .

complete (TLC control) but, as the starting ketone does

not show up well on .TLC plates, the. mlxture was arbltrarlly
left for a fuxther 30 min. It '!2 then evaporated and

the re£1due was placed onto a small column (1 x 2 cm) of
alumlnﬂ\made up with hexane. The approprlate fractlonsr
(TLC,ﬂS&:?ina; heptane) were combined and evaporated.
Tne'resslting oil was dlstilled in a Kugelrohr to afford
285 mg (90%)‘of analytically pure selenoacetal as a
colorless liquid: bp BOAC:(O.I mﬁﬁi‘NMﬁ/(CDCl3) 8

?1.8—2%1 (m, incorporating sharp singlet at 1.95);.
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m/e 316.0220 [calcd for CllH24808e2, 316.0209]. Anal.

Calcd for CllH24Se2 c, 42.04, H, 7.70. Found: C: 42.17;

*

H, 7.93.

1,1-Bis(methylseleno)undecane (entry 2, Table VII)

«

Tris(methylseleno)borane (32) (180 mg, 0.61 mmol)

and then TFA (5 uL, 0.065 mmol) were injected into a
5 ' .
stirred solution of undecanal (150 mg, 0.88 mmol) in

CHCl3 (5 mL). After 28 h at room temperature a further
portion (40 uL, 0.519 mmol) of TFA was added. After a
further 3 h the compoéition of the mixture appeared to be
static (TLC). The'solvent was removed and the residue

was dissolved in MeOH (2 mL) . NaBH4 was added .in small

portions to the stirred solution until the yellow color

b

was discharged. The mixture was immediately partitioned

between pentane (60 mL) and 5% w/v aqueous Na.co. (50 mL) .

2773

The pentane layer was drled (NaZSO ) and evaporated.
Kugelrohr distillation gave 201 mg (66%). of the selenoacetal
as a paie'yellow,;homogeneous (TLC, alumina, hexane) w
liquid: bp 108°C (0.025 mm): NMR (coc13) § 0.7-2.2 (ﬁ;

incorporating s at 2.0, 27H), 3.9 (t, J =7 Hz, 1H);

80
m/e 344.0532 [calcd for Cl3H28 Se2, 344.0522].

13 28 2 C, 45.62, H, 8.24. Found:

C, 45.78; H, 8.32. When the above experiment was repeated

Ana}. Calcd for C. . H

in an NMR tube but with the initial relative prOportlon

of TFA increased 8.3 fold (i.e., TFA (10 uL with undecanal



N

(0.212 mmol) in CDCl3 (ca. 0.5 mL, containing tfis(methyl—
&selenO)borang (0.144 mmol)] the reaction appeared to be

compleﬁe within 2.5 h.

4-t-Butyl-1,l-bis(methylseleno)cyclohexane (entry 4,

wy

3

Table VII)

-

4—E—Buty1—cyclohexanone (233 mg, 1.51 mmol): in
CHCl3 (1 mL)'wés injected with stirfing into a flask con-
taining tris (methylseleno)borane (32) (310 mg, 1.06 mmol).
Two portions k0.5 mL each) of CHCl3 were used to rinse the
contents of the syringe into the reaction vessel. TFA
(5 yL, 0.065 mmol) was added to the mixture. ‘A precipitate
formed immediately. After an arbit:ary.period of 50 min .
the solvent was evaporated and the residue was dissolved
in MeOH (2 mL) . NaBH, was added in small portions to the
stirred solution until the yellow color was discharged.
The mixture was immediately partitioned between pentane
(70 mL) and 5% w/v agueous Na2CO3 ESO mL) . The pentane
layer was washgd once with water, dried (Na2504) and
‘evaporéted. Kugelrohr distillation gave 446 mg (90%)
of the seleﬁbaéetal as a colorless, homogeneous {(TLC,

alumina, pentane) liguid: bp 95°C (0.025 mm); NMR (CDC1,)

¢ 0.86 (s, 9H); 1.5-2.2 (m, incorporating two singlets
‘ 80

at 1.90 and 1.97, 15H); m/e 328.0211 [calcd for CiHyy Seyy

328.0209]1. Anal. CalCd“for C12H24Se2: Cc, 44.18; H,

7.42. TFound: C, 44.02; H, 7.42.

b‘i*qb
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1,1-Bis(methylseleno)cyclopentane (entry 3, Table VII)

¢

Cyclopentanone (138 mg, 1.64 mmol) was injected

into a.sti;red solution of tris(methylseleno)borane (32)
(352 mg, 1;éo mmol) in CHCl; (2 mL). TFA (5 uL,'o.065

mmol) was added and an immediate precipitate formed on

the wails of the reaction flask. After an arbitrary period
of 20 min the solvent was evapofated and fhg residue was |
diluted with MeOH (2 mL). NaBH4 was added in small poffions
to the stirred solution until the yellow color was dis-
charged. The mixture was immediately partitioned between

Vpentane (50 mL) and 5% w/v aqueous.Na?_CO3 (50 mL);‘ The

pentane layer was washed once with water, dried (Na2804)’
and evaporated. Kugelrohr distillation gave 405 mg (96%)
of the selenoacetal as a colorless, homogeneous (TLC,

alumina, hexane) ‘liquid: bp 93° (0.6 mm); NMR (CDC1.) .

3
§ 1.6-2.2 (m, incorporating singlet at 1.99); m/e

80 '
7814 S€y»

for C7Hl4Se2: C, 32.83; H, 5.51. Found: C, 32.93; H,

257.9437 [calcd for C 257.9426]. Anal. Calcd

-, 5.51.

1- (2=Naphthyl) -1, 1-bis (methylseleno)ethane (entry 5,

Table VII)

B

LY
" Tris(methylseleno)borane (32) (259 mg, 0.88 mmol)

and then TFA (4 %%,40.052 mmol) were injected into a

'stirred solution of 2-acetylnaphthalene (214 mg, 1.27



C, 49.05; H, 4.58.

119

mmol) in CHCI_, (5 mL). After 1 h only a trace of the

3
kerone remained (TLC) and, after a forther 1 h, the mixture
was partitioned between‘CHCl3 (30 mL) and water:130/ﬁiyj/r
The<organic‘layer was dried'(Na2804) and evaporated.
Chromatography of thevresidue over alumina,(B X 60 cm)
wirh 49:1 herahe—ethylyaceﬁate gave 369 mg (85%) of the

selenoacetal as a pale yellow homogeneous (TLC, alumina,“

95:5 hexane -ethyl acetate) oil: NMR:(CDC13L § 1.9 (s, 6H),

2.39 (s, 3H), 7.35-8. 60 (m, 2H), 7.6-8.05 (m, 5H);

m/e 249.0163 [calcd for C13H13808e (M~MeSe) , 249 0182f\

Ah 1. Calcd for C

14 16Se2: ?, 49.14; H, 4.71. Fouigycjl'

l*[Bis(methylseleno)methyljnaphthalene (entry 6, Table VII)

) Trls(methylseleno)borane (32) {236 mg, 0.81 mmol)
was injected 1nto a- stlrred solutlon of l-naphthaldehyde
(176 mg, 1.13 mmol) in CHCl3 (5 mL). Heat qu generated A
but the solution remained clear. 'TFA (4 yL, 0.052 mmol)
was added 5 min after m1x1ng and a bulky prec1p1tate

formed 1mmed1ately After an arbitrary additional period

of 30 min the mixture was partitioned between CHC}3 (60

"mL) and water (50 mL). The organic layer was.dried

(Na2804) and’evaporated.. Chromatography.of the residue

over alumina (3 x 10 cm) with 1:99 benzene-hexane gave

343 mg (92%) of the selencacetal as a colorless and
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homogeneous (TLC, -alumina, 5:95 benzene-hexane) liquid;

'NMR (CDC14) & 1.97 (s, 6H), 5.8 (br s, 1H), 7.2-7.95

. - ' ' ( 80
(m{ 7H); m/e 329.9435 [calcd forkcﬁ3H14‘ Se2,

a { .
329.9426}. Anal. Calcd for C13Hl45e2: C, 47.58;:H, 4.30.

Found: C, 47:50; H, 4.33.

3—B—Acetoxy—20,20;bis(methylseléno)pregn—Svene (entry 7,

Table VII)

4
)
-

Tris(me;ﬁélseleno)borane (32) (294 mg)'l.Ol mmol)

and then TFA (20 pL, 0.26 mmol) were injected into a
stirred solution of 38-acetoxypregn—S—ene—Z0—one158

(513‘mg, 1.43 mmol) in CHC13 ¢5 mL). After 26 h at room

temperéture only a trace of starting ketone was detectable
'by TLC (silica, CHC13). " The miﬁfure was.partitiqned
between CHCl3 (20 mL) and water (10 AL) and the orgénic“
phase was dried and evaporated. The reéidue was‘purified
by chromatograpﬁy over siiipa Qél (3 x 30 ém; elution
with CHC13). Appropriate fractiphs weré combined and
evaporated to afford 655 mg of the,selénoaceﬁal. Re-
crystallization from a mixture pf adetone (1 mL) and MeOH
(5 mL) gave 607 mgi(79%)-ofk£he product as a white-pomo_
geneous (TLC, silica, CHC13; splid:,mp 153-156°. A
portion (85.3 mg) was recrystallizéd'from EtOAc (1.5 mL)
to give 62.4 mg of ﬁhe éeleﬁoacetél wi{i mp 159—161°C.
This sample had IR (CHCly) 1722 cm™; WMR.(CDCL,) s

©0.7-2.7 (m, 38H), 4.35-4.80 (m, 1H), 5.25-5.45 (m, 1H);

h
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- ' : 80, . ;.
m/e 437.1972 [calcd for C24H37O2 Se (M-MeSe),

437.1958]. lSétisfactory analyticai data could not be

obtained for this compound. Supporting -evidence for the

structure comes from the properties of_the_product_obtained

(73%) by PhBSnH—reduction;82 mp 148-149; Ia]D25,—6lfl6°
(c 0.5, CHClS). 3B-Acetoxypregn—5—ene has mp 147-148;
'\[a]DZS _62° (c 3.66, CHCl,.)>>?

3

x

3—Methoxy—l7,l7—bis(methylséieho)estré—l,3,5(10)—triene

A

(entry 8, Table VII)

Tfis(methy1Seleno)bOrane (32) (239 mg, 0.832 mmol)
and then TFA (5 uL, 0.068 mmol) were injected into a
stirred solution of estrone methyl ether1691(345 mg,

"1.21 mmol) in CHCl, (4 mL). After 3.5 h only a trace;of

3

the starting ketone was detectable by TLC (silida, CHCl,) .
4

The mixture was partitioned between‘waterv(SO mL) and {”

CHCl, (50 mL). The organic layer was dried (Na2804f;ang

évaporated._ The residué was dissolved in hot acetone (8 mL)

and the solution was cooléd to afford crystals (batch A).

o~

More'of-fhe desired product was isolated from‘the mother
liquors by chromaéography oVéf silica (2 x 40 Cm):wifh |
1:1 benzene-héxane. Batch A was recrystallized from
acetone (10 mL) to afford 127.1 mé‘(baﬁch B) of the
selenoacetal (mp 134-135°C). The material from the

chromatography was recrystallized from the mother liquors:

from batch B. A fyrther crop (65.9 mg; mp 133-135°C; . -

4



batch C) of the product was obtained and the mother liguors -

from this batch C gave a\final'portion (127.7 mg} mp .
133-135°) of the product when concentrated and crystal-
lized from acetone (1.5 mL). The total yield of seleno-
aéetalAémounted to 320.7 mg (58%). Matérial from another,
similar experim;;tiwas analyzed after crystallization from
acetdne and.had NMR'(CDC13) 5: 0:85—2.95 [m,_incorporating
aksinglet at 1.02, and two pagtiaily resolved singletsvat
2,02, 24H],.3;721(S, 3H),v6r5—%.8 and 7.05-7.28 (m, 3H);
m/e 362.1148 [calcd for C,H,g08e (M-MeSeH) , 362.1149}-
‘Anal. Calcd for C,H 3008€,: C, 55.26; H, 6.63; 0, 3.51.

Found: C, 55.51; H, 6.75; O, 3.80.

3,3—Bis(methYlseleno)cholést—4—ene (entry 9, Table VII)

Tris (methylseleno)borane (32) (498 mg, 1.70 mmol) -

and then TFA (10 uL, 0.130 mmol) were injected into a
stirred, ice-cold solution. of cho_lest—4—en-—3—onel6l
3

pale yellow solution contained a considerable amount of

(942 mg, 2.45 mmol) in CHCI. (20 mL). After 1.5 h.the

’stafting ketone (TLC). The ice bath was femoved and TFA
(40 wL, O. 519 mmol) was added. After a further 17.5 h
~very little startlng material remained (TLC) The_..
mixture was shaken with Water (10 mL), dried (Na2504)

qnd évaporated. Chrbﬁatography of;the residue‘over silica

gel (3 x 50 cm) with hexane gave 433 mg (31%) of the

122



@

»selenoaoetal as a colorless, homogeneous (TLC, alymlna,
hexane) but unstable oil that crystalllzed slowly at
-10°C; NMR (CDCl ) § 5.49 %br.'s, w1/2 4 Hz, 1H), 0.6-

2.45'(m,'1ncorporat1ng 51nglets at 2 00 and 2. 09 49H) ;

80
28 46 2

Satisfactory analytical data were not obtained for

‘m/e 462.2777 [calcd for C - (M-CH.Se), 462.2751].

this compound*» Supportino evidence for the'structure
comes from the propertles of the hydrocarbon obtalned (37%)

by Ph3SnH reductlon 82. mp 78-79°C; [a]D25 +72.5° (c

1.13,-ch13), NMR (CDCl,;) 6§ inter alia 0.68 (s); 1.0 (s).
‘Cholest-4-ene has'®?® mp values in the range 77-83°C;
[a]D25 +71%501622 (9 5 CHC1,); NMR (CDCI;) ¢

inter alia 0.67 (s); 0.99 (s).162P

N

l,l,l-Tris(methylseleno)ethene (entry 10, -Table VII).

Tris(methylseleno)borane (32) (546 mg, 1.87 mmol).
and then TFA (10 pL, 0.130 mmol) werekinjected into a
- stirred solution of‘l,l,l—trimethoxyethane'(209 mg,

1.74 mmol) in CHC1l, (5 mL). After 13 h the solvent was

3

evaporated.‘ Chromatography of the residue over alumina

-

(3 x SO;ym) with hexane gave'2l3lmg (39%)‘of the major
product as a homogeneous (TLC, alumina,. hexane) oil;

NMR (CDC1 ) § 2.1 (s, 9H), 2,23 (s, 3H); mfe 311.8451

3

[calcd for C5H12808e3, 311t8435]. . For,analysis the

" material was distilled in a Kugelrohr: bp 110° (20 mm).

v

123
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Anal. Caled for C.H,,Se,: C, 19.43; H, 3.91. Found: -

c, 19.61; H, 3.73.

i;Methoxy—l—(phenylseleno)undecane (entry 1, Table VIII)

The acetal152

(515 mg, 2.38 mmol) was added from a
Syringe over 2 min to a magnetioally stirred,mixtdre of
‘tris(phenylseléno)borane (416 mé, 0.87 mmolf.and‘toluene

(2 mL) . After 6 h the solution was diluted with MeOH

(3 mL) and NaBH4.was added in portions to giVaoa:colorless"
solution which was paftitioned between pentane (200 mL)

'énd water (100 mL). The pentane layer was washed.with,

: wager (3 x 100 mL)'-dfied‘(NaZSO4), filtered, and evaporated
to leave 7l4dmg (87%) of Fhetmixed acetal a; a pdlé yellow-
0il; NMR.(CDCI3) 6 0.75€R.05 (m, 21H), 3.41 (s, 3H),

4.89 (t, lH J = 6.1 HzT,v7 25 and 7.6 (m, 5H); m/e

‘ 80

342.1458 [calcd for CpgH,0%se, 342.1462]. anal. calcd

‘-for C,H,,05e: C, 63.33; H, B8.86; O, 4.69. Found: .

18730 | SR
c, 63.11; H, 8.88; 0, .4.82.

1- [Methoxy (phenylseleno)methyl]lnaphthalene (entry 2,

"Table VIII)

‘A magnetically stirred mixture of tris(phenyl-
séleoo)borane (540 mg, 1.13 mmol) in CHél (5 mL) was
cooled in a bath kept at -30°C. The acetal156 (681 mg,

3.37 mmol) was added from a syrlnge over 1 min. After

15 min the coollng bath was removed and stlrrlng was
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'

continued for 7.5 h. The solvent was evaporated, the
residue wés‘stir{ed wtih MédHf(GAmL), and NaBH , was added

in small portions until a colorless methanol sdlution'

(covering a pale yellow 0il) was obtained. The mixture .
&
mL). The aqueous layer was ' washed with pentane (100 mL)

was partitioned, ween penhtane K200 mL) and watér (100

. and thé combined pentane layers were washed with water

(4 x 100 mL) and dried (Na SO4);"Filtfation, evaporation

2

of the solvent and Crystallizgtioncﬁithe residue from
hexane (3 mL) gave 860 mg (78%) of the mixed acétal as.

pale yellow crystals; mp 60—63°C; NMR,(CDC13) § 3.6 (S/\

3H), 6.55 (s, 1H), 7.0-8.25 (m, 12H); m/e 328.0361 [calcd

| 80 - o _ _
for C18H160 Se, 328.0367}. Anal. Calcd for‘Cl8H16OSe.

C, 66.06; H, 4.93; 0, 4.89. Found: C, 66.12; H, 4.97;

O,‘4;8q.

5-Methoxy-5-(phenylseleno)nonane (entry 3, Table VIIT)

-

With the differences noted, this reaction was
‘ ! . T . . ‘
carried out as described for entry 1, Table VIII using

153

"the acetal (390 mg, 2.07 mmol),'tris(phenylseleno)—

borané (351 mg, 0.73 mmoi), and toluené (é’mL). . After
"5 1 h the mixtgré waé diluted with MeOH (4 mL) and“prof
. cessed as described to yield 520 mg (80%) of the mixed
’acetal as a pale>yellqw liquid; NMR (CDC13) S 0;7541;9

(m, 18H), 3.42 (s, 3H), 7.25 and 7.5 (m, S5H); m/e
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- 157.1589 [calcd for ) (H 0 (M-Phse), 157.1592]. Anal.
~Caled for Cy(H,.0Se: C, 61.33; H,°8.36; 0, 5.11. Found:

C, 61.45; H, 8.59; 0, 5.43.
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“Deoxygenation of Epoxides

§§—Methyl—g,9—diethyl phosphoroselenOate'(73)'

Sodlum salt fl7) (0. 9464 g, 3 96" mmol)‘was dls—
'solved in dry THF (20 mL) , and to this. solutlon was added
CH3I (0 5840 g, 4.12 mmol) 1n dry THF (5 mL) 1n ‘one
portlon via syrlnge The solutlon was stlrred 1I1at
room temperature, refluxed 0.5 h,.and the solvent evapo-"
rated. The oily res1due was taken into CH2C1 (lOO’mL),
washed with water (100 mL), drled (Na SO ), flltered -and
the. solvent evaporated. The’ resultlng pale yellow lquld’
(0 7743 g, 84. 6%) was homogeneous by TLC (silica gel
J‘ethyl acetate) NMR (CDCl ) 5 -4.22, 4.07 (overlapplng q,
i'J =7 Hz, 4H), 2.16 (d T =14 Hz, 3H), 1.38 (t, 0 =7 Hz,

76H), m/e (low resolutlon) 232 (C5H13O3P808 ).

-

- Stock - Solutlon of. Sodlum Dlethyl Phosphlte in Ethanol

>

Dlethyl phOSphlte (14 24 g, 103 mmol) was 1njected1
over 15 mln 1nto a magnetlcally stlrred solutlon of sodium
(2.39 g, 104 mmol) in. anhydrous ethanol (150 mL). sThev-
solutlon was stlrred for at least 30 mln prlor to use and

§§was stored under a sllght static pressure of nltrogen.

- Stock Solution of Lithium Diethyl Phosphi te in THF

Diethyl phosphlte (53.75 g, 38.92 mmol) was stlrred

overnlght w1th dry THF (20 mL) and 11th1um (270 1 ng,
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\§d3é’92 mmol, cut 1nto small pleces) ~All the lithium

i ‘dissolved and the solutlon was stored/ﬁ;dzr a’'slight static '

, pressure* of nitrogen.

Stocﬁ\Solution,of Potassium Diethyl Phosphite in THF

The method ‘used for the correspondlng llthl salt ’

-was followed but w1th pota581um (315 7 mg, 8. 074 o0l)

and dlethyl phosphlte‘(l.125 g« 8.146 mmol) .

s
T

Preparatlon of (4E,82)- 4,5,8,9—Diepoxydodecane (74)

122

(4E»82)—Dodecadiene (392. Stmg, 2.36 mmol) was

~dissolved 1n dlchloromethane,(SO mL) and the solutlon was

R PO T

.cooled an an ice bath. m—ChlorOperben201c ac1d~(982.2

mg,‘equlvalent to*4.83 mmol) iﬁ dichloromethane (20 mL)

Y

was. added over 20 min‘with stirring . The temperature was
'Akept near 0° for % h more and stlrrlng was . contlnuea T &
A
, overnlght at room temperature. ‘The solutlon was washed -

w1th»aqueous sodlum,hydrox1de_(SO-mL,flg) and then_yith'

'water; The:organic‘layer was:dried'(NaZSO4):

at room temperature (water pump) The colorless residue

and evapOPated

was dlstllled in a Kugelrohr apparatus (oven temperature 3

73° 0.05 mm) to. glve the dlepox1de (74) (406 7 mg, '86%)

as a, colorless, homogeneous (TLC 51lica,,chloroform)
liquid; NMR (cpCl 3 8 0.6-1. 2 (m, 6H); 1.2-2 (m, 12H),

2. 5 -2. 8 and 2 8-3. 1 (two partlally overlapplng ‘m, each

2H); 13c NMR (cmc13,s 58.9, 58.7, 58.3, 58, 57.2; s7.1, .

£



56.7, 56.4, 34.1, 29.8, 29.6, 29.2, 24.8, 24.4, 19.9,

19.4, 14.0# m/g 198.1618 [calcd for CoHy,0,, 198.1627].

An%l. Calcd for Cl2H2202: C,»72.68; H, 11.18.

Found: C, 72.82; H, 11.28. The 13C NMR confirms the

expectation that the material is a mixtureof the syn and

anti diastereoisomers.

Comparative Reactivity of (EtO)ZP(OYSeNa (17) and

(EtO) ,P(O)TeNa (71)

A. Reactions of (Eté)zP(O)SeNa\(lZ) with 1,2-

Epoxyoctane .(eq. (83))

(a) Sodium diethyl phosphite'(é43.8 mg,'i.523 mmol)
in‘ethanOE‘Kl mL of a stock solution) was injected into
a 5 mL septum-closed flask containing selenium powder |
(27.3 mg, 0.346 mmol). The mixture was stirred for a few

minutes until all the metai had dissolved and then 1,2-

163a

epoxyoctane (197.6 mg, 1.541 mmol) was injected.

Stirring was continued for 13 h and the mizt
163b

ure was then
. {
examined® by VPC with the following result: (Rel.

peak areas) epoxide:olefin: 12:1.
: ¥
(b) With the exception noted below the above

/

experiment was repeated using selenium (114.9 mg, 1.455

mmol), sodium diethyl phosphite (243,8 mg, 1.523 mmol)
& e
in ethanol (1 mL) and 1,2-epoxyoctane (164.1 mg, 1.280

mmol) . [Prior to injection of epoxide the®selenium-

129

.o
Rl
,
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sodium diethyl phosphite mixture was stirred 1.5 h. Not
all the selenium dissolved.] Stirring was continued for
13 h and the mixture was then examined by VPC with the

following result: (Rel. peak areas) epoxide:olefin: 7:23.

B. Reaction of (Eto)zP(O)TeNa with 1,2-

Epoxydecane (eq.”(87))

(a) Sodium diethyl phosphit¢~(219.3 mg; 1.37 mmol)
in ethanol (2 mL of a stock solution) wa$ injected into
a septum—c}osed flask containing tellurihm powderv(lo mg,
0.0784 mmol). The mixture was stirred for a few minutes
until all the metal had dissolved and then 1,2-epoxy-
decanel64a (160 mg, 1.024 mmol) and octane (130.4 mg, as
internal standard) were injected. The mixturelremained
.élear and periodic analysis by VPCl64b showed that thé
epoxide was being copverted into olefin. After 1.5 h
.é black precipita@écstarﬁéd'to form. rAfter 7.5 h all the
vepoxide had reacted (VPC) and the Absolhte yield of olefin

was 71.8%.1%4¢

(b) The experiment was repeated using stock
solution (2 mL), tellurium powder (30 mg, 0.235 mmol),
- 1,2-epoxydecane (172.4 mg; 1.103 mmol) and octane (149.6 mg).
This reaction differs from that just described only in
the increased amount of tellurium. A black precipitate
formed 30 min after addition of the-epoxide and reaction

was complete within 2 h (VPC control). The yield of.
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A N

~

olefin (VPC) was 90.2%.

Reaction ‘of (EtO)zP(O)TeNa with a Mixture of 1,2-Epoxy-

octane and 7-Oxabicyclo[4.1.0)heptane (eg. (88))

R

Sodium diethyl phosphite (llO.mg, 0.687 mmol) in
ethanol (1 mL of'a stock solution) ‘was injected into a
5 mL septum-closed flask containing teilurium powder
(28.7 mg, 0.225 mmol). The mixture was stirred and after
a few minutes all the metal had dlSSOlved 1,2—Epoxy—’
octane163a (161.1 mg, 1.256 mmol) was then injected
Ofollowed immediafely by 7-oxabicyclo[4.l.l]heptahelGSa
(120 mg, 1.223 mmol) and dodecane (129.5 mg, as internal
standara); Within 3 min a black precipitate formed and,
after 30 min (from the time of addltlon of the epox1des)
more sodlum dlethyl phosphite (55 mg, 0.344 mmol) in
ethan01\(0.5 mL) was injected. _After a further 30 min
had elapseé a black precipitate formed again and another
identical portion—of the stock solution of sodium diethyl
phosphite was injected. Fifteen min later the mixture
was examined by VPC,l65b the following relative‘peak
areas being foond: l-octene (14), 1,2;epoxyocfane\(7),
cyclohexene - (1), 7¥oxabicyclo[4.l.O]heptane (14) . More
sodium diethyl phosphite (110 mg, 0.687 mmol) as injected

in two equal portions, one at this‘stage and /the other

after 1 h, bringing the total qu

(2.06 mmol). Stirring was continued 3 h beyond the last



addition and the following yields (based on the dodecane

{
165¢ were measured by VPC: l-octene

internal standard)
(100%) ,. l,2—époxyo¢tane (trace), cyclohexene (gO%),

. : N {
- 7-oxabicyclo[4.1.0]lheptane (80%). \X

Deoxygenation of 1,2—Epoxy6ctane. Non Stoichiometric,

Procedure using (E£O)2P(O)TeNa (entrf‘l, Table IX)

Y

Teliufium-powder (214.9 mg, 1.684 mmol) was placed
'in a 250 mL rouna bottomed flask containing a magnetic |,
stirring Bar andyciosed by a septﬁm. The flask was
flushed with nitrogen énd then kept under a slight static
pres;ure ofkthe gas. 1,2—Epo¥yoctane163é (12.180 g,
éS.OL mmol) was added by syringe and a stock solution of
sodium 0,0-diethyl phosphite [170 mL, 107.4 mmol
(EtO)2P(O)Na] was added with stirring at é unifafm réte
(syringe pump) ovér 11 h. The mixturg was then stirred
overnight after which it was fil;gred through cotton wool,

. . ; RS
diluted with water (1 L) and extracted with isopentane

J
(3 x 300 mL). The combined organic extract was driéd J
(NaZSQ4) aéd{vusing a spinging band apparatus, it was
concentrated and distilled. 1-Octene (7.763 g, 72%)
was obtained as a colorless liquid# bp 112°. Analysis by
VPC (on two differen£ silver ion—impfegnated collimns)166
showed that the materialVWas betﬁér than 99% pure. [The

columns were able to separate all octene isomers]. The

vproduct had identical NMR as authentic l-octene.

(
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Deoxygenation of 1,2-Epoxydecane. Non-stoichiometric

procedure using (EtO)ZP(O)TeNaT(entry 2, Table EE)

Tellurium powder (2.00 g, 15.67 mmol) was placed
in a 100 mL round bottomed flask containing,q‘magﬁefic
stirring bar and closed byvé septum. The flask was
flushed with nitrogen and kept under a slighﬁfstat;é 

preésure of the‘gas. '1,2—Epoxydécan9164aw

(10.00 g, 63.99
mmol) was added by syringe ahd a stock solution bf
sodium O,0-diethyl phosphite [47.0 mL, 71.6 mmol
(EtO)ZPkO)Na] was added with stirring at a uniform rate
(syringe pump) ovér 1.5 h. After a further 2 h (stirring)
an additional portion of stock solution [5 mL, 7'62. |
mmol (EtO)éP(O)NaJ was added rapidly. Stirring waé
continued 8.5 h énd, since epoxide was sﬁillbpresenf (VPC

67

control)l a further portion [5 mL, 7.62 mmo 1
‘2\ .

:(EtO)ZP(O)Na] was added rapidly. After 8 h a ijal

addition [3 mL, 4.57 mmol (EtO) ,P(0)Na] of stock solution

was made and stirring was continued for 6 h. At this

stage [i.e., total reaction time of 26 h; total reagent

91.41 hmol (EtO)2P(O)Na] the mixtufe was poured. into
water (100 mL) and extracted with dichloromethane (5 x
30 mL) . VThe'combined extracts were washed with water,
dried (Na28043 and c0ncéntrated by sléw distillation

(1 atm) using a Vigreaux column (1 x 15 cm). Spinning

"band distillation of the residue gavé l—decéne (6.286 g,

Earl
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70%) as a colorless liduid: bp 70° (water pumpvvaCuum).

The material was 99.9% pure by'VPC and had identical NMR

as authentic l-decene.

Deoxygenation of 1,2-epoxyeicosane. Non-stoichiometric

procedure with,(EtO)zP(O)TeNav(entry 3; Table IX)

Tellurium §OWder (130 mg, l.dl9}mmol) and 1;2-
'epoxyeieoeanelGS kl.956 g, 6.596 mmol) Were plaeed in s
a 25-mL round bottomed flask cOntainingga‘magnetic stifring
bar and closed by a'sepfum. The flask was flushed‘witn

._nitfogen and thenekept under a slight staticipreeSUre‘
of the gas. A stock solution of sodium O'O—diethyl
phOSphlte [E%? mg (EtO) P(O)Na per mL] was 1njected in

portlons in the following manner. Each 1nject10n caused
i

‘,\the tellurlum to dissolve; the next injection was not made
until the metal had precipitated. The-portions and
addition times of the stock solution were 5. 00 mL (0 mln),\
5.00 mL (20 min), 2. 00 mL (85 min) , 2.00-mL (115 min),

i.e., 16.00 mL containing 1.760 g (10.994vmmol) sodium

-

.

0,0~ dlethyl phOSphlgs‘were added over ca. 2 h. The
’ l
mixture was stirred overnight, ‘the tellurium was removed

by filtration through a plug of cottonwool and the fil-
trate was partitioned between dichloromethane }50 mL) and

" water (50 mL). The aqueous layer was washed with dichloro-
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methane*(SO mL) and the'combined organic;extracts were
dried (Na25Q4)oand eyaporeted.b'The reeidue was chromaeo—
‘graphed‘over neutral Brockmaooactivity I aiumiha (3 x

- 18 cm).witﬁ pentaoe tobafford eicoeehe (1.697 g, 91%)

as a colorless‘liqoid that crystallized.on_standing. The
material was homogeneoﬁe by TLC (silica impreéneted with
15% silver hitrate, benzene) and was i%entifiedoby
speotroscopio cOmpa;isonb(NMR and MS) withoan auﬁhentio

sample of eicosene.

‘Readtion of EEto')zp(o).TeNa with (E)-4,5-Epoxyoctane

(entry 4, Table IX)
-7

Sodium 0,0-diethyl phosphite (219.9'mg, 1.37 mmol)
.in ethanol (2 mL‘of a stock solution) was' injected into |
a septum-closed flask containing.tellurium poﬁder (28.8

mg, - 0.226 mmol) and the mixture was stirred magnetlcally j“\\\\/

unt11 all the metal had dlssolveq (E)-4 55— Epoxyoctane169af

(152 6 mg, 1.19 mmol) was added by syrlnge followed by

dodecane (172.4 mg, asflnternal standard) .- After 13 h .

169b

at room temperature ana1y51s by VPC showed that the

169¢c

absolute yield of oct-4-ene was <-1% and that > 97% of

.l
L2

‘the epoxide remained,‘



136

4

Selectiv% deoxygenation of 1,2,8,9- dlepoxy E-menthane.

w

- Non- st01chlometrlc procedure. u51ng (EtO) P(O)TeNa (entry 5

Table IX).

_Telluriumvpowder (12.1 mg, Q.O9S mmol) was placed .'.v o,
in 4 10 mL round bottomed;flask equioped With a magnetio ‘ §4%
stirring bar ahd cloeed by a rubber septum. The flask
was purged with nitrogen and kept under a slight static
pressure of‘the'gas; 1,2,8,9—Diepo£y—g—menthane170a~o
»(255.1 mg, 1.%16 @moi) andvdodeoane (122.2 mg, internal
staﬁdard) wereuinﬁeoted followed by sodium O o—diethyl
pHosphite (487.6 mng, 3 046 mmol) in ethanol (2 mL of a ‘:7 : ‘
stock solutlon) The phOSphlte solutlon was’ added in | o
0.20 mL portlons over 17 h, each portion belng added
only when- tel%yrlum had prec1p1tated after the previous ,
addltlon. The time needed for the black precipitate to
- appear changed from 20 mln‘(after the first addltlon) to
7 h'(after the iast addition). The mixture was: stlrred
1.5 h after the final appearance of the tellurlum deposit

and analysis of the solution by'VPCl.70b showed thatvthe <«

170c, of l,2-epoxy—2—menth—8—ene170a was

absolute yield
76%. A portion was isolated'and its NMR spectrum was".

identical to an authentic sample.



‘Deoxygenatioh of 7-oxabicyclo[4.2.1]heptane. Non-stoichio-

- metric procedure using (EtO)ZP(O)TeNa (entry 6, Table IX)

Sodium o,O-diethyl- phosphite "'(219.9' m‘g, 1.374 mmol)
in ethanol (2 mI, of a stock solution) was 1njected 1nto‘
a septum closed flask contalnlng tellurlum powder (35.3 mg,
0.277 mmol) and. the mlxture was . stlrred magnetlcally untll'
all the metal had dlssolved. 7—Oxab1cyclo[4.2.1]heptane

(119.5.mg; 1.218 mmol) was added by syringe followed by

dodecaue (153.7 mg) . The progress of'the reaction was
' J
monltored by VPC17la and after 42 h of stlrrlng at room
171b

temperature no.epox1de remained. The absolute yleld

of cycloheXene was;88;6%.'

AW

'General method for preparation of 0,0-diethyl phosphoro-

telluroates (71)

The”apparatus consisted of g’S—mL round - bottomed
kflask fused onto thé end of a small condenser which
carried a stralght vacuum takeoff ' Tellurlum powder.and
a small magnetlc stirring bar were piaced-in-the flask,
The apparatus was assembied aud evacuated to 0. 05 mm. The
‘tap of the vacuum takeoff was closed and the tlp of the
hose connector portlon was capped w1th a septum.. Thew"

space between the tap and the septum.was flushed with

nitrogen, and nitrogen was then allowed to leak slowly

=
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into éhe flask The approprlate 0, O dlethyl phosphlte in .
THF . (from a stock solutlon) was' 1njected into the Vessel |
followed, sometimes, by a small volume of.pure, dry THF.
‘The mixture was stirred (under nitrogen) until all the
telluriumvhad;dissolued (l_tolé h). The solvent was
evaporated at room temperature through the vaqum takeoff
(using an 0il pump) to leave a white re51due The vacuum
takeoff was capped with a septum &nd, by'the same.procedure
as before,vnitrogeh was introduced into the flask.

- Anhydrous ethanol was injected to afford a colorless, and

usually clear, solution. *

Comparison of the reactivity of potassium, sodium and

lithium 0,0-diethyl phosphorotelluroates (71)
A _ ! : ,
‘A.. Reaction of (EtO),P(0)TeK with (2)-4,5-

vEpdxyoctane

( §?lid potassium Q,Q—diethyl;phosphoroteiluroate
was prepared by the special technique desCribed above
from tellurium powder (31 mg, O. 243 mmol), pota531um B
d;ethyl phosphlte (59.3 mg,. O. 337 mmol) in THE (0;25
mL of a stock solutlon) and a portlon (1 mL) of dry THF -
The solid residue was stlrred w1th anhydrous ethanol
(1. 5 mL) to glve a clear and ‘colorless solutlon (Z)Q

169a

4,5~ Epoxyoofane (37 1 mg, 0.289 mmol) was 1ntroduced
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by syringe and’the mixture was stirred'(nitrogen atmoéphere)‘
for 22 hl ‘At thlS ~stage a tellurium mirror had been
'dep051ted and ana1y51s of the reaction mlxture by VPC172
‘showed the follow1ng relatlve mole ratlos- olefin (l),
eeeXide (3). The mlxture was refluxed for 7.5 h and VvPC
analy81s then showed new relatlve tole ratlos ‘olefln

(5), epoxide (3).

B. Redction of (EtO)E}(O)TeNe with (2)-4,5-

1Epoxyoctane

Tellurium powdef“(l%S.? mg, 1.38 mmol) was'added‘
>to a stlrred solution of sodium dlethyl phOSphlte [from
dlethyl ph&sphite (308 9 mg, 2.24 mmol), sodium (51 6 mg,
2.24 mmol) and dry ethanol (3 mL)]. After_2 h'all but' a -
’htrace of tellurlum had dlssolved and (E)QQ,S—eéoxyoctane
(260 mg, 2.03 mmol) was 1njected After 12 h at room
temperature analyS1s of the reaction mixture by VPC172
"showed the follow1ng relative mole ratio: epox1de:olefin:

5.29:1. After 24 h the ratio was 3.2:1.

~C.  Reaction of (Eto)zP(O)TeLi with (2)-4,5-

Epoxyog}ane |

'Solid lithium 0,0 O-die thyl phosphorotelluroate was
prepared in the usual way from tellurium powder (68 1 mg,
0.53 mmol) ani lithium 0,0~ d1ethyl phosphite (140 1 mg,

0.973 mmol) 1n THF (1 mL of a stock solutlon) The reagent



was‘stirrf 'ixnhydrous ethanol‘(l.S:mL) and (z)-4,5-
epoxyoctaf 3[, 0.842 mmoi) was added After 12 h at
‘ srnaly31s of the reactlon mlxture by VPC172

p»ow1ng relative mole ratios: epoxide:olefin:

Stereoch fistry of the Deoxygenatjon

L Reaction of (EtO) ,P (0) TeLi with™A2)-4,5-

}poxyoctane (entry 7, Table 15)

’ Theﬁorev1ous experlment was’ repeated using tellurlumv

,powder (363. 2‘ mg, 2.846 mmol) and llthlum O O- dlethyl '

phosphlte (; évq mg,_2.915 mmol) in THF (1 mL of a stock

JfL“solld tellurlum reagent was stlrred with
l69%a;173a

solution) g
anhydrous ethanol (2 mL) and (Z)—4 S-epoxyoctane
(35949 mg, 2.807 mmol) was added The mlxture was then
refluXed for 2 h and partltloned between hexane (20 mL)
and water (10 mL)rv The hexane layer was washed three'
tlmes with water (3 x 10 mL) and was then drled (Mgso ) .

VDodecane (311.6 mg) was added to. the solution as an 1nter—,

173b

- nal standard and VPC .analysis showed the absolute

173c¢

‘yields of olefin and epoxide to be 76.7% and 16.5%,

_ respectively. :Analysis'by VPC on a silver nitrate-
impregnated column166a showed that the ratio of (Z) to

(g)foct-4-ene was 56:1.

[

140



141

’1‘

B. Reaction of (Et0),P(0)TeLi with (E)=4,5-

‘vapoxyoctane.(entry 8, Table 55)

,',_M .

The prev1ous experlment was repeated using tellurlum

powder (315 5 mg, 2.47 mmol) and llthlum 0,0-diethyl

‘phosphlte (419.9 mg, 2.92 mmol) in THF (1 mL of a stock

solution). The SOlld tellurlum reagent was stlrred with '

anhydrous ethanol (2 mL) and (E)—4LS-epoxyoctane169a'l74aﬁ

(362.5 mg, 2.83 mmol) was added. The mixture was reflUked

for 19 h and it was then,partitioned'between'hexane (20 mL)

'and;water (10 mL) The hexane layer was washed with water

(5 x & mL), dried . (MgSO )+ and analyzed by VPC’ u51ng a

silver nitrate-impregnated polumn.lssa‘bThe mole ratio of

(E): (Z2) olefin was 62:1. Dodecane (308.1 mg, as an

internal ~standard) was added to the hexane solution and

173b 174b

analysis showed that the yleld of olefin was -

‘46.6% and the_<efoz;ry.of epox1de 27.9%;

)
y "3

Reaction of (Eto)ZP(O)TeLi wrth a mixture of (2)- and

(2)44,5fepoxyootane (eq. (89))

Solid lithiun O O-diethyl‘phosphorotelluroate

was prepared as descrlbed abéve from . tellurlum powder

(520 mg; 4.075 mmol) and llthlum 0,0- dlethyl phosphlte

(629.9 mg, 4 373) in THF (1 5 mL of a stock solutlon)

pThe salt was ‘dissolved in anhydrous ethanol (2 mL) .



’(g)—4;5rEpoxyoctane;(327 mg, é 550 ﬁmol)‘and:theu“the
(E)—iSomer (315 mg, 2.457 mmol) were 1njected 1nto the -
reactlon vessel "The mixture was refluxed for 1 h and.
then partltloned betweiz hexane (20 mL) and water (30 mL)

The hexane layer was® washed with water (S X lO.mL) and

drled (Na SO ){, Dodecane (391.3 mg) was added as an’

2774
1nterna1 $tandard and the mixture was analyzed by VPC
u51ngtord1naryl73b end silver nltrate—lmpregnated166e

g

columns.;'The‘absoluté yield/recoveries were as follows;"'

(E) -4, 5-epoxyoctand (72.2%), (§)¥4,S;epoxyoCtane'(12.4%),

(z)-oct-4-ene (80.6%), (E)-oct-d-ene (25.23) .

¢

“ Selective Deoxygenation of (4@,85)—4;5,8;9;diep0xydooeCane,"

(74) . Stoichiometric procedure with (EtO).P(0)TeLi (entry
, » 2 : STeA

.9, Table IX)

FE

o

v Lithfumlo O-diethyl ﬁhoSphordtelluroate uas pref'

'pared by the. general procedure descrlbed abOVe from

, f2] .
tellurium powder'(588 1 mg, 4 609" mmol) and lrthlum O,Q-

diethyl phosphlte (627 mg, 4 353 mmol),ln THF 52,25 mL of

.

A B .
a stock solutlon), the mlxture belng dlluted with®@ry

THF (5 mL); The'orystailine reagent wasléenerated in the,.'

-!usual way “and then dlssolved in dry ethanol (5 mL) .
(4@,82) -4, 5 8,9~ Dlepoxydodecane (733 5 mg, 4 023 mmol)

wasvplaced.ln a lO mL round bottomed flask closed With a

v
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septum. The flask was purged with nitrogen. and kept
under a slight static pressure of the gas. By using a

. )
syringe thevsolution o} tellurium reagent (3 mL) was
added, with magnetic stirring, to the diepoxide. After
12‘h a further'portion of the solution (1 mL) was added
ahd, after 3 h, the remainder of the tellurium reageht
sdiution'was injected, usi;g dry ethanol (2 x 1 mL) as a
'£insé. The reaction mixture was stirred 2 h more and was
then partitioned between péntane (50 mL) and the combined
" organic extracts were dried (Na,S0,) and evaporated at
‘room temperaturé"(water pump) . :The resid&elwas chromato- -
graphed ovér silica gel (1.5 x 40 ém) with chloroform £o
afford two fractiohé. The less polar was_ a colorlesé
oil Which} after Kugelrohr distillation, weiéhed 40.9 mg
(6;6%). Its'NMR and IR spectra were identical to those

122 The second fraction was

of (4E,8%)-4,8-dodecadieng.
diéﬁilled (Kugelrohr; éven temperature 62°, 0.15 mm% to
afford mopoépoxide-(357 mg, 52.94%) as a colorless}liquig.
Examination by TLC (silica, 5% AgNO3, chloroform) showed ~
a largevépof (jet black with hot sulfuric acid) at Rf ~ 0.5
" and a' faint spoﬁ‘(dark with hot sulfuric) at Rf ~ 0.55.
Bisepoxide wa%.absent. Tbe material had NMR (CDC13, 400
MHz) & 0.91 (t, J = 7.4 Hz, 3H), 0.96 (t, * = 4 Hz, 3H),
1.3-1.7 (m, BH, incorporating q, J = 7.3 Hz, 2H), 2.01

(g, J = 6.8 Hz, 2H}, 2.l9=(q, J = 6.8 Hz, 2H), 2.68

(approx. t, J = 4.9 Hz, 2H), 5.3-5.5 (m, 2H). [A weak
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multiplet centred at 2.92 § indicated (by:comparison'
with signal at 2.68 §) that 10.8% of (42 ,8E)-4,5-
epoxydodec-8-ene was present. NMR spectra (CDClB) on
authentic (Z) and (E)-4,5—epoxyoctanes showed the vinyl
multiplets at 2.8 aﬁd 2.65 &8, respectively]. 13C NMR
(CDC13) § 130.6, 128.6, 58.7, 58.3, 34.2, 32.4, 29.3,
23.9, 22.8, 19.4, 14.0, 13.8. The 3¢ NMR\spectfum
showed wéak signals at 131.2, 129.2, 57.0, 56.6, 34.7,
30.0, 29.7, 28.1, 22.7, 20.0. m/e 182.167i [calcd for
Q12H220, 182.1669]. Anal. Calcd for C12H220: C, 79;06;
H,'12.16. Found: C, 79.37; H, 12.14.

Deoxygenation of 28,3B-oxido-5a-cholestane. Stoichiometric

procedure using (EtO)ZP(O)TeLI (entry 10, Table IX).

Lithium 0,0-diethyl phosphorotelluroate was pre-

pared‘by the general procedure described above from Eellu-
. rium powder (33.0 mg, 0.259 mmol) and lithium 0,0-diethyl

phosphite (41.9 mg, 0.29 mmol) in THF (0.15 mL of a stock
solution), the mixture being diluted with dry THF (1 mL)f
The crystalline reagent was generated in the usual way
and then dissolved in dry ethanol (0.2 mL). Another unit
of the special apparatus used to generate the tellurium
reagent was charged with 28, 38—oxido-¥5a—choléstanel75

(100.0 mg, 0.259 mmol) and filled with nitrogen by the

special technique described above for use with such



bapparatus. By means of a syringe, the Ethanol sblqtion

of the tellurium reagent was injected; with ﬁagnétic
stirring, into the reaction vessel, further portions (3 X
0.2 mL) of ethanol beihg used as a rinse. [This protocol
was'adopted because the steroid is insoluble in ethanol,
which is a good reaction solvent.]™ The reaction mixture

was réfluxed for 5.5 h and the black mixture was parti-
tioned between ether (50 mL) and water (50 mL). The ether
‘layer was washed with water (2 x 10 mL), once with saturated
équeous(sodium chloride solutian and it was then dried
(MgSO4). ﬁvaporation and ghromgtography of the residue

over silica gel (2.5 x 10 cm) with tolﬁene gave 5a-
cholest-2-ene (86.4 mg, 90%); mp 73-75°; [ajD = 66;7° (c =
175b '

2.745, CHClB). The material was homogeneous by TLC

(silica impregnated'wtihAS% AgNO4; 2:98 benzene-hexane).

The 13CMR spectrum showed a one to one correspondence

with the published data.l’°C

\

Deoxygenation of 16a,l7c-epoxy-3-methoxyestra-1,3,5(10)- o

‘triene. Stoichiometric procedure with (EtO).,P(0O)TeLi,
2

(entry 11, Table .IX)

The tellurium reagent was generated in the usual
way, but in the presence of l6a,l7a~epoxy-3-methoxyestra-
1,3,5(10) ~triene’’® (169.5 mg, 0.60 mmol), from tellurium

(201 mg, 1.58 mmol) and lithium O,0-diethyl phosphite

145 -
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(275 mg,’l.9l mmoi) in THF (2 mL of a stock soiution).f
The solid reagent, admixed with tﬁe epoxide, was stirred
with dry ethanol (1.5 mL) and the mixture was fefluxed

for 46‘h: It was then applied (without removél of solvent)
to a column Qf‘silica gel (2.5 x 20 cm). Development

with 1:1 hexane-benzene gave 62.8 mg (39%) of 3—methoxy—‘
estra—1,3,5(10),16-tetraene as a homogeneous (TLC, Eilica,

1:1 hexane-benzene) solid; mp 65-68°; [a]. 108° (c 2.38,

176

D

CHC1,) [1it. mp 66-68°; [a]D +109°]. The NMR was

identical with that of an authentic sample of the tetraene.
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trace) by the gram ratio of- component to standard

-of the standard solutlon

Purchased from Aldrich, mp 29-31°,

,Ole column, 150°.

Prepared'by.Cro3;oxidation of the§sulfide_(ﬁ.
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H. B Henbest, J. A W. Reld and C. J. M Stlrllng,
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'OV -1 column l35°

Prepared by H202 ox1datlon of the sulflde (D. -
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(E. C. Hornlng, ed..,) John Wlley, New York, .1955, - ]

‘ p. 771. » »

S

'M. L. Blrd and. F. Challenger, J: Chem Soc. ; 1942
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Klayman and T. S. Grlffln, . Am. .Chem. Soc., 1973,

Chem. Soc.,.1930, 52, 2060.'
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sulfide (F. G. Bordwell and B. M. Ritt, J. Am. :

T~ -
TN

Chem. Soc., 1955, 97, 572) (27.33 g, 172°4 mmol) .

and trimethyl phosphite (25.0 g, 201.6 mmol). The

. product, isolated as a colorless liquid (120-122°

~at 0.05 mm), had. NMR (CDC13)" 6: 7.6-7.2 (m, 5H),

- Acta Chem Scand . 19619 15, 249 A "t

3.83 (s, 3H), 3.66 (s, 3H), 3.20 (d, J = 14 HZ,
2H); b) S.-0. Lawesson, C. Berglund and S. Gronwall,

¥
=) .
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This compound was a gift from R, D. G. Cooper, Eli

" - Lilly Corporation.

142.
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/
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151.
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E. H. Flynn, "Cephalosporins and Penicillins,"
Acédemic Press, New York, 1972, p. 697 and ref. 30b.

OV-17 colupn, 230°; a solution of diphenyl sulfoxide
and diphenyl diselenide in CHCl3 showed no diphenyl
sulfide on the VPC trace when injected under the
same conditions as the VPC analysis.

OV-17 column, 170°; a solution of di-t-butyl
sulfoxide and diphenyl ‘diselenide in CHC1 showed
no di-t-butyl sulfide on the VPC trace when injected
under the same conditions as the VPC analysis.

'R. B. Morin, B. G. Jackson, R. A. Miller,

E. R. Lavagnino, W. B. Scanlon and S. L. Andrews,
J. Am. ' Chem. Soc., 1969, 91, 1401.

All of these reactions were performed under a dry
nitrogen atmosphere.

. . , £ , :
The product from entry 3, Table V had identical IR

and NMR to the product from entry 2, Table VI.

The prbduct from entry 4, Table V had identical IR
and NMR to the product from entry 1, Table VI.

No increase in yield was achieved by extendiﬁg the
reaction time to 24 h. ‘ 5

a) In a similar experiment carried out overnight the
yield was 50%; b) The product from entry 7, Table V
had identical IR and NMR to the product from entry
3, Table VI.
— .
a) No significant improvement was observed by
extending the reaction time tp 14 h; b) The product , )
from entry 8, Table V had identical IR and NMR to t
the product from entry 4, Table VI.

This compound was prepared from undecanal (6.0 g,
35.2 mmol) trimethyl orthoforxmate (7.0 g, 66.0 mmol)
and H2504 (2 drops) in dry (distilled from ﬁb) .
methanol (50 mL) stirred for 2 days at room tempera-
ture. Addition of 1 mL triethylamine followed by .

‘distillation yYielded a colorless liquid, bp 105-108°

(3 mm) (J. W. Farguhar, J. Lipid. Research, 1962,
3, 21); NMR (CDG{,) & 4:30 (t, 3 = 5 Hz, 1H),
3.23 (s, 6H), 1.Ng.7 (21H). B
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5,5-Dimethyoxynonane was prepared exactly as in ///
ref. 152 yielding a colorless ‘liquid, bp 74-76°

(4 mm); NMR (CDCl § 3.11 (s, 6H) 1.7-0.7

(18H) . Anal. cated for C1yi1240,: C: 70.16; H,

12.85. Found: C, 70.33; i2 81 ,

M. T. Bogert and P. D. Herreva,_J Am. Chem. Soc.
1923, 45, 238. -

2-Methyl-2-(2-naphthyl)-1,3-dioxolane was prepared
from 2-acetylnaphthalene (6.5 g, 38.2 mmol), ethylene
glycol (10 g) and p-toluenesulfonic acid monohydrate .
(200 mg) under benzene (70 mL) refluxﬂkovernlght)

with a Dean-Stark trap. Distillation yielded a

pale yellow liquid (110-118°% at 0.5 mm) that
solidified on standing; NMR (CDCl3) & 8.04-7.15

(m, 7H), 4.2-3.5 (m, 4H), 1.71 (s, 3H). Anal.

calcd for Cj4H1402: C, 78.48; H, 6.59. Found:

C, 78.44, H, 6.55. o B

1- (Dlmethoxymethyl)naphthalene was prepared exactly
as in ref. 152 yielding a colorless liquid, bp
103-108° (0.01 mm): NMR (CDCl .§ 8.4-8.2

(m, 1H), 7.9-7.2 (m, 6H), § (s4 1H), 3.30

(s, 6H) (D. M. Baily, Chem Abs 1973, 78, 14767n).

This product was isolated and charaeterized by
NMR and MS in another identical experiment.

Purchased from'Aldrich, mp 149-152°,

D. H. R. Barton, N. J. Holness and W. Klyne, J. Chem.
Soc., 1949, 2456. | v

Purchased from Pfaltz and Bauer.

R. V. Oppenauer, "Organic Synthesis," Coll. vol.
3 (E. C. Hornlng, ed. ), John Wiley, New York, 1955,

p. 207.

a) J. Jacques, H. Kagan and G. Ourlsson, "Selected
Constants, Optical Rotary Power. Ia. Steroids,"

Vol. 14 of "Tables of Constants and Numerical Data,"
(s. allard, ed.), Pergamon Press, Oxford, 1965;

~b) G. M. L. Cragg, C. W. Davey, D. N. Hall, G. D.
Meakin, E. E. Richards, and T. L. Whateléy, J. Chem.
Soc. (C), 1966, 1266.

a) E. Tobler, Helv. Chim. Acta, 1965, 52, 408;
b) OoV-1 column, 110°,. %
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Soc. Chim. Fr., 1935, 2,7 1936); b) OV-1 column, 120°;

- ' 159

a) This compound was preparedifrOm l-decene and 85%
m-chloroperbenzoic acid in exactly the same manner
as the preparation of (74): (B. Rotstein, Bull.

c) The reaction mixture was compared to a standard
solution composed of octane (0.1463 g), epoxid
(0.1319 g), and oelfin (0.1256 g) in ethanol (2 mlL) .. Ny

a) Purchased from Aldrich; b) OV-1 column; c¢) The
standard solutions were composed of: dodecarne
(0.1504 qg), 1,2~epoxycyclohexane (0.1976 g), and
cyclohexene (0.1327 g); and dodecane (0.1510 g), .
1,2-epoxyoctane (0.1510 g), and l-octene (0.1335 g).
Both solutions were diluted with ethanol (1.5 mL).

a) A silver nitrate-impregnated column was prepared
as follows: silver nitrate (40 g) was dissolved

in ethylene glycol (40 g) and a portion (20 g)

of the solution was distributed over Chromosorb

P (Acid Washed 60-80 mesh) (40 g). The packing was

used to f£ill a stainless steel column (20 ft x \
1/8" 0.D.). Use of test mixtures showed that this

. column could separate cleanly the (2Z) and (E)-

isomers of 4-octene and could also resolve most
of the other octene isomers. The column was used
at temperatures in the range 60-80°C (E. Gil-Av,
J. Herling, J. Shabtai, J. Chromatog., 1958, 1l, 508;
E. Bendel, B. Fell, W. Gartzen, G. Kruse, ibid.,
1967,.31, 531). b) A silver. tetrafluoroborate
impregnated column was made as follows: silver
tetrafluoroborate (3 g) was dissolved in 3,3'-
oxydipropionitrile (20 g) and a portion (12 g)

of the solution was distributed over Chromosorb

P (Acid Washed, 60-80 thesh) (48 g). The packing
was used to fill a stainless steel column (40 ft
x 1/8" 0.D.).

OV-1 column, 155°. Q

1,2-Epoxyeicosane was. prepared exactly according

to the procedure for the preparation of (74) from -
eicosene (20.38 g, 72.6 mmol) in CH2Cl2 (500 mL)
and m- chloroperben201c acid (14.63 g, 71.9 mmol)
in CH2C12 (200 mL). After work- -up, the. product
was purlfled by ‘chromatography on alumina (pentane
elution) yleldlng a white solid; mp 39.5-42; NMR
(CbClj3) 6:3.0-2.3 (m, 3H), 1.7-0.7 (37H); m/e

(low resolution): 296 (CqH4qO) .
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~~
a) D. E. Bissing and A. J. Speziale, J. Am. Chem. f»
Soc., 1965, 87, 2683; b) ov-1 column, 125°; c) The
reaction was“Eompared to a standard solution composed
of dodecane (0.1279 qg), (E) -4, 5-epoxyoctane (0.1529 qg),

and (E)-4-octene (0.0908 g), dissolved in ethanol
(1.5 mL) . : ‘

a) W. K. Anderson and T. Veysoglu, J.‘Or?. Chem. ,
1973, 38, 2267; b) ov-1 column, 185°; c) The reaction
was compared to a standard solution composed of

1, 2-epoxy-p-menth-8-ene (0.0907 .g) and dodecane »
(0.1066 g) in ethanol (2 mL). . ‘

a) Carbowax column, 80°; b) This reaction was
compared to the standard solution in ref. 165c.

Carbowax column, 110°.

a) This compound was prepared from commercial

(Z2) -4-octene that contained ca. 3% of the (E)-
isomer by vpcléba, p) oy-1 column,z 120°; c) This
solution was compared to a standa;ﬁ solution compo-
sed of (2)-4-octene (0.2577 gq), (2)-4,5-epoxyoctane
(0.0937 g), and dodecane (0.3184 g), dissolved, in
hexane (20 mL). '

a) This compound was prepared from commercial
(E)74-octene that contained ca. 1% -of (2)-isomer
by vPcl66a; b) This solution was compared to a
standard solution composed of (E)-4-octene (0.2777
g), (E)-4,5-epoxyoctane (0.1740 g), and dodecane
(0.3086 g), dissolved in hexane (20 mL) .

a) E. J. Corey, J. Am. Chen. Soc., 1953, 75, 4832;
b) Reported values for mp are 66-75°; for [alp,
66 t 2°162a; ¢) 3. w. Blunt and J. B. Stothers,

Org. Mag. Resonance, 1977, 9, 439.

B. Schénecker, K. Ponsold and P. Neulahd, Z. Chem.
1970, 10, 221. _ '



