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CHAPTER 1. . SR
a . | CA
@ AR _ . . . . [T
: WYEW:VERSATILE AND DIRECT APPROAQH TO PROPARGYLATI(N
INTRODUCTION { : S
. g ' In the past two decades considerable effort has been dedicated

to solving the problems assoc1ated with coupllng reactlons -
Methods for couplmg either a propargyhc or a11y11c unit ar
espec1a11y‘ mportant for the synthe51s of molecu‘%s foun,d . tbjr'e,,
pattic'ul 1y those of the isoprenoid typ@ In .*this‘\intréduedtion,
the discussion will be limited to propargyiit coupling- ' |
Ba51ca11y, there are two approaches- to ‘the "propargylatlon" 1
reactlon | e , , "e
a) The coupllng of a propargyl halide with an alkyl or an

allyllc organanetalllc,

—RC HZCEC-H

R,M(X)' v X H,C=C-H

: M Mg, L1 etc. ,
b) Couplmg of an. alkyl or an a11y11c hahde w1th a propargyl
organometalh?

s

. 2\4

b
A

M= Mg, Li, etc.

Early reports on ‘the f1rst method utlllzmg pmpargyl bromlde
and a Grlgnard reagent showed that caanex mlxtures of allenic, —

v
{
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acetylenic and 'metallhalogen exchange products were fohned 1,2 :

-
L]

Also because of the presence of.a temminal acidic proton in

propargyl bromlde ‘the acetylemc Gngnard was ‘also produced

\

v - N N . V 1 ,‘ » / .
"'C.EQ'C f{ZBr +r, E,tmgg? T CGHg *+ GHC HiCC Hy + -

. v | o CSH—]‘CEC—H“., ’BrM' e

CZHSBr | /o S~ | /\ﬂ ,

lfecently, Arens and Brandsmas have shom that ﬂle ma‘in % ,‘

Y
¢

product obt;amed when the- reactlon 1s carried out at a low tempera-

ture ( 40° ) 1&the allene. = >

/( ol
90%

C H3'(C‘HZ)‘;)C Irleng + QH—CEC-C.HZBr

| C H3((; H2)7C H=C=C H2 |
(h the basis of these resulis, little hope ex1sts for a success-

ful propargylatlon reaction ut111zmg th1s methodology of couplmg

Prehmmary work based on the second~” appmach was also not

..very encouragmg due to the low ylelds and laborlous separatmns

o ‘rveqmrcd Examples of earlier attempts are shown in the follow &
RN

- 4.5 : .
equations, *° . : _ . . .

20% (impure)

e

e

. Ref.4a _
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HyC=C H-C H,Br + (H-CiC-C H‘ZMgB;—”Afj-cé‘cic H,C HiC fi=C H, -

. : . . : T~ A
- . » / . .~ .
= o o : R H2‘C=C=C_H—C H,C H=C H,
o3y
Ref. 4b

Although varymg the reactmn condltlons has sqmewhat 1mproved .
. the outcome of this approach nevertheless the formtlon of

allen1c mater1al ‘has not been av01ded Moreover, the des1red

acetylene is extremely difficult to separate from the mlxture4

1

) S~

unless it is transfonned into a der1vat1ve which® can be separated

from the ‘al lene.

"The latter method has recently been modified in two different
. ' ' B ® S u
ways. N\ y

In the f1rst a blockmg deblockmg procedure reported by

‘u

"Corey and K1rst9 the formatlon of the. allene is mmmuzed by

_’ makmg use of a new, reagent 1- tr1methyls11y1propyny111th1mn
| \3 The tr1methy1511y1 group, prggsumably because of ster1c

- hmdrance and perhaps also due to electronlc factors av01ds to .
a great extent the formatlon of the allene. Subsequently, ‘

deblocking affords the free acetylene in good y1elds " The ent1r[

At

N sequence ‘mvolves the followmg reactlons

t

_ Me381C1 . l n- -BuLi - e
C H_C=C-Li ﬁ"C H C C SiMe,————LiC H C C- SlMe
A o3 'IMZDA & 2] _ 3
- ) , X i Lo + —> A ) . .
_ R-X :  Ag /N . : 3
—-——»RC HZC =C- 51Me3 - CRC ‘l!»zC:C-H._ _»
: r' '*“ i : .

A

Tom v
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ThlS method has been apphed successfully 1n tﬁe&total h _t

synthes1s of several natural products For examp,le an 1mportant

sequence in the synthe51s of Cecropla Juvenlle hormone 1s 111us-?

tratcd below 19 i N _ o _4 ‘o

%
/ )
1. .PBri,;

2. LiC H)CC-SiMe,

3. Ag", ON

The second mod1f1cat10n was. dev1$ed by Ireland and coworkers 10

'Thlsﬁ; me thod utlhzes both the "'old" procedure (1, e., reactlon ‘of

the Grignard reagent of propargyl bran1de with a hal1de) in concert

v’mth the Corey l(ust9 trlm’ethylsﬂylatmn procedures Thus the

cmde alkylat1on reaction mlxture is fust treated with ethyl-

: . ’. magnesunn brom1de (wh1ch acts as a base), ‘then tr.unethylchloros:tlane

is ?dded to fonn the s11y1 denvatlve of the alkyne 'Ihe separa-

’t1on is carried out’ and the propargylated product can be regenerated:; '

-

‘usmg the same Arens procedure ut1112ed by Core) and Kirst. 9

Y

R—;,x' + H-CEC-C H"ZMgBr — [g’z!c HzCECfH + *R-CH=C=C H, ]

1. EtMgBr Separation ' Ag' ~ . R
———— | —= ——+ RCHC(CH - -~
2o Mesic | o R |

$ .

One appllcatlon. of this method is 11115trated for the synthe51s "




: .
Br. I _m
\m‘."‘—\ :

ez

Sl(C H 1

- This concept was also employed by Katzenellenbogen'and'

Coworker58 in a synthe51s of'the tetrahomoterpene 1solated from

— <‘ the codllng moth.

.

",/’“S\,<’L§s,//\5\3r + H-C:C-C HMgBr

1. MeLi

,'*72;‘c1c025t'
/s . :

Although some: of the pfféedures dlscussed earller have fbund

use for propargylatlon, thef\gze nonetheless mu1t1 step processes



BT

and it would be h1gh1y de51rable to find a one step me thod for

such a tranfbrmatlon

11, F. Jaffe reported the format1on of allenylllthlum

In 1970
by metalatlon of allene using n buty111th1um in tetrahydrofuran.
The chem1ca1 _properties of this new organometallic were 1nvest1gated

for 511at10n and 1 Z-addltlon to benzophenone.

/’

compound as a poss1b1e propargylatlng reagent.
Tt

< -

AR
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. RESULTS AND DISCUSSION
b

Allene has been tﬁe subJect of exten51ve study presumably

because of its interesting molecular structure In sp1te of  the
"fact that many physical and cheml\\\‘propertles of allene are

, P :

known no spec1f1c investigation Has been undertaken to determlne

the pKa of this hydrocarbEn - | Q\

| Prototroplc rearrangements of allenes w1th bas\gbsuch as _ .
sodlum amlde or pota531um hydroxrde 12 tend to indicate that

vallenlc hydrocarbons posse551ng termlnal C—C Hz unlts are relatlvely'
"ac1d1c"

Jaggell

has shown that when allene is allowed to react with
n- butylllthlum in tetrahydrofuran at 50 , a11eny111thium is
vproduced and- furthermore _suggested that as a résult of thls fac11e

metalation, the pKa of thlS hydrocarbon is conparable to that of

fluorene " (pKa 23) e S L
CHyC-CH, + n-Buli — e -CHech w .

When the metalated allene. was allowed to react w1t£ tr1methy1- .

chlor051lane, both the allenyl and the propargyl srlanes were

obtalned(gln unstated yields). -~
: R | . ,
C.H2=C=C HLi + Me3SiC1 c H2=C=C HSlM§3 +
H-CC-CHSibey



- 8-
Furthermore, the addition of allcnylllthlum to benzophenone'

affbrded the propargyllc alcohol in 70° y1e1d

| 0 ; | | D
t I 3 ) : ?
P—-C—d> + HZC?C=C HLi————}-CzC-C HZ-C—OH
. S : _ -
P .
N l/// ) . ./ N

However; no 1nvest1gat10n was undertaken concernlng the

:»reactlon of this organometalllc towards alkyl or a11y11c halldes
" The purpose of the’ present 1nvestigation was to explore the

chemlstry and synthetic scope of . alkylatlon reactions of- allenyl—

'.llﬂuwn | '

Metalat1on of allene under the same cond1t10ns reported by

 Jaffell (tetrahydrofuran/n buty111th1um 50 ),,fbllowed by the

" addition of n-heptyl iodide (molar ratIDJof RLi/R'I ? 2.5) and

' slow:warming to roam temperatute;led to the eonsumptien Of‘all the

startingtﬁalide and‘fdrmation of the‘correspondiﬁg allene (209 

| yield )and the acetylene (16% y1e1d) Also a volatile mater1a1

presumably I- heptene was detected by glc

C H2~C-—C Hz/n BuLi

I -~C H (C HZ)SC HZC HZC C-H

x\‘ s CH(CH)CHZCHC—CHZ

: Apparently allenylllthlum in tetrahydrofuran behaved prlmarlly as’

CHg(C Hy)C H

Ca base and e11m1nat1on rather than sub§t1tut10n took place prefer--

entlally. | //‘
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When the reaction m repeated using NN l\l' N‘-tetfa-
methylethylened1am1ne (TMEDA) as an add1t1ve in =an ether/hexane
solvent system, a similar product d1$tr1but1on was obt'uned
(although not all of the sta_rtmg material was. consumed) .
- These resuitcs indicated that polar eerdinating media, such

as THF or TMEDA, which are known to "free" anions’ from the

‘correspanding gegven'ani‘on}3 promoted formation not only of elimina-

' tion»product but. rearranged allenic product ‘as well.
As a result, ‘a study of the metalat1on a]lcylatmn of allene

‘ was next undertaken in a less polar solvent system Ether was

4

r

mltlally ‘chosen as solvent, and since ccmnerc1al n- butylhthmm o

in hexane was being employed al:1 ratlo (by volume) of ether
hexane was ut111zed merely for convenience. |
:I'he reactlon of n-butylhthlum and allene in a dlfferent
: solvent system posed the problem of determining the extent of [é;
.mtalaucn at several temperatures It was espec1a11y 1mportant
to fmd the point at which none bf the startmg n—butylhthlum

mmamed (1..3., when the metalation was canplete)

N

It 1s well known that alkylhthlum compounds in the presence

of alkyl or allyhc hal1des undergo metal halogen exchangel_l‘{

The result is the formation of three poss1b1e products as -

.111ustrated in the follo"wmg equat1on5' L - o

RLi_ + ,R'X'——_“__‘_'___RX + R'Li

|

R-R | R°R'

X



RLi + RX ——— «R-R

i R'-R?

+ R'X + R'Li

&3 ’
There are several methods avallable in the literature to determme

* the presence of alkyllithiums. Among the best known is the Glln;an
/testls However, the Gllman test does not permlt the d1fferent1a—_'.

t1on between two. organollthmm reagents in a m1\ture Thus, it

u,~-«,

‘ ‘was dec1ded to employ a method that \\ould transfom n-buty 111th1um :
into a derlvatlve rand hopefulh, at the same time learn more

about the chcmlstry of alleny1lithium.

Alkyl vmyhc and ar) 11ithium compounds readll) react w1th

! - /\5

' cuprous 1od1de  form an "ate conplm" (cuprate) . House and

. coworkers have emonstrated that these cuprates react under very
16

m11d canditions|with conjugated enones a:a 1,4- addition

—=R,CuLi + Lil

, o
Consequcntl), this mcthod was chosen f01 the stud) of the

_metalatlon of allenc. If an enone such as ‘.-C)'clollcxexlone were

\

~, k . 1

"
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“utilized, the'preseuce of-njbutyllithium could be detected by the

'formation of'3-buty1cyc10heianone' At the same t1me the products

arising from allenylllthlum would give an indication of the

' dchemlcal reactivity of thls_organometalllc.

2 n-BulLi + .Cul ———=(n-Bu) ,CuLi + LiI

0

n :BU

Allene and n- buty111th1um were mixed at 78 in hexane/ether
(1:1) and then warmed to -50° At ‘this p01nt cuprous 1od1de was

‘added ‘the mlxture was stlrred for 30 mlnutes then cooled to

-78° and treated with 2- cyclohexenone .Analysis by glc_revealed" .

the exclusive formatlon of S-butylcyclohexanone, a'clear '
1nd1cat10n that allene ‘does no% undergo apprec1ab1e metalatlon
at thlS temperature 1..’1 SN

" The same procedure was, repeated but thlS t1me ‘the tempera- '
ture of the mixture was allowed to 1ncrease to- -30 Three

products were obtalned on thlS occasion: 3-buty1cyclohexanone,

1-(Z-propynyl)-2-cyc10hexen-1-ol, ‘and 3—(2rpropynyl)cyclohexanonc,

H,C=C=C H,— =

A\

~
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The formatlon of products conta1n1ng the propargyllc un1t

demonstrated that allene did undergo metalatlon under. these

condltlons however, the presence of 3- butylcyclohexanone 1nd1cated

- that the metalatlon of allene was incomplete. - ' \’

In another run, the mixture of ‘allene and~n-buty11ithium‘
(-500) was alloWed to waim to -20° whereupon a whlte prec1p1tate
formed This suspen51on was st1rred fbr 15 mlnutes at -15° and

the 'same procedure using cuprous 1od1de and 2-c¥clohexenone was

followed. Thls time 3- butylcyclohexanone was absent and only the

i

1 ,2- and 1 4- add1t1on products resulting" from propargyl group

mlgrat1oﬁ\ were present These results showed that under the |
aforement d condltlons the n- butylllthlum was notally consumed.
Subsequenzisgthese condltlons were used for the alkylatlon reac-
tions. o o . A |
Add1t10n of n- hept)l 1od1de to the mixture of metalated

allene (at 2&, RL1/R'I = 3 1) and slowly warmlng tne resultlng

R mlxture to room temperature resulted in the format1on of 67% of

1- decyne and 23% of starting 1od1de. Theve}nu;no ev1dence (1r

or nmr) of allene fbrmatlon

In a repet1t10n of thlS experlment, 1t was found that a

. rat1o of RL1/R'I = 5 was necessar) to consume all the starting

b'hallde. This resulted in the formatlon of 93% (glc) yleld of :

1- decyne (after a seven hour reactlon per1od at TOoOm temperature)

, o | n- heptyl 1od1de . \
"CH =C=C H, + n-BuLi - 1-decyne
2 2 o3t

" The propargylation of benzylic and allylic halides, a most.f
‘ : ) s T ~ oo ‘

v
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intefesting problem, from the synthetic point of view, was next
-examined. ‘
v Stmight chain terminal acetylenes are usually synthesized
by interaction of the correspondmg alkyl hahde and sodium or
: 11th1um acetxhde However, attempts at couplmg alkali metal
acetyhdes w1th hamoallylic or hbmobenzyhc halides to produce
1,5- enynes has been proven to be generally inefficient, due
to the tendency of these systems to undergo ehmnat10n17 18, 19 :
- The reaction of benzyl chldnde with metalated allene was. - |
found to be faster than the corresponding reaction w1th n- heptyl‘
- iodide. After forty minutes, the startmg materlal was- canpletely
o consumed with concomltant quant1tat1ve transfomatlon to
| 4-pheny1 1- butyne. Also, the RL1/R')( ratio, necessary to achleve
~ this result was - con51derab1y smaller than in the case of

Ay

‘ —heptyl 1od1de namely 3 5. " ' ,i,," \

S C H2=C=C H,/n-BulLi o .
®-C H,C1 : = ®-C H,C H,C=C-H

. S « 1008
A11y11c halides, such as geranyl chloride, behaved in a

.. manner comparable to benzyl chloride. No evidence of SN"'

attack isamerization of the double ‘bond or allene fom:atmn
) could be detected B

5" 92% (isolated).
‘-‘-.N}L:?‘ RN & ,

p :
b%“ -

P
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Also, 1,3-dichloro—2—butche, was propargylated in 80% (glc) yield.

1

In order to ascertam whether ;he lithium salt or the free

v,
'n—"

acetylene was present at the end o/f the reaction, deuterated water b
‘was. Lsed to quench the mlxture émg benzyl chlorlde as alkylatmg A
-agent. Complete deuteratlon of the termmal acetylenlc pTOduct : f?

was -obtained, dcmonstratlng that the lithium acctyllde was the e;@;v

mtemedlate prior to hydro1y51s

| C H,=C=C Hz/n-BuLiT B L "%
®-C HyCl —— - e 2
‘ . v ,»-4‘5' : 3’ |
BN ' @5‘
o » »DZO

The attractlve p0351b111ty for further functlonahzatlon of
thlS 1ntermed1ate e1ther by treatrnent with parafomaldehyde to _b W |
form the correspondlng propargyl alcohol or with ethyl chlorofor— -
mate to g1ve rise to the acctylenlc ester also proved to be
: successful In thlS way, the 1mportant precursor in the synthesis"
of -famcc.oll‘j and sirenih was obtained'2 in 833 yleld (1solated)

from geranyl chloride w1thout 1solat10n of mtennedlates
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835
BN v ' | | by °

Ethyl chloroformate was employed in the propargylatmn of

benzyl chlorlde and the correspondmg ester\ was isolated in 809

y1e1d
B ' » , ClOQzEt
®-C H,C1 - == ®-C H,C H,C=C-Li 2 -
) _ _ 2° 2 o .
: } | N . R
¢-C HZC HZC:C_FPZEt
803

On. the ba515 of these results, it 1s apparent that thlS
new reactJ,on representé a hlghly efficient, convenlent procedure
for effectlng t}re direct propargylation of ha11des w1thout the
‘ usual problens experlenced by other methods (allene formation, etc )
An add1t10na1 advantage is the p0551b111ty of in situ functmnal-

v‘1zat10n of the terminal alkyne w1thout_ 1solation of intermediates.

The Nature of the Propargylating Agent - o v >'

. The most pertment> analogy to the present study 1s the partlc-

' ular case of the Grlgnard reagent fonned from elther propargyl

(38
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"bromidé or allenyl bromide.

) C ”2=C=C HBr \
H-C=C-C H_Br /

Z I

C H2¥C=C HMgBr

Thc resﬁ€;t1v¢ Grlgnard rcagentii;;;pared from elther halide
show the sanme infrared absorptlon at 1878 1. On this ’
- ba51s the constltutlon of these reagents was be11eved to be

1dent1cal and correspOnd to an allgnic structure,

. g N
’\j “apT "\.....’\

More rccentl\ the allenyl structure has been suyported

by proton6 and ]3C nnr.: spectr0<copv7. The ab:orptlon at a very

low field (208 ppm, relatl\c to TS, C H,= C—C HMgBr) in the
13 E\nmr spcctrum unch1\ocab1\ conflrms the allenlc structure .
: for this Gr1gnard reagent.

H\dr01x<1§ of a freshl\ preparcd "prOpargxl" Grlonard rcagcnt

afforded an allenc/prOpvnc ratlo of 4. This organometalllc

perlod (in ether), the. abqorptlon band in the ir shifts fron 18 8
to 1950 m 1! At the same tlne the ratio of allenc/propvnc
obtalned upon h)dr01\51\ is rcduccd to tuo Upon troarmcnt of the
~agent which was refluxed for 15 hour< hlth dCCtOﬂC , a 948
;ield of the diol was obtained:. »
These rc<u1t< have been 1nxcrpretcd in terms of a d1<proport10n—

Y

ation of the mOné to thc dx Grlgnqrd rcagcnt

" appear< to be unstable, 51ncc either on standlng or aftef a reflux o



) ?I. _
" H,C-C-C Il
A 3 3 _
- € Hy=C=C mthr“»c H (MgBr) ) -

o

o

DIy

'/ - (C Hz) ,OH-C H,-C=C-00H(C H), o

Jaffellfhzs reported that allenylllthlum shows charactcrlst1c

AT absorptlon either at 1887 or 1894 cn depending on the°solvent
. 1\,.{-} s
- Ké%%% 1n which 1t was prepared. Because-these results were 51mllar to

those reported for the Grlgnard reagent of proparg)l bromlde an
allenlc structure was assrgned to the organollthlum compound

However thds author did not consider that the d111th1um salt of .

propyne also shows an absorptlon22 at 1870 cm 11

-

A brlef 1nvest1gatlon was undertaken to determlne the nature
of the reagent prepared 1n hexane/ether (1:1), wh1ch were the 1
cond1t1ons used for the propargylatlon reaot1on

For. this study, n-but)111th1um was mIXed with an excess of
allene with ether at -78°. on warm1ng slowly to 20 a white:
prec1p1tate appeared. and the suspen51on was stlrred for a certaln

e

<per10d of tdme (sec Table I) Vacuum was appllcd to ellmlnate

:Cess allene and the sample was hydroly zed w1th DZO' _The gas

"'evolved was collected and analy ed.

%.J,..

T TABlE,I

Comp051t10n of the Gas Evolved Upon Hydroly81s

of Mctalated Allene |

RV o Run Time(mln) % allene - "% propyne
S T (" S * S
N2 30 21 79

e Y
- ‘_u.'_
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The results of the glc mass spectral analys1s for nm 2

are-’ shown in Table II
S ".' ‘(' v
TABLE 11 .

& - g

Deuterium Incorporation of Allene and Propyne

) L. __?' ' . ’~k , - }dO. ‘ dl . d2
' ¢ - Propyne - 27 73,

" Allene 52 48 -

A sample taken from run 3 (after 30 m1nutes at 20 ) was

r‘evaporated in-vacuo to dryness A portmn of the SOlld obtamed

,was hydrolyzed and the gas analyzed by glc. The gas was exclus1vely
: propyne The ir spectra of t}us sol1d (nUJol) showed a strong
absorptlon at 1890 am” 1 '

In another expernnent the metalated allene was allowed to

o reach 25° and. held at that temperature for 45 minutes. . ~ The

mlxture was cooled to -20° . evacuated then hydroly"ed w1th D 0

A'Ihe gas evolved was shown by glc to be. 99" propyne (a trace of

o/

i 'allene was present) 'I‘he 1r spectrum of the gas presented two

i1 which probably corre-

mxportant absorptlons at 2600 and 2610 cm
sponds to DC H,CzC-D and C. H3C_C D ( =C-D stretchlng) o
'I‘hese Tesults show that there 1s presumably more -than one

' “species present’in the mixture at -20°. 'I'he detect1on of allene d
\

'mdlcates that some allenylhthlum exlsts but- because of the -
’ large proport10n of propyne d » 1t is concluded that the mam

const1tuent is the d11'th1um salt C3HZL1




- of the dilithium salt of propyne7;

MRV DCHCCD

- 19 - . | 7] .‘ ‘

'I'he 1solated 11th1um salt and the mlxture which was allowed y
to warm to Toom temperature produced excluswely propyne upon
hydroly51s Similar behavwr has been observed upon hydroly‘sis_ :

\
\

The derection of the allene-d, is probably due to the

wl excess allene s1nce under' the condltlons at whlch%‘the
experlments were Tun it proved 1mp0551b1e to completely e11m1nate .
~the excess allene. Also, 1t s poss1b1e that some allene- ao '
could arise by d1sproport10nat1on of allenylhthmm

The presence of propyne- -d, is expllcable on 'the ba51s that L
allenylllthlum may rearrar. 1e 1n part to propynylllthlum The .
'e)ustence of thlS salt was actually proved when the mtemnedlate,?
l1th1um acetyhdes were treated with parafomalde,;’\&yde Small
amounts of 2- butyn 1-01 could be isolated. '
| CHS A
R (¢ HO), .
-cHgesc-Li” b \ s

b e

DZO

s -C‘HS‘CEC—D' C-C=C H,0H ..

‘ : n-BuLi
C HZ—C-C Hz—*—>c HZ-C*C HL1———>C H.,=C=C HD

) 1 2

CHL1

e ~} T /H\@\kn Et
R HZC‘C CHOH™ . RC HCeC-,Ee

RCHCCLl



A\ =200

Althotxgh the ebOVe results are rather. Canplex they nonetheless
mdlcate that allenylhthlum is not a stable organometallic as
or1g1na11y clalmed Very 11ke1y, it rearranges to some extent to
‘propynylhthmm and mainly dlSpI‘OpOI‘tlon;teS to C3H2L12 |

These observatlons parallel those d1scussed prev1ously for -
allenylmagneswm bromlde The latter reagent on standmg, dlspro-
‘ portlonates to the di- Gr1gnard reagent and in part also rearranges
| to the acetylemc organometa111c7. | ‘) B

C HZ-C—C HMgB:‘ —ﬁ——»c H.C=C- MgBr + CH, (MgBr) 5



3} v EXPERIMENTAL

General Considerations

‘Infrared (ir) spectra were recorded on an Unicam SP 1000
Infrared Spectrophotometer. | | |
- Nuclear maghetic resonance (nmr) ~spectra were run on a-
‘Var1an A-60 or Hﬁ 100 Spectrometer Unless othemse stated,
carbon tetrachlorlde (cc1 4) was, employed as the solvent w1th
‘tetra_methylsnane_ (TMS)..a¥ the -internal reference standard
. (hemical shifts are reported as 6 values relative to ™S = “0
The following abbreV1at1ons were used ‘in the text s = srnglet
d = doublet t = tr1plet and m= multlplet
Mass spectra were recorded on an AEI }«bdel MS-2 or Model
(NJS 9 Spectrometer Spectra are reported in the followmg fash1ont
‘m/e = peak mass (relat1ve 1nten51ty) ‘
Quantltatlve gas l1qu1d chromatographm (glc) analyses were
' performed on Varlan Aerograph Series 1200 and 1400 mstruments
Versus a reference solution of the authentic canpounds usmg a
‘column packed w1th 209 DE(B on Chromosorb W. Preparat1ve 8C workf B
“ was performed on a Var1an Aerograph A 90 P3 mstrument usmg 20% :
IEGS on Chromosorb W, 10" x %",
// Refractive indices were measured on a Bausch and Lomb Abbe -
3L Refract(meter R
- All operatlons were carrled out. under an at:mosphere of

oxygen free n1trogen24.’ - _ ) : - ~



o= 22 -
The concentratmn of conmerc1al n- butylllthlum in hexane

(Foote 1. 5 1.6M) was determlned by t1trat10n with 2-butanol

25

in xylene“”. Allene (Matheson) was more than 995 pure. <

i

The Reaction of Allene. and n- Butyllithium in the Presence ’

of N, N, N' N'—Tetramethlleth)]enedlamlne Followed by the

Add1t10n of n- Hepty] Todide -

4

(¥

%/a sOlution ‘of n--butyllithitm (33 1 ml 50 mmole, 1.51M)

was added a solutlon of TMEDA (5.81 g, 50 mnole) in 20 ml of ether
P :
ma1nta1n1ng the temperature below 25 ’ The mixture was cooled to

V-SO and allene (3.m1, c a. 50 mmole) was distilled 1nto the flask.
Towards the end of the d1stlllat10n a whlte prec1p1tate appeared

: Stlrrlng was contlnued for 10 minutes and then the temperature
Lo o’
© was slowly in reaqed» to -20°. A solut1on of n- heptyl iodide

(9 04‘g, 40 mnole) in 20 ml of ether was added dropwise. At this
" tcmperature an ahquot was analyzed by glc (60 ) | Only ctartmg
’ mater1al w%s present The temperature was allowed to increase to

25°. After 30 mmutes the mn*ture was poured into ice -water and
J

‘ extracted with ether The organic ex'éract was washed with dilute

:,hydrochlorlc d(,ld brlne and dried over Na QO Analvcis b\'

Oy
glc showed the presencL of 500 startmg materlal Also 1 decme'

ﬂ.

;was prcsenx in_15% (ida .tlflcd by peaJ\ enhancement) ' and another

Compqnent w1th a very cloqe retentlon t1me .in 208 (relatne areaq)._
Prcpamtlvc glc (ut) 1fforded a mnturc of 1 decyne and :the

R unknown competmt This m.. ture qhowed ir <lb<0‘rption (11qu1d f11m)



, g
at: ' 3320 (C=C-H), 2120 (C_C) 11960 (C=C=C) and’ 850 a1
(C-H=C=C- HZ) Based on these _spectroscoplc data the allene

| ‘was inferred to be 1,2-decadiene. | \

The Reactmn of Allene and n- Butylht]uum in Tetrahydrofuran '

Follcmed by the Addition of n- Heptyl Iod1de

To a cooled solution (—406)‘*of n- butyllithimn' in hexane

(>. ml, 50 nmole 1.52M) and 30 ml of tetrahydrofuran allene -

(+.>oml, c a. 58 mnole) was added, at -50° No prec/1 te

-.was formed at 50. .~ Upon Cooling the mixture to '-Ssoa white

: precipitate' appeared St1rr1ng was continued for 20 mmutes
then a solution of n- heptyl 1od1de (9.04 g, 40 mnole) in 15 ml

.of 'IHF was added over a period of 20 minutes. ’I‘he temperature |
_was allowed to increase slowly. At 10 an aliquot was analyzed
"by glc (60%). Less than 5% of startmg materlal was present.

- The mixture was poured into ice-water saturated with NaCl and
fextracted with ether The eg_her extracts were combined and®
’washed with brme and dried over Na SO Analysis by glc
-showed the presence of a volatile mater1a1 w1th the same, retention
time (peak enhancement) as 1- heptene Also 1- decyne was present

in 16% y1eld as. well as another component that showed the same.

characterlsucs as descrlbed above (199, relat1ye areas) .
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Reactlon of *Allene w1th n- Butylhthlum in Hexane:Ether

(1 1) Solvent’ dSystem
To a cool'__e’d (-780) solution of vallene .(c'a -6 ml, 100 nrnole)

‘m 50 m1 of ether was added 48 ml of a l 52 M solution of

n- butylllthlum (73 mmole) in hexane over a period of 30 mmutes

The solutlon ( : slowly allowed to wam (mthout removing the

‘%ath) to -15° (about 30 mnutes) and then stirred }or an add1t10na1

15 ﬁdnutes (a whlte suspensun formed) | | |
This mixture was used for the alkylatlon of n- heptyl 1od1de

usmg dlfferent RL1/R'I ratlos - The results are sunmarlzed 1n

N

Table I1II, and the best result (entry 3) is descrlbed in deta11
. below
‘;
- TABLE mr
The Reactlon of Allene w1th n-Buli 5
Followed by Addition of n~Hepty1 Iodide '
Entry ‘RLi/R'L 1 -Decyne (%,glc) n~Hepty1 TIodide (%,glc)
1 3.1 o 67 | 23
5 3‘7 . | .83‘_': v ,. : "16.
3 s s g
-/ Synthesis of "1-Decyne. I oy TN

To the nuxture prepared above at -15° ', N heptyl 1od1de
(3 39 g, 15 mnole)' an 10 ml of ethe 'was added over a perlod of

J

15 mmutes After seven hours 1rr1ng at room temperature,

o
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the reaction mixture was poured 1nto ice-water and extracted

/

'w1th ethér, The ether layers were combined, washed w1th brine

‘and drled over Na,SO,. Glc ana1y51s (60 } showed the fbnmatlon ;

AN
‘'of 95% of»l-decyne. The solutlonvwas concentrated at atmos-

pheric pressure. Fractional distillation proVided phre
26

l-decync (1.83 g, 88%), bp 104 105 (92 mm) (11t.,_ bp 174 ),.
go 1.4267 (llt26 %O 1. 4265) the nmr and ir were 1dcnt1cal

to an ‘authentic sample.

S o - DU L
General Preparation of the Propargylating Reagent for the . .

Reaction with Allylic and Benzylic Chlorides -

To a cooled (- 78 ) solutlon of allend (c a. 4.5 ml 75 mmole) 5'

;1n 35 ml of ether 34,5 ml of 1 SZM n buty111th1um (52 5 mnole)
. was added over a perlod of 30 mlnutes The mlxturc was slowly
allowed to warm (without remov1ng the bath) to -15° and then

‘stirred for-15 mlnutcs at this tcmperature;

- General WOrk-up Procedure L \\\\gv

»The reaction mixture was poured int& ice-water, Laturatcd:

with750dium'Chloride and eitracted with ether. “The organic
‘extracts were comblned and washcd with saturated ammonlum

chlorlde solutlon brlne and dried over NaZSO4

’



‘ether was added drophlqe to a cooled (15" ) solutxon of. the j” K
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‘Synthesis of 4-Phenyl-1-butyne

\

To the propargylatlng reagent (prepared as described

above), at 15 , a solution of benzyl chlorlde (1.9 g, 15 mnole)

dissolved ‘in 10 ml of ether was added over a perlod 15 minutes.

Then the temperature was slowly 1ncreased to 75 After one'

om«

‘hour the mixture was wbrked up in the n&ual hay« Glc anal)51s

(60 ) 1nd1cated a: 933 )1e1d of 4- phenyl 1-butyne. A small
sample was purified by eva porat1ve d15t111at10n (114 115°
ng? 27 nf0 1.5212) ir (11qu1d f11m) 3300

(C=C-H), 2120 (cz0), 1605 (aromatic), 750, 700 cm” (mono- oo

66 mm) . 1.5229 (1it.

subst1tut1oh); nmr ;8 7.18 (s, SH) C6 5,,2 74 (m, ZH) C6 S ‘2,

2.42 (m, 21) C H2C=C H, 1.82 (m, 1) C=C-4. When the reactlon

was repeated but quenched w1th DZO the 1 deuteroalkyne uas

'obtalned, ir : 2592 ecm” (C =C-D); nmr : complete absence}of

the absorption at & 1.8,

Synthe515 of 5- Phen)J -pentvn 1-01 o ;‘; o _}

I

|

A solutlon ef ben:z \lchlorlde (1.9 g, 15 nmole) in 10 nl of -

:

{

propargylatlng agcnt{(RLl 52.5 mmole) and then the tenperature

was alloued to ‘increas¢ to 25° (wlthout remOV1ng the coollng

=%

x
' bath) After one hour, parﬂformaldehyde (2.0 g, 66 mmole, drled

" over P 05) ‘was added all at once and the mlxture was stlrred

r

,overn1ght. The white suspen51on was worked. up in the u>ual way

ES
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and the solvent was rexnbved at atmospherlc preSSure. N Fractio_nal )

~distillation of the re51due afforded a low boﬁmg f’r,actlm “ o
2, i e

(SO 60°/8 nm) Several components were preséﬁ@’ﬁ and."the:

one was 1solated by preparative glc (1200)

as 2-butyn-T-ol, nZ 1.4665 Qit. 28 12)0“’ i 4670) i »thuid

Film) 3350 (CH), 2300, 2230 (C=C), 1020 sem’! (-H,C-CH); —

6 LlS (broad smglet ZH) C H (H, 3.65 (bmad smglet H) O-m,
1.85 (t, J =2 Hz 3H) C Hy. 'Ihe fractional d1$t111at10n was
contmued At 111 112 °/0.08 mn, 1 92 g (80%) of S-phenyl- 2- o
~ pentyn-1-ol was obtained, n2° 1.5484; ir (liquid filn) 3300 (),
2290, 2230 (C= C) 1608 (C6H5) 1020 (CH L), 750 and 705 !

(C6H5), mr: 8 7.12 (s, SH) CgHg, 4.12 (m, 2) C £,H, 3.14 .

(part1a11y resolvedltriplet) 0-7, | 2.7,2‘ (m, 2H) CGHSC H,y, 2.45
(m, zé'ﬂ C #,CZC; mass spectrum m/e: 160.0869 (Caled.: 160. 0888
- for € H;,0), 159(2), 142(23), 129(12), 116(4) 91(100) 77(3),

65(19), 63(5) 51(9), 39(15), 29(5) Anal C‘alcd. for C11 120:

C, 82.46; H, 7.55. Fowid: G, 82.70; H, 7.41.

' //‘ T _ : _ o s

Synthesis of Ethyl 5-Phenyl-2-pentynoate
A solutlon of benzyl chlorlde (1.9 g, 15 nmole) m 10 m1

,of ether was added to the propargylatmg reagent (RL1 = 52, 5 nmole

prepared as described above) at 15 . over a perlod of 15 mmutes

The mlxture was warmed slowly to man temperature and me hour -

' later was cooled to 78° Ethyl chloroformte (freshﬁ‘dxs 1 led

: 40 g, 0.37. nmole) was added dropw1$e over a 30 minute perlod ’l'he |
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jtempcratpre:was gradually allowcd.te increase to 25° (3 hours).
;Work¥up as previously descriped, and removal of the solvent at
etmospherieﬂpreSSUre'afforded a residue that was distilled under
reduced preseure There was obtained 2.43 g (80ﬁ) of ethyl
-phenyl 2-pentynoate, bp 118- 119° (0.4 mm), n20 1. 5210, ir
(té}n f11m) 2240 (c:0), 1715 (C=0), 755 and 705 (C6H5), nmr:
8 7 17 (s 3H) C6HS, 4.08 (q, J=7 Hz 2H) -0-C HZ’ 2.62 (m 4H)
C HZC HZ’ 1 18 (t, J = 7 Hz, 3H) C H3, mass spectrum mle: 202 1001
(Calad. for‘C’13 14_2; 202.0994), 157(12), 129(37), 91(100), |
66(17), 51(10), 39(9), 20(12). anal Caled. for CyH 140° G 77.20;
H 6.98. Rund: C, 77.50; H, 6.92. ' -

_Xnthe51s of (E)-2,6- dlmeth)l 2,6-undecadien-10-yne o , o
: LHomogeranylacetylene) . ' "T)

';To,a ifi;red'suspensien.of'fhe propargrlating'reagent.-
(52.5 mmole, prepared as descr1bed above), at -15° » Was added a
solution of geranyl chlorlde (2.59 g, 15 mmole), in 10 m of |
ether over a, per1od of 10 mlnutes | . Then the temperature,was

allowed to rlse-slowly to ZS . After one hour thé mixture was

“worked up in the usual way, Ellmlnat1on of the solvent w

s arr1ed '
- out at atmospheric pressure Fract10na1 d15t111at1on_lfforded : o
2. 44 g (bp 101-103° /10 - mm) of homogcran)lacetylene (92%), n20 S
1.4715; ir W): 3320 (zCD), 2120 (C:0), 1670 (C—C), 6
nmr: 6 5.12 (m, 2H)- (C Hy) 5 c=C # and c H 2C-C lg=C H-C H,, 1. 92 -
W, 1) CCH 1.68,
BE

2.3'(m, &) 3(c- «C 1) and C

1.64, 1. 62 (% 5,5, 9H) 3(c—c c _ mfe: 176 1572
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(Catod. for C13H20 176.1565), 176(3), 161(10), 133(11), 105(9),
" 9310), 91(19), 81(11), 79(14), 77(9), 69(13), S5(11), 53(14),
:.41(83),_39(23),129(15).; The nmr and the mass spectrum were ins

«

- agreement with the reported 1iterature29 values.

 Synthesis of (E)-7,11—dimethy1—6,-10-dodecadie’%&yne--1-‘o1‘f R

A solution of geranyl chloride.(2.59rg, 15 imole) in 10 ml.
of ether was added (at -150)kdrepwise-to a suspension‘of the
propargylatlng reagent (52.5 mmole prepared as described above)
over -a period of 15 minutes. The temperature was allowed to -
1ncrease slowly to 25° , and after one hour 2. 0g of parafonn- i
xaldehyde (66 mnole, dr1ed over P OS]%was added all at once. . The
mixture was stlrred overnlght and worked up in the usual way .
Eliminaticn of the solvent at atmospéerlc pressure afforded a
~residue. DiStlllatan prov1ded 2.55 g (83%) of the t1t1e canpound
: (bp 115- 116°/0.5 mn; bulb to bulb, 140%/0 2 . ]2)0 1.4948;
ir (thin f11m) 3360 ((}I), 2300 and 2230 (C'C) 1675 (c= =C), 1020 ° | |
(CHOH), nmr: & 5.1 (m, 2H) CHZCCH3—CHCH{Mand (C H,),C=C-H, -
4.15 (broad singlet, 2H) C H i, 3.18 (m, 1H) 0-#, 1.9 - 2.3 -
(m, 8H) 3(C-C C Hz) and CzC-C. HZ, 1. 68, 1.63, 1.61 (s s,s, 9H)

“ _3(C~C -C HS)’ mass spectrum m/e: 206 1668 (Cach for C14H220
206. 1671 11t30' 206. 1664) 173(5) 105(7) 91(15) 81(16), B

69(100), 67(16), 53(13) 41(75) 39(20). Anal Calcd for Cy O:

. 14! 22
C, 81.50; H, 10.75.,.~med.- _c, 81.51; H, 10.71.

| u
& LY

1
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. Synthesis of 2-Chloro-2-hepten-6-yng:

To a stirred suspens1on of propargylatlng Treagent (52.5 mmole),
_at lS a solut1on of 1,3- d1chloro 2-butene (1:88 g, 151nm01e)
in 10 ml of ether was added dropw1se over a period of 15 manutes
The mixture was allowed to warm to room temperature and.worked up
in the usual way. Analy51s by glc (600) 1nd1cated an 809 y1e1d
of 2- chloro 2- hepten -6-yne. An analytical sample was 1solatedQ
by preparat1ve glc (60%); n 0 1.4635; ir (thin f11m) 3310 (=C- H), £

2130 an’} /C) nmr: 6 5.55 (m, 1) CC &, 2.3 (m, 4H)CHCH

2= 72

2.1 @, J = 1.7 He, ) C—CCH , 1.83 (m, 1H) :C-#; mass.
spectrum m/e:  128.0391 (Cated. for c7H935 . /128 0393), 130(6),
128(18), 113(5), 93(67), 91(46), 89(100), 77(23), 65(9), 63(6),
53(97), 51(15), 43(10), 27(33)} ‘nal Caled. for C./.HgCl--. C, 65.38;
H, 7.05; Cl, 27.56. Fownd: C, 65.43; H, 6. 89; C1, 27.30.

Deuteration Experiments

The exper1ments were carr1ed out ut11121ng the propargylatlng
reagent descrlbed above for the reactlon with benzyl or allyllc '
” chlorldes The mixture, at 20 ’ wasvstlrred for a_certa1n length
of t1me (see Table" I page 17). " The excess allene was removed‘under ‘
vacanem (Slnn for 5 mlnutes) DZO was added ( 3 ml 0. 15 mnole) and |
the gas was collected unt1l the pressure equa11~ed to atmospher1c ;
'_pressurc. The gas was. analyzed by glc (Adlponltr1le 25%

(hromosOrb W,. ZS ft., at 250) and mass spcctrometry (8 ev. ) The o
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}mndllng of the evaporated sample of propargylatmg reagent.

was conducted in a dry box. Nujolwas used for the irk

determmatlon
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e

' Na
SYNIHESIS OF ARYLBORON DI(HLO IIZS'

AND THEIR REACI'IG\IS WITH E’IHYL DIAZOACETA'IE

INTRODUCTIN -

AR s

a Recently a great deal of mterest has been- devc&d ‘to the |
‘appllcatwn of arylboron d1chlor1des in organ1c synthe51s
H. C. Brown and coworkers have demonstrated that phenylboron 2
dlchlorlde may be used to excluswely trahsfer the phenyl |
group upon reactlon w1th 1od0321des and such transformatmns

A

“have led to eff1c1ent stereospec1f1c synthe515 of N- arylazn'ldmes er’
A
N

'R.-‘.} 1 n ,,DJ 1. RBCl (N)2 . R::_’;\-/‘\ "
R'/,, I\R" 2. TR It
N | S |

3 ~

¥
l

' Unhke methods ava1lab1e for preparatlon of alkylboron
d1chlor1fs aryld1chloroboranes can not be obtamed by direct |
hydroboratlon procedurcs For example Brown and Ravmdram:"?
'have reportcd that olefms are reachly h)droborated by dlCthI‘O-
_borane leadmg to the formanon of alkylbomn dlchlondes m

» hlgh yield.
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e ‘ ' g
RCH=C *fz + HBCl,-

124

»~==RC‘H2§ HZBCI2

This manner of formlng a carbon~boron bond by hydroboration
is not app11cab1e to aromatlc substrates (and would imply a benzyne

type of startlng material) ; thus the target of synthe5121ng

\arylboron d1ch10r1des has been approached pr1mar11y in three dif-

$
ferent ways: _
o 1) The reaction bet;::A aromatlc hydrocarbons and boron

‘ trxchlorlde ' - .17
2) Halogenoly51s of an oxygen-boron bond
d3) 'The 1nteract10n of orgznometalllc compounds with boron
o tr1chlor1de v
The reactlon of aromatic hydrocarbons and boron tr1ch10r1de .
was 1n1t1a11y reported by Pace in’ 192933. Phenylboron d1chlor1de
was prepared by 1nteract10n of benzene and boron trtchlorlde

over pallad1um at 500- 600 but the y1e1d§“W"/An9t reproduc1b1e

o

B 500-600° < i
©-H + BCl, —— c1>Bc12 .**f"Hc;m |
. . : v I Pd _ . ’ ) ” N

ReplaCIHE palladlum bY aluminum, Muettértles was able to

+ A1C13' + 1.5 H2

Phenylboron d1chlor1de was obtalned in ylelds of 60 -80%.

' However, when substltuted hydrocarbons were used, (z e., toluene),
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- mixtures of the pos1t1onal 1somers were nroduced | '

Boron1c esters and anhydrldes have also‘been used to prepare
arylboron dichlorides by treatment with boron trlchlorlde35
Although h1gh yields have been reported in some cases, Gerrard
and coworkers36 describe thlS method as not belng simple. Eor
example the reactlon between boron tr1chlor1de and phenylboronlc .

L anhydrlde only produced yields in the order of 30-405%. Apparently

the reactlon is rever51b1e viz.

( <!>-B=0)3 + 3BC13r-—;> 3 ¢BC12 + 3BC10 L
The react1on of bOrODIC esters and anhydrldes with phosphorus'
: pentachlorlde also affords arylboron dlchlorldes 35 However,
thlS method is dlsadvantageous in that phosphorus oxychlor1de -
fbrns an add1t10n complex with phenylboron d1ch10r1de _As a

result, 1t is d1ff1cu1t to seéarate the de51red pure arylboron _
d1h311de

- )
.-(¢-B=0)3 * 3 PCl - —= 3$BC1, + 3 POCI,
¢-B(OR], + ‘2 1>c15 — - ~> $-BCl, + 2 POC14
. ' + 2 RQ

The react1on of other organometalllc compounds W1th BX3 has
been the method most- w1dely ut1112ed for preparlng arylboron

d1ha11des Duphenyl}mercury was first used by Michae1i537’38 t
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prepare phenylboron diehiori'de; nevertheless the yield was low.

<l>2Hg _+/BC1:,> - —> $BCl, + gl

M)re recently, ‘Gerrard: and coworkers have ‘improved and
extended thlS ‘Teaction by usmg arylmercurlc halides. Ylelds ,

varied from 40 to 75s

ArHgCl  + BCl4 — ATBC1, + HgCl,.

Vi

e use of organotin Canpomds for the synthesis.of

' organoboron dihalides was f1rst app11ed in 1959 by Bruickman and

40 Vlnylboron d1ch10r1de was: prepaned accordmg to the

f0110w1ng equatlon
- (C H2=C H)48n T+ 2 BC~13——— —>2 (CAHZ,=C H)ZSnCI2 +
-2 G~H2=C HBCl2

This methodology has been extended for the synthe51s of

| alkyl and arylboron’ d1ch10r1des Dependmg on the ratio of the

tm compound to boron trlchlorlde two three or four grouos can

be replaced e - R o Y
BRI SR S . ’
. . ) [
"R,Sn + 3 BCl —  +3RBCl, + RSnCl.
* =3 | 3
RySn + 4 BCly ~4 RBCL, + 'Sncl,
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In most cases a max1mum of three groups can be’ replaced

dependlng on the solvent used H Gerrard and hlS assoc1ates36

~ were able to replace all four groups of tetraphenyl tin when the

;reactlon was carried out in the absence of a solvent but the
scope of th1s procedure was not . further explored
) .

Py5n. 4 BCly ————= 4BCL, + SnCl,

4 o , ;ﬂd\‘//_} 'f; v ¥

The method of Gerrard36 (absence of solvent) seemed to be a
the most promlslng, because of ‘the good yields and also because
organotln compounds are readlly avallable ea51ly stored nd can
: be handled 1n “the atmosphere w1thout apprec1ab1e OX1dat10n Qr -

hydroly51s - o . SR S “ B ﬂ pgy .

~ ¢

As part of the 1nvest1gat1on undertaken here the possxblllty
: of general1z1ng the mcthod of Gerrard was examlned l“deed the
- procedure proved to be w1dely appl1cab1e maklng th1s method an :-
excellent route ‘for the preparatlon of arylboron d1chlor1des

The react1on of organoboranes w1th substltuted d1azocanpounds
'represents a ver) useful novel procedure to obtaln ketones

A

esters, n1tr11es,(aldehydes_and some of thelr a—deuterro derrv—»p

atives-.42

. R3B.‘+ NZC‘HZ = —R-C 92% ‘ _f? , 'f;ﬁx ié.“ p,. ;.

. 2= TOE, O, CHO, COR'

&
-]

“In general, organoboranes derived from terminal olefins react
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smoothly with d1azo canpounds affordmg very good ylelds of the
| hmnologated products Moreover, the mlgratlon of a secondary alkyl
. _' group: (mvanably present when the organoborane 1s obtained by

- hydroboration of term‘mal-(-oleflns) -, has never been observed.

CH(CH)CHCHy + Bz CHy(C H)s B
Y CHy(CHy) 3GH
‘ RN
N

NZC H—(I)ZEt

. C H3(C Hz) szt
_only product

o 'lhls feature represents a great advantage over other "homolo-

' gatlon" react1ons of organoboranes 1n whlch the: mlgratlon of a o

’ secmdary group is preferred over that of the prlmary. In the. lat— ..
 ter case the product is cmtammated with up to c a. 20- 25% of the

mde51red 1somer (resultmg fran mlgratlon of the seoondary group) ,

43 Lo S S
i. e., . e R o o
“C cn(c. ).oocn My 0
- e Fy)00,C Hy o,
. .1”4 » ﬂ’ o ‘ t
) | '
. » U,,b ' T )
.y {.9 S
ma)zc Hy - : H-(C H,) 8(1) Chy
a-l )
S . ~ CHy |
788 | T o
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. Two 11m1tat10ns »however, are, present in. the react1on of -

dlazo compounds wlth organoborages. When the borane contains

bulky groups, the_react;on is ve sloh'and'low yields are

obtained.
— 9 PR T g6
C Hy(C HZ)Z(I:H B+ N,C HCOOEt - —-
, EIHZ ﬂ" o .“'.f-_
L _ '
) R e HZ)ZTHC\HZ.COOE; :
' C H,

The other 11m1tat10P 1s a conmon one for reactlons '
R,

employlng tr1a1ky1boranes namely that cnly one of the alky

\

groups. is ut111zed effectlvely,f As a, result a max1mum yield

- of only 33% can be ‘achieved (based on olefin}. "ThiS'obviously.

‘becomes an 1mportant consideration when the alkyl groups of

the organoﬁorane are not readll) available. |
Pr1or attempts in our laborator) to c1rcumvent‘th15 probiem

', by ut11121ng boronic esters proved to be unsat1sfactory 'This_

is p0551b1y due to the decreased electroph111c1ty of boron 1n -

.these aet\vat1ves by resdﬁance ccntr1but10ns of the type {

COR L 9,DR'~‘
7 < - —
R-B, -~ | T RK

OR' © OR'
Rt | or"
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As a consequence, the boron is notveleotrophilic enoogh to

initially coordinate with the diazo campound, viz.,‘M

/OR"‘ 9 o ONC HZ

“hor T MeCH2 T — Lo

;o R-B~or*

* Recent develooments by H. C. Brown and his group have

: demonstrated that the use of B- alkyl 9 boracyclo(o 3 I)nonanes -
xovercomes the problem of effectlvely utilizing only one group 5
since 1n these derlvatlves the B- alkyl rather than B- cyclooctyl

bond mlgrates preferentlally.

- ' S Base ‘
B-R  + Cl-C HZCOZEtﬁ—'-—-»R_—‘C- HZCDZEt

" Good yields

‘However, attempts to ut1112e this methodology for the reactlon'

with diazo compounds resulted in the exclus1ve magratlon of the
boron cyclooctyl bond in marked contrast with the afbrementloned

results46

B-R -+ N,C HOO,Et
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!
‘;. More reCeﬁtly, a new class of mixed organoboranCSMhas
been employed namcly, dxalk)lchloroboranes These compounds
react with diazo compounds under very mild COﬂdlthHS ( 78° )
and 1t was obscrvcd that bulky groups are also transferrcd* |

eff1c1cnt1y No chlorlnc mlgratlon was observcd47. '

The high Treactivity of dlalk)lchloroboranes was attrlbuted

to the enhanced electroph111c1tv of boron 1nduccd by thc elcctro—

negatlve chlorlne atom.

| The .reaction between organoboranes wigh diazo compounde 1s
behcved4 to procccd by an initial coordlnatlon step of the |
borane with the dla’o compound, folloued by concerted nlgratlonb

.of the alkyl group hlth dlspladémcnt of nltrogon

[} : T e

RgB + @N,C 11-CO0Ft —— ~R.B- -C 1-CO0Et
, ‘ - . a P ' | ‘ | ) @\'2

P S |
o2 N, C
RZ}?)CH-C(DEt 2 —=RyB-C 11-CO0Et

R - e - R

1>
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‘ Pasto and. Wojtkowsh have shown that an intermediate such

- as A could not be 1solated fran the reactlm between an org;no—
borane and a diazo ester. Instead, the rearranged product, an
enol bormate B, was 1solated and shoun to be the mtermedlate

prior to hydroly51s v _ :
) ey - ‘ - ' ) 3

)

.
VrRpcn-c? -

>
A
i
| 5

S E&p& ’bo’ri‘nates such as’ _I\fare highly sensitive to water and
hydrolyze ragidly to form the correspondiyest/er.

LN ‘ - D _
B = RCH,-cZ

—

. B

The reaction of d1alkylchloroboranes w1th ethyl dla.zoacetate

affords excellent ylelds of hanologated esters. Although products o

resultmg from the net mgrat1on of chlorme wene not observed

thlS dld not elunmate the poss1b111ty of an m1t1al transfer of

3

chlonne followed by dlsplacement upcm add1t1on of a nucleoph1le

oo Y
i.e., .

~ R
| | . |
Rch1 + eN,CH- COOEt - v%cu -COEt

Glll -

e
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R . R-CH-COOEt
. i ' /B\ ‘ |
N,C H-COOEt - o C
4,9#-C1 : ,‘\\g\\ .
: c1-§ H-COOEt
R
- C1-C H-000Et CI™ C.H-C00Et R-C H-C0OEt
s L g :\ B ,
N . Nu R Nu
D

o~

Thus, intemlediatcs C and ‘_Qior the c_orx‘esp‘oﬁding enol
borinates E and F (fésult-ing from réarra'ngement of C and'D48 .
respectwely) could also g1ve rise to the same product upon - ;
hydrolysis. ThlS mechanlst1c subtllety has not yet been resolved.

. _al o OC Hy
C= C\

\OEt | R okt

u

TR

Purther 1nvest1gat10n of the synthetlc utility of "mixed"
borancs have led. to the use of aryl and alkyl d1chloroboranes
Recently 31 these reagcnts have bccn apphed to thc synthe51s of

a21r1d1nes, and have proven successful toward solving thq,b})roblem '



‘by the reactlon of tetraaryl tin compounds w1th boron trichloride

“very mild condltlons and excellent y1e1ds of ethyl arylacetates

_43-‘ 5 v ‘ N

- of effectively ut11121ng only the alkyl or aryl group in a mixed

organoborane - N ¥
9 '
1 : )
: R"'\L_C/“ LRCL(Ny) R / \/
P e~ T N

_ &
Before any of the aforement1oned work with organohaloboranes

‘was publlshed prellmlnary results ut11121ng phenyl boron

d1chlor1de were. already obtalned 1n our laboratorles Phenyl-
boron” d1chlor1de was shown to Teact quant1tat1ve1y w1th ethyl -
d1azoacetate It was then learned that the Pundue group

was developlng a synthe51s of alkyldlchloroboranesﬁh1th a V1ew to

studylng 1ts reactlons with diazo compounds To avoid dupllcat1on

s

- of effort a ‘joint study was undertaken in whlch our group

1nvest1gated the aryl ‘and the Purdue group the a1ky1d1chloroboranes
Arylboron d1chlor1des now readily avallable in h1gh y1e1d

in the absence of a solvent51, were allowed to react with ethyl '/f .

_dlazoacetate It'was found that the reactions proceeded under

were obtalned o o v
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RESULTS AND DISQUSSION o

Arylboron dichlorides are ercellent Teagents to achieveb
selective transfer of the aryl group upon reactlon w1th ethyl
- diazoacetafe. | - i
Initially, several of the methods reported in the 11tera—

ture for the synthe51s of arylboron dlchlorldes were 1nvest1-
| gated ‘ . A | = ‘
The halogenoly51s of the Bzd bond, ut11121ng boronlc
~Vanhydr1des and phosphorus pentachlor1de or boron: trlchlorlde
Tesulted in low ylelds Also when phosphorus-pentachlorlde _
was used, complex mlxtures were obta1ned It was then dec1ded

to explore thc generallty of the method of Gerrard which made

use of tetraphenvltln -and boron tr1chlor1de in the absence of

'e solvents

" The organotln compounds were prepared ut11121ng the conven-'
rt1ona1 method of reactlng the correspondlng aryl Grrgnard
,reagent w1th t1n tetraChlorldeSG. These compounds were e3511y

purified, crystall1ne and stable to air.

e
’ : v
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The arylbowon dicthrides‘wéfe prepared by mixing the tin
compounds with boron tr1chlor1de at 78 and then slowly warming.

At -5° an exothermlc reactlon ‘took place whlch was moderated by

means of a cooling bath. The mlxture was then refluxed and frac—

” tionally distilled under n1trogen to afford the pure arylboron

-3

’\ : p(;'H-' . 20 - S

dichlorides. In this manner several arylboron dlchlorldes were .

synthe51zed51 (see. Table III)

Cl ¢

TAB[E I1I
Reaction of Tetraaryltin Compounds
‘with Boron Trichloride o
Substituent Isolated Yield(%)
pa -/ s

..p-¢) o .rj\78:

»

'f Attention was then focused o&\thereaction of these compoUnds'

with ethyl diazoacetate.

~.

: \\i\ R L ' s

4 BClL——— 4 RBClZ + SnCl,
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In1tlal rcsults obta1ned in our laboratorles have shown

that phenylboron d1chlor1dc reacts smoothly w1th ethyl dlazoacetate

-

in tetrahydrofuran at -20°, 49

I'4

¢-BC1, + N,C H-000Et — _200' . '@c}{z:coorst,

The use of tetrahydrofuran as a' solvent was cruc1al for the
success of thlS procedure ‘In d1ethy1 ether as- solvent the reac-
‘tion was extremely fast and only low yields of product were .‘

. obtamed The reduced react1v1ty in tetrahydrofuran is probably ;
a consequence of the greater c‘oordmatmg power of this solvent

wh1ch competes w1th the dlazo ester..

$-BC1 2

./"

¢

2C H- COOCZHS was

.repcated under the same COﬂdlthl‘lS prevmusly reported49 (two '

When the reactlon betwcen d- BC]2 and \

' equlvalents of ethyl d1azoacctate in tetrahydrofuran at 200)
a 100% (glc) yield of ethyl phcnylacetate wasi obtamed However
the isolation procedure was - comphcated by the fact that ethyl

chloroacetate was also prcsent in the product (ansmg from the

)

I3
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| work- up)

T~

J'r : & ‘-47_
deccmp051t10n of the excess ethyl dla;gﬁéﬂfate dutring the

When ‘the. reactlon was repeated u51ng a modcrate _excess '

(109) of diazo ester, the formation of ethyl phenylacetate was

v quantltatlve and ethyl chloroacetate fbrmat1on was less than 5%

(glc) ‘and completely absent in the isolated product
The reaction was then explored w1th several other ar)lboron
d1ch10r1des and the fesults were very similar to those obtalned

from phenylboron d1chlor1de A summary of the results is shown

‘1n Table 1V.

R—@—_Bmz + N,C-HOOOEt " Rc-HzomEt

~

TABLE IV _ '

Reaction of Substituted Pheny ron Dichlorides
| ‘witﬂ Ethyl Diazoacetate

Substituents  glc yield($)  isolated yield(3)

pCl 00 - o
CpcH, & w0 s

@ w0 . f e

JCH 100 98
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Although the mechanism of thie reaction has not been
investigated in detail, a reasonable ‘pathway can be fornmlated
on the basis of the results obtamed here and those observed
by H. C. Brown and his. group53. ’ -

The possibility of migrating an aryl group to form G
or the chlonn; to give H, ex1sts in the case of phenylbomn .

d1chior1des as 1t does for dlalkyl or d1ary1boron d1ch10r1des

Cl B
Ar Ar,\ i 0
O 1P /B -c-Z
B-C- c” -1 ot
c” ;l OEt H

e
=

- _ | ' |
Subsequent methanolv51s of the mtemedlate H, should result

in the mlgratlon of the aryl ~§roup, formatmn of the enol

bormate and fmally the product However, if. mtermedlate H

is unstable and ‘rearranges to the enol: borinate J

the - p"oduct after h rolysis would be ethylchloroacetate ’ Obvmusly,

l

| »methanoly51s of G or the correspondmg enol borinate, would glve ‘

"rise to the product (allyhc or benzyllc carbon-boron bonds are ‘

cleaved by prot1c ccmpomdssz) :
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H. C. Brown- d coworkers, in a parallel study with alkyl-
‘d1ch10r0boranes, fbund that mxxtures of alkyl esters and ethyl
chloroacetate are formed upon reactlon with ethyl diazoacetate. |
Apparently the sl1ght dlfference between the m1gratory”ab111ty
of alkyl groups and chlorlne together with the fast and ;"
1rrever51b1e rearrangement to the enol bor1nate affbrded the

,.aforementloned mlxtures Thls occurred at temperatures rahglng

‘from —78 to -25 and utilizing a variety of solvents (see -

Table V).
| 8 g LR
S Fl o fast - . €1 /’O_B\Cl
C1-B-C H-00,CoHc — i >C=C
I A 7 H 1 oC.H: ‘
’ R ! - o S ! ' 4 2 S

| _0
/ ] AT 4 C H C
g 20kt
R ’ ) ' \‘ C1
& fast - R 0-E.
‘ N 7
c1BcHoofl‘2n5 — D
\ W oo
(63 ’ : - B 2l
/ c H c/’0
;-'4/ (? ‘ o Z \Oﬁt
/ ’j.);” C A |
‘ 'aha. y o ( . i



TABLEV 3
Reactlon of Alkyldlchloroboranes with
i Ethyl D1azoacetate 1niEthy1 Ether at 62

Alkyldlchloroborane '"Homologated" ester, | Ethylchloro—gf—\' B

yleld, % ' acetate
n- B“tYl L 57&~ o 32 \
CVclopentyl L 71 SRS
SHel e C 26

The data in Table V' together w1th the results obtained w1th '
arylboron d1chlor1destsuggests that the mlgratory apt1tude is in
the ordér of Ar>R>C1 Such an order for aryl vs alkyl has' ‘

_ previously been observed in the rearrangements of u-haloboronates54
In conclusion, the feactlon of ethyl dlazoacetate w1th aryl- |
.borondlchlorldes prov1des a useful method for the synthe51s of | |
‘ethyl arylacetates At the same time it represents a solut1on
ilto the problem of eff1c1ent1y UtlllZlng only the organlc group

K

of a mixed organoborane.
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EXPERTMENTAL , _ . )
General Ccmsi_derat'ions

N

Mass spectra were recorded at 70 ev. on ‘an AET Model MS-9

spectrameter. Spectral data are expressed in the followmg '
manner: m/e: peak mass (relatlve mten51ty)

 Infrared spectra (1r) were necorded usmg an Un1cam Sp 1000 :

' Infrared Spectrophotaneter. Nuclear magnetic resonance (nmr)

spectra were recorded on a Varian A-60 or HR- 100 Spectrometer

‘ Unless othermse stated carbon tetrachlorlde was employed

as the solvent and chemcal slufts are reported in & values.

The followmg abbrematlons are used in the text 'S 'smglet,
d doublet, t = tnplet q.= quartet and m = multlplet ‘Gas |
chrcmatographlc (glc) analyses were preformed usmg an Aerograph
A-90 - P-3 and a Vanan Aerograph Senes 1200 and Series 1400 |

.du‘onntograph versus a refenence solutlon of the authent1c
4 compounds uti 11zmg as a column - 10% FFAP on Glromosorb W.
' All the reactlons were carried out under an atmosphere of oxygen-

- free 24 n1trogen

Synthesis of Tetrakis (p-tolyl) tin

To a solutmn of tin tetrachlonde (14.7 ml 33. 2 g, 0. 125

Amole) in a m1xture of 200 ml of toluene and 300 ml of tetmhydro- B

 furan, a solut1m of the Grignard reagent of p-bromotoluene in
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tetrahydrofman (250 ml 0.5 mole, Z2M solution, fnxn 85.5 g,

0.5 mole of p-bromotoluene) was added at room temperature

e over a per1c_>d of one hour. The mlxture was refluxed for one

, hour . After codiing the mixture to 25°, 10% hydrochlor'lc acid

| was added. The crude hydrolysate was f11tered and the residue
was washed several t1mes with hot toluene. The two layers were |
'separated, and the organlc layer was washed with brine and
‘concentrated to 300 ml. On coohng, the organotm ccmpomd

) h&m\to Crystallize. Mathanol (100 nll) was added and then the
mixture was f11tered affordmg 44.32 g (75%). of tetrakzs (r- tolyl) )
tin, mp 234-235° (1it. S°Smp 2300), mass spectmm mfe: 484 1216-

120 . '
(Calod. for Cplyg'*’Sn: 484.1213). snal Caled. for Cogtlzg™™

C, 69.59; H, 5.84. zefmd c, 6968 H, 5.04.

o

; 'Synthesis of Tetrakif ‘(pé(.‘rnlorophenyl)' tin

A solutlon of the Grlgnard reagent of p—bromochlorobenzene
in ether (500 m1, 0.5 mole, ‘IM solution, from 95.74 g, 0.5
' mole of p-brqnochlorobenzene) was. added to a solutlon of tm
_ | tetrachlqnde (14. 7 ml, 3312 g, 0.125 mole) in toluene (500 ml)
. at room: temperature At the end of the addltmn (c a. 1 hour)
- the et.her was d.1$t111ed and the mixture was refluxed for two
| 'hours. The mixture was codled to room temperature and a SOlUthﬂ
- of 10% hydrochlonc acid was added. The organic. la)er was f11tered
through cehte and concentrated to’ 200 ml. Methanol (100 ml) was /

’added and on’ coolmg the mixture in a Dry Ice aoetone bath



TR 53“-
‘crystalllzatlon occurred The mlxture was filtered and the crystals '
washed with methanol to afford 41.15 g (58%) of tetrakis- :
| (p-chlorophenyl) t1n, mp 198-199° , (11t.‘ S6mp 199°). Mas,s spectrum
m/e:  563.9043 (Caled. for“C24H1635C141208n° 563.9030). Anal

Caled. for C24 16C143n C, 51. 00 H, 2, .86; C1, 25 12, Found: C,

51.15; H, 2.99; C1, 2487

‘Synthesia of Tetrakis (p;biphenxl) tin
A tetrahyd‘l‘ofuran solutlon of the Gr1gnard reagent of

p- bromoblphenyl (500 ml, 0.5 mole, IM solutlon from 116. SS g, |
bl 0.5 mole of p-bromoblphenyl) was added to a solution of tin

| tetrachlorlde (11.5 m1, 26 g, 0.1 mole) in a mlxture of 11gr01ne _
B (100 ml),_and tetrahydrofuran (800 ml). The mixture wa; con- }'
~ centrated to a volume of c a. 500 ml, cooled to room temperature

and poured mto 1ce—hydrobrom1c ac1d The whit: 7 recipitate

" was f11tered then washed thoroughly and- successwely with water,

. methanol chloroform and again with methanol, affordmg 66 .50 g

- (90%) of tetm*,s (p- b1pheny1) tm .mp - 260- 262° (11t 57 mp 260
262%). Mass spectrum m/e : 732.1824 (Caled. for Cygh.1*%sn:
732;1839) AnaZ C’ach for C, 8H36Sn 'C, 78,81; H, 4.96. Foynd;

C, 79.03; H, 4.98.

grhthes is p—_tolyib‘oroa dichloride

A 250 m1 three-necked ﬂask f1tted w1th a n1trogen mlet,

a magnet1c st1rr1ng bar and a KJeldahl connectmg bulb attached
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~ to a Dry- Ice condenser (connected to a mercury bubbler), was ﬂushed
. with n1trogen and then charged with tetmiz/ (p tolyL) tin “,:

.0.06 mole) and. cooled' to -78°. , Boron trichloride (21 4 np 0.26

mole) was added . and the coolmg bath was allowed to wann slowly
At about S an exothernuc Teaction took place The react1on was
controlled by addmg Dry Ice to the coolmg bath. Then the
mixture was reﬂuxed'for five hours and fractj 11y distilled

| under nityogen. The fraction bo111ng at 88 ﬁ,:l m (lit. 39 92_0’/
10 mm) afforded 28.4 g (70%) of p-tolylboron dichloride. |

Synthesis Of)-chlorophenylbomn diohloride _'

Followmg the same procedure described. above tetmk-z,s
- (p- chlorophenyl) tin (33 3 g, 0.06 mole) and boron tnchlonde

‘(21 4 ml, 0. 06 mole) were reﬂuxed for 30 minutes. After

e | distillation under reduced pressure this afforded 38 4 g (85%)
o oi;& chlorophenylboron d1chlor1de bp 104-105 /24 mn (11t 39
bp 70 /0 4 mn) L _ - ' . ' O

Synthesis of p-biphenylboron dichloride

| No'exothemio Teaction was observed when the mixture of tetrakis
(p b1phenyl) tin (32 26 g, 0.044 mole) and boron trlchlonde (6.5 - |
ml, 0. 46 mole) was, wanned to 0° _ After refluxmg for four hours
forowed by d15t111at1on under nltmgen "there was obtamed 32.1g
(78%) of p-b1pheny1boron dichloride, . bp 136-137°/0.6 m. Mass
' spectrum m/e: 234 0117 (Caled. for C12H9 Tg3 Sc1,: 234.0115.

ue



. Anal Caled. for clzéggncl c 61.35; H, 3"

e 574(5,5}0 65,42(q, =7Hz, 2H) OC &
“*{(s,ZH)CHCHz,lz(t J-7Hz,3n)ca

B SN n
< : . i IR ‘«S??S - o~

Found: C, 61.11; H 4.20; c1 &9&76 s

)
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‘General Work~up Procedure for the Beactwns of Arylboron

’ chhlondes and Ethyl D1azoacetate

o

- Once the nitrogen evolution was complete, methanol (5 ml)

" was added dropwise, keeping the temperature below -20°. Then

water (5 ml) was added and the mlxture poured into saturated
\

~ aqueous NaZCO3 solution (75 ml) and extracted with ether 'lhe

ether extracts were combined and dr1ed over NaZSO

Ta

~ Synthesis of Ethyl Phenylacetate

N , . 4

To. a COoled (-25 Dry Ice carbon tetrachlonde bath) solut1on

‘of phenylboron d.1chlor1de Q1. 33 ml, 1.59 g, 10 nmle) in. 10 ml of

tetrahydrofuran, ethyl diazoacetate ’} (1.25 g, 11 mnole) in 10 m1 .
of THF, réas 'a.dded.dropnise' over a.period of 90 minutes. A smooth -
evolution of nitmgen was produced (97%). At this temperature o
methanol (5 ml) was added drOpmse, followed by water (S ml).

mixture was worked up. in the usual way and the solvent removed at |
atmospheric pressure. mstlllatlon at reduced pressure afforded_

1.64 g (98%) of ethyl phenylacetate, bp 85-86°/3 mn (11t.58 bp

| 120- 121 %20 um), ir (t}un f11m) 1730 (C=0), 720 an (C6HS),

2C H3,

vThe'ir and nmr

36

3
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were identical in a1l respects with qe authentic sample.

i

Synthesis of E%hyl p-Chlorophenylacetate -

Ethyl dlazoacetate (1.25 g, 11 mmole) in THF (10 ml) was.
added dropw1sc to a cooled (-25 ) solution of p- chlorophenyl
dichloride (1.89 g, 10 mmole). 1n 10 ml of THF (1.5 hours)
Nitrogen was evolved quantltatlvchy “The mlxture was quenchcd
and uorked up 1in. the .usual way. Ana1y51s by-glc showed the
format10n40f 1005 ylcld of ethyl p- Chlorophenyiacétate Evaporatlon ‘
of the solvent and fract1onal distillation produced 1 80 g (01 )
of a clear liquid, bp 106-107°/3.5 mm, mp 31-32°, (Iit. * mp 329,
ir (11qu1d f11m) 1730 (C= O), 820 am (p -CI1C H4), nmr: 6 7.2
(s 4H) C 6Hqr 4.5 (q, J =7 Hz, 2H) OC PZ’ 3.55 (s 2H) -C6H4C Hy,
1 2 (t, J=7Hz, 3H) C Hs '

J,‘

B ththeﬁis of Ethyl!p-Tolylacetate |
I | \{o |
Ethyl diazoacetate (1 25 g, 11 mmole) in 10 ml of THF was .
_V‘added to a soldition of p-tolylboron dlCthTldC (1 a8 & 11.45 mmole)
.at -25°. - Nitrogen was cvolved in 1009 (1 hours) hork -up of |
thé mlxture in the usual way and ana1y51s by glc showed a quanti-
tatlvc formation of ethvl p- tol)lacetate Removal of the solvcﬁt\\:
. and fr;ctlonal dlstlllatlon affordcd 2.01 g (0§°) of cth)l . :
p- tolylacetatc bp 96- 970/3 2 mm (11t bp 240° ), AT (11qu1d f11m)

- 1730 (C=0), 810 cm” (p -C ll3C(H4 ), nmr: 8 7.05 (s, 411) C.H., 4.12

6"

-
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@y J = 7 Hz, ZH'),OCHZ, 3.4 (s, 2H) cncyz,zzs (s, 3H)

C HCH,, 1.15 (¢, J = 7z, ) C H,C Hy.

3764’

_SXnthosis of Ethyl p-biphénylacet'ate
To a cooled (- ZSO) solution of p-blphenylboron d1chlor1de |
(2 368 g, 10 mmole) in THF (30 ml), ethyl diazoacetate (1.25 g,

11 mmole) in 10 ml of THF was added over a period of 90 ‘minutes. -

' Work-up of the reactlon mlxture and ana1y51s by glc showed the

formatlon of ethyl D phlphenylacetate in 1003 y1e1d Evaporatmn_'

: of the solvent and fractional distillation (bp 135 136 /0 5 mm,

1it. 1bp 167-168 /3 5 mn) produced 2.05 g (91%) of ethyl

p- b1phenylacetate ir (liquid film) 1730 (C=0), 760 and 700 dn-l
(C 5™) 3 nmr: 675(m,9H)C6564,4_.18(q,Jv=7Hz,‘2H)

OC Hy, 3.65(s, 2H) C 5,000, 1.25 (t, J = 7 Hz, 3H) C Hy.
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o "CHAPTER TIII

L

'THE DIRECT ALKYLATION OF ETHERS UTILIZING
ORGANOALUMINUM REAGENTS

INTRODUCTICN

'Ihe ut111zat10n of organoaluminum caupounds in organic(~

vsynthe51s has been steadlly growing durmg the past few year
In many instances prganoalummum canpounds dlsplay chemlstry
similar to that of organoborcm compounds, due to the fact that 7
alunmum and bomn are.in the same group ip the Per1od1c Table {
éFor example elther organoallmmunn 1hydmcjgs or dlalkylboranes .

react with. acetylengs 63: ketones in the same way.

e RAIH ‘ R" V2 B
S v - ,;{,"_j‘?" —- /C_—C\' - Ref. 62~
R -CiC-H : '
R! H ‘ e
-~ Sc—=c{ Ref. 63
AN -
H “BR,
*.! o
;\.C—OAle © Ref. 64

H
~ ! ' o
- C-0OB . Ref. 63
> Rz Ref.
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) Nevertheless .several mar}ed differences ex1st between these
two kinds of organomctalllc co%pounds Triorganoboranes, for
example, are stable ‘towards water whereas triorganoaluminum
compounds undergo immediate ﬁydroly51s One very interesting
and striking difference between the chemlstry of mixed alanes '
andfg%ranes is the ab111ty with which the‘groyps attached to
bofon or aluminum are transferred. In aluminum reagents that
ligand which possesses the-higheétfdegrec of s-charaCfer teﬁds to
migrate':whereés the situation fbr.mixed triorganoboranes is-
completely the opposite. Several examples demonstratlng these

characterlst1C§ are. prcscnted below:

o (2-Bu) AICEN -

-

e - CN  Ref. 65
‘K/(/' AN _ o~ o .

Ref. 66

B GOy —Ee—— ot vt

NS
3
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In the research undertaken here ut111z1ng organoalumlnum

compounds a new reaction was dlscovered and ‘the tendency of

alumlnum to transfer the group ‘with the hlghest degree of

8- character was also- observed.

¥

>
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- RESULTS AND DISCUSSION

Aryl dlazomum compounds are useful synthetlc intermediates.
Substitution react1ons employlng these derlvatlves have  made it
possible’ to synthesize numerous classes of compounds (for example, -
"aryl halldes phenols, aryl ethers arylaz;Ldes aromatic n1tro |

compounds, aryl nitriles, etc) >

Nevertheless attempts to alkylate d1azon1un salts to form
Lcarbon carbon bonds (w1th the exception of the n1tr11e synthe51s
) mentloned above) have been uniformly. unsuccessful For example
. ‘the reactlon between orgmmam51m or zmc reagents w1th ‘ Lo
| d1azon1um salts results in high yields of alkylatmn on n1trogen

' with formation' of azo cornpournd568

a



M | —NR':"
+ RMY) , ﬁ‘

M = Zn, Mg.
The reaction between organoboranes and functlonal dlazo-

compounds repf'esents a rather general method of preparmg esters,.

. _ketones, nitriles and aldehydes42 '

N)CHZ + R;B— ~ RCH,Z, | _

Z = 0DOEt, COR', C HO, QN

Presumably the f1rst ’step in the mechanism of th1s reactlon
mvolves the 1n1t1a1 coordmatlon of the borane with the dlazo-
compound Once thls 'ate" complex is formed, there is trargfer

of an’ alkyl group with' concomitant dlsplacement of nltmgen t.e.,

o

T wee Y
ONCHE B ' - - N.C HZ
%4 R3 o 23

;;l\‘g"," PR v‘>.RCHZ_ |

LS
e,
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-

Boranes do not usualls"transfer ligands unless the boron

atom is tetracovalent; moreover the process takes place intra-

molecularly, i.e., 69

~ Base . @ ,- _ RiB '
BrZC HCOZCZHS , A » ?BrZC—(DZCZHS : " , —
B O HO T g
Br C\mZCZHS — >1}3r-(f-m2C2(H5‘ *
) R Rl

% W
Desplte the fact that -diazonium salts lack a snmlar type of

‘ooorq]{}atlon s1te it was of mterest to explore the poss1b111ty
of an.organoborane achieving d1splacement of nitrogen if the

. )
borane was present as an "'ate" cOmplexm. . a ‘

R

—— + N

'Iropone('was chosen for the formatlon of the organoborane
. camplex, because it is well known. that the oxygen atam of tropone
' possesses hlgh electron density (as a result of the 'tendeh'cy of .

this system to form a w-electron sqxtet?l); ,
. s o - .
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Admixture of a solutlon of tropone and tr1ethy1borane to

a suspen51on of phcnyldlazonlum fluoroborate in tetrahydrofuran

'however did not produce any n1trogen evolutlon On heatlng,

decomp051t10n of the d1azon1um salt took place but no

: alkylatlon product was formed.

In view of the success of certaln @rganoélum;num compounds

rl

'espec1a11y d1a1ky1a1kynylalanes to aehleve alkylatlon (dpen1ng of

66

epox1des72; conJugate add1t10n ofe enones 5 etc ) ”- these "

reagents were next selected to explore the posslb111ty of
alkylation of dl&ZOHJlMlsaltS Prefevent1a1 nugrat1on of the y

alkynyl m01ety was ant1c1pated due to thlS rather general

'tendency of mixed organoalumlnum reagents73

"+ R,A1-CZC-R' — ;

For thls purpoqc dllSObut}l(l hexynyl)alane ‘was preparod

by reactlng d11<0butylalum1num chlorlde with 1- hcxyn)111th1um

Pp—— o

- . "
. b‘é-nl .

4 :0: . -

A

497 F

N

9

S (E-BU)AICL + € G-CEC-Li —— - (i_-Bg)éAlCECr(;ﬁ ’
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The addition of the- alane solutlon to the suspension of |
bphenyldlazonlun fluoroborate in tetrahydrofuran at 0 u
produced a smooga ‘é\?)lﬁtmn of n1trogen Analy51s of the reactlon |
mixture, hmvev;r, dld" not reveal the presence of the expected
a]kylatlon pmduct Instead 2- (l-hexynyl) tetrahydrofuran was’

. produced in 63% yield, demonstratmg that the solvent had part1c-
ipated in the reactlm undet these conditions. Also the presenre '

~of benzene was detected by glc

The'result of this reaction 'presented a very . interesting qase
in which a felatlvely unactlvated carbon hydrogen bond was trans
formed into a carbon carbon bond in-a smgle step Although

- a-ether radlcals are known to. add to unsaturated molecules 74a,b




there are few examples of substltutlon reactmns of the type
C-H -——C C, in wh1ch a carbon-carbon bond is formed d1rect1y
One example is the photochemcal reaction of tetrahydropyran

with cyanogen chlonde S ; nev@rtheless even- 1n this mstance

the, alkylatlon is not selective (Z.e., restrlcted to only the

a-substltutlon product) ' o o : ‘ :
S+ CION —,— L+ (j/
o~ W 0 >y - o~

'I'he novelty of this d1rect alkylat1on of tetrahydrofuran ,
w1th organoalummum reagents in the presence of a dlazomun salt
. prompted a more detalled mvestlgatlon#mto the scope -of ‘this o
reactlon ‘ | - | |
The procedure proved to be fa1r1y general for dlfferent 4
acetylemc mo1et1es 'ljxus phen’}lacetylene and 1 butyne produced
alkylated products in yields of 67 and 55%, respectlvely, us1ng -

'I}IP as substrate

0 . <0 N\
- T e

~\ . 55y - i
S (A
oo | CHs
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In add1t10n to totrahydrofur?n several other ethers were' L ﬁf

also alkylated in varying y1e1ds The reactlon of'p drbxane,m<;; f‘% %L'L_fi
'f ' :‘,;-‘ "S:?' .. " o
because of its low melting point, could not be carrled out at a’’ [ s
_,,% s
ST, e
temperature below 10°, Ut11121ng phenylacetylene a 33’ yleld PR ,;:';}“g;
of alkylated product was obtalned p '_; .' 'h."! R
- - N’ZBF4 3 i %} ‘
?‘ v- * ‘ o l(
ﬁ?‘m | 5 oL .
0,' v“ 'A;
R ~
§ 0

In the case of ethyl ether a smooth evolutlon of nltrogen ~';
was produced at 16° with the concomltant formatlon of 52 of

alkylated product ' _d - - g ' N

N ¢
. : R
' m
/\0/\———_.»/\0/\

Tetrahydropyran reacted at 60 toféffOrd aj28’ yield‘of f
2- phenylethynyltetrahydropyran DllsoprOpyl ether, hogsver,'
) falled to provide any of- the expected alkylated product

: - . . . ™~
T o oo Ty
R o ) . - : (S ‘
\0.
-~ ! .
*f:"\. o
P % '
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vreactlon temperature to 20 less tar was produce-‘
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The reétt1on in2,5- d1methyitetrahydrofuran was slugg1sh

and a great deal of "tarry‘ materlal was formed. Vevertheless

~a 20%- yleld of a mlxture of two alkylated dlaster01somer1c com-

pounds was produced

9

Attempts to optlmlze the ylelds of the react on were carr1ed

B out ut11121ng tetrah)drofuran as the etﬁer and’ ph nylacetylene as
' A

the: alkyne When the reactlon was carrled out at 0 in. the

- presence of two equ1valents of dlazonlum salt only one mole of
"°:;n1trogen was evolved On 1ncre351ng the temperature the second
d_Vnole of- n1trogen was igherated The correspondlng alkylated

"tetrahydrofuran der1vat1ve was formed in 728 y1e1d

o
» f

0bv1ously thls result demonstrated that only one equ1\alent

’,"t, -of d1azon1um salt 15 necessary fbr the reactlon By changlng the

-vertheless
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practlcally no change in y1e1d resulted (70%). N
In all the results descr1bed thm, far, the reactlons
‘were carried out ut111zmg the ether "reagent" as the solvent
Thus 1t ‘was desuable to mvestlgate the pOSS1h111ty of usmg :
the ether in equlmolar amounts and conductmg the reactmn 1n
an "inert" solvent. For th15 purpose dnsobutyl - hexynyl)alane
. was. genemted in pentane The solvent was evaporated by gently
heatmg the mn(ture under a stream of mtrogen 'Ihe re51due was
dlSSOlVEd 1n methylene chlor1de a solvent whlch has been\u‘sed |
successfully in certam react1ons of organoalunmun compcumds76
: " Upon react1on w1th pheny1d1azon1um fluoroborate in the presenoe
, of 2% of tetrahydrofuran ‘nane of the alkylate product was .
' detected by glc. A snnllar result was obtained when hexanekwas |
utlllzed as the solvent o R
“The poss1b111ty of mcreasmg the y1e1ds by mea%s of varying .
the structure of the organoalunmun reagent was exammed next.
| methylghenylethynylalane was ;ynthesued by. reactmg
d1ethylalummum dllonde w1th phenylethynylhthlum. - This alane
proved to be less react1ve towards THF than was the 1sobutyl v
analog rA températum of 0° was reqmred for a smooth evolutlon
of nitrogen (compared to -30 for d11sobuty1phenylethynylalane) |

A slightly lower y1e1d was also obtamed (46%)
-~

« 3

'(Et)_ZAlci 4 @)C;__C-Li — ; ';‘(Et)val(‘fEC‘-ﬁ“

el
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During the course ﬁthis investigation it was observed
that 1rrespcct1ve of the cther used, the only group cbserved to
‘migratc from the mixed alane reagcnt was the acetylenic moiety.
To 1nvest1gate the p0551b111ty of using the acetylenlc group
more cff1c1ent1y,the dialkynylalane was synthesized. Such a
reagent was prepared from interaction of isobutylaluminum’
d1chlor1de with the 11th1um salt of phenylacetylene, 7. e.,

o

<

t-BUAICL) + 2 -C2CLi ~—— 7-BuAl- (CzC-¢ ),

Upon reaction of this ‘agent with phenYldiazoﬁiUm f]uoro~
borate at -30° in tetrahydr:Eﬁran, smooth evolution of nitrogen °
was observed. Nevertheless, the effect‘of this second alkynyl
. group-was almost neg11g1b1e as the yield did not improve (70“).

‘Until now, the react1on has been shown to be extremely de-
_pendent on the ether "'solvent" utlllzed and the effects of |
temperature or the nature of the organoalumlnum reagent did not
appear to produce dr;;atlc changes in the. y1e1ds One parameter "
that has rcmalned constant’ throughout has been the phenyldlazonlum
salt, ’." i ‘ " '_. SN

It is well known that there‘are marked differences in the
rates of decomposition of subst1tuted diazonium salts' Espec1ally
1nterest1ng is the enhanced react1V1ty of substituted d1azon1um

. salts with meta electron relea51ng substltuents For example

the rate coeff1c1ents for ‘the decomp051tlon (towards solvoly51s)

]
13
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Q _
of m-methoxyphenyl diazonium and p-methoxy_salts have beer
estimated'as 3400 and 0.11 (sec-1 X 107) respective1y77. : 56,-'v

there is a marked difference,in the relative ease with which
“various substituted diazonium salts accept an electron
(reduction potential), ‘Recently, the half—wave'potentials
e e .

of several diazonium salts7 has been determlned and some of

these values are shown in Table VI

TABLE VI - v ©
The Half-Wave Potentials of Various

, Aryldiazonium Salts

_Substifuents | EL bs;sce.
m-C1 | - +0.41 s
H . spe
.- mc Hy +0.285
- | p-0C H:,’A +0.140
Pp-N(C Hy), - -0.095. |

The posgiﬁility that the use of a_diffefent’diaionium salt
| could improvevthe yield of thesreaction wasfnext ekamined‘
Several dlfferent salts were synthe51zed and their eff1c1ency
in this process ‘was 1nvest1gated ut11121ng 1sobuty1d1pheny1-
ethynylalane and tetrahydrofuran as a model system

N k
) v N v

ol Ny b

LA
o

%
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Treatment of the meta- chloro salt w1th the alane in THF
afforded a 27% yield of alkylated product The meta-tolyl
salt gave comparable y1e1ds as the unsubstltuted salt (73%).

- Use of para- methoxybenzenedlazomun fluoroborate produced

. a very clean reaction, resultmg in an 82% yield of the

propargyl ether. Also less tar formatlon was encountered in

the reaction as ~compared to the oﬂber diazonium salts A

: vtrlalkynylalane was also allowed to react gth the p methory

salt in THF; an 85% yield of alkylated product was formed. The

. trialkynylal'ane was prepared by interaction of thrée equivalents

.~ of the 11th1um salt of phenylacetylene and one equn'alent of _

aluminum chlorlde in tetrahydrofuran.

J

3-CC-li ¢+ MCly — & AL(CC-9) 4

o -15°
AI(CE_C-‘p)S "" : — ! 5
| O N7

L\
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It also seemed clear from the latter experlment that the

hydrogen (hydrlde or hydrogen atom) utilized to reduce the diaz-

mmmwh(RN@ mﬂ,mpmn®thMsMWMTmMr
than the alane reagent. In the cases where the alane used had
an 1sobuty1 group, the poss1b111ty existed that the hydrogen :
atom cou'd have or1g1nated from the - isobutyl 'group. It is

Z(\well known that alanes contaln1ng a B-hydrogen atom serve as
reducing agents. For example ketones can be reduced WIth

triisobutylaluminum64,

o

) ‘ o
3’3 .. l/// i;:fj{ N
Once it was found that the para—methoxy salt afforded the
best results, th1s*salt was allowed to react with the d11sobuty1-
v»phenylethynylalane tudied initially. Although a smooth evolutlon_‘.
of n1trogen was not ohta;ned unt11 the mlxture was warmed to
—10 (compared to -30° for the unsubst1tuted salt) the alkylated
product was . obta1ned in 829 yield.
| Observ1ng the reductlon potentlals of the dlfferent diazonium
r-salts summarlzed in Table VI, it would appear that the y1e1ds of
f alkylat1on product increase slightly as the potentlal becomes more
negative. Th1s suggested the poss1b111ty that a further increase.
B in yields mlght:be ach1eyed bysut}1131ngga salt_with a potential
o

§



- ture no nitrogen evolut1on was, observed.. The mixture was

ether was fbrmed

_74_ . .. ‘ &

lower than that of the para methoxy salt

‘Toward this end, p—N N- d1methy1am1n0phenyld1azon1um

fluoroborate was synthe51zed and allowed to react w1th

‘d11sobuty1phenylethynylalane in ethyl ether. At room tenpera-'

brought to reflux (36°), and at this temperature nitrogen was

liberated; d1sapp01nt1ng1y

cnonly 11% of the'propargyl

In light of these res{' » ' yoiyphehyldiazonium fluoro— N
- ,Q © B

borate proved.to be the salt" ch01ce (z. e., gave the best

y1e1ds and the cleanest Yeaction mlxture) This salt was then

used in alkylatlng the ethers which were tried prev1ously utiliz-

"1ng the unsubstltuted salt and 1t was observed that better

a

- yields were obtalned in a11 cases when the p- methoxy salt was

: o
employed o 6%?» '

" Ethyl ether reacted at 15° w1th dllsobutylphenylethynylalane

. and gave r1se to a 64% yield of alkylated product (vs 52% using

the unsubstltuted salt). ‘p- Dloxane afforded a 43° y1e1d (compared
w1th 33% ‘obtained w1th the phenyldlazonlum salt). The y1e1ds
of alkylation product obtalned from tetrah}dropyran and 2,5- dlmethvl-

‘ tetrahydrofuran respect1ve1y, each 1ncreased by c a. 15%

'_ As prev1ously mentloned the high select1v1ty of these i

“reactions allows. the exclusive mlgratlon of the alkyne portion of

a mixed alane After having observed thls hlgh select1v1t) w1th

acetylenic groups, it became 1nterest1ng to investigate the

. possibility of achieving the preferential mlgration of a vinylic

¢
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. group. The ready acce551b111ty of d1alky1 trans V1ny11c alanes62

. ‘made 1t p0551b1e not only to test, the select1v1ty of this

reactlon but also the fea51b111ty of conserv1ng the- geometry of

prs

v %

trans Dllsobutyl 1- hexenylalane was prepared by hydroalumln

,-atlon of 1- hexyne utilizing 11gro1ne as a solvent79 :The

' 501vent was ellhlnated in. vacuo and” the re51due was dlssolved in -

\tetrahydrofuran

 GrBu) Al 3

s

}@; c H ————— (z—Bu)zAl\

C—C

c.H

" -»H C4Hg

o “.'\.A L ) N ., . - .- .
- This THF solution of the mixed vinylalane-was'allowed to
¢

o react w1th P methoxyphenyldlazonlum fluoroborate A smooth

evolution of nltrogen was produced w1th concomltant formatlon
of the expected a11y11c ether 1n 38% yield (anlsole was also
detetted (639)) The product showed strong 1nfrared ahsorptlon
-k’at 965 an. 1, 1nd1cat1ng that the trans stereochemlstry was

$ <

“;ﬁfw. preserved durlng the mlgratlon “No ev1dence of any other transfer .

products (z e. 1sobuty1 group mlgratlon) ‘could be detected by

. OcH
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In previous studies, there was always a group attached to

‘aluminum w1th a hlgher degree of s- -character than tbﬁ 1sobutyl

o group. ‘This eliminated the p0551b111ty of the 1sobuty1 group

mlgratmg. "~ In order to determine whether an sp -hybrldlzed

. bond cou\}d mlgrate trusobutylalunmum was allowed to react W1th
o ,the p methoxv salt in tetrahydrofumr@x Anisole was fonned in

E 48 y1e1d however no alkylation product arlsmg from migration

of an 1sobuty1 group cduld be detected

+ z ‘BU) 3A1 _‘——>

l;apargyl ethers aré usually prepared 80 by treatment of

® 'j‘

. the correspondmg a- chloroether mth an approprlate 11th1um S
. . ‘_‘acetyhde The product can: usually be read11y 1solated but

: "‘o/ccasmnally allemc materlal 19 alc,o preSent due to prototroplc '

- \ . e T B s
: rearrangement
’ ) v . - ) s . : ' /OR
R-0-C HCIR'. *+ R"C:C-Li ——- - R'"CzC-C=H
_ SR ' ‘ \R' :
. z’ :. . - ‘. v -‘ .
“ + RUCH=C=C]

R'

1

P



- 77 -
*nﬂhe.direct alkylation of ethers observed in the present"
- study. prov1des another alternative for the synthes1s of propargyl
ethers. ' In certaln cases, the yields are h1gh and the ready
ava1lab1l1ty of the ethers makes th1s method an attractive direct
procedure for obta1n1ng thesé compounds - Moreover, no'allene »
formatlon could be detected (nmr or ir) in any of these react1ons.
Obviously thlS method has some 11m1tat1ons in as much as the
ether must be used as a solvent rather\than in st01ch10metr;c
‘amounts" | | '
| The mechan1sm of these react1ons is as yet uncertaln
Recently, habalka and Daley have reported that the 1 4 add1t1on s

- of tri-n- propylalumlnum to 2 cyclohexenone is’ catalyzed b)

molecular oxygen er UV 11ght This was taken as_gvidence that =

the react1on proceeds by a free radlcal chaig process, sin

wasoalso 1nh1b1ted by galv1noxy1 -an efflc'v t free-radical '

\

.scavenger.
‘ T . C I
. "' Y . A i
ﬁ-'. . U i R ‘:g
: 3 ot ;
s . o ‘02 or hv
n-CH ), A1 . +- - v —>
(r-CHI M —
I
N 9
\
. \
[4
3
s
D
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These observations suggested the p0551b111ty that some radlcéd
N type process might be assde{ated with the direct alkylation of
B ethers. To explore this p0551b111t3,the reactlon between diiso-
butylphenylethynylalane and phenyldlazonlum f}uoroborate was.

»conducted in the presence of Ssmole % ga1V1noxy1 Nevertheless

no inhibition was observed and the yleld obtalned of alk}lated

.same as in the absence of galv1noxy1

proceed by a free radlcal cha1n process; however .the’ mechanlsm

s to 1nd1cate that the reactlon does not

remalns for future work to dete ne,

~

"4 &
It has been_genenally observed that f1ve membered Ting

h ethers -afford better y1e1ds and react under milder cond1t1ons than

ttla.ted

J‘th% 51x membered rlng ethers For 1nstance the rad1ca1 1:
reaction’ between tetrah\drofuran and malelc anhydrlde is'a h1gh

F yleld process honever tetrahydropvran fhlls to rcact analogouslv74b

. \\ >
\
-~
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Smllar results have b%n observed for the reactlon of

carbenes 82 w1th tetrahydrofulzan and- tetrahydropyran clgspectlvely, .

-

v .
3
v

’ . -. .,o | e

0 2 o N0) CClZ'
Qe
N i ¥

| 'I'hese studles parallel the results obtamed in the present
mvestlgatlon, in which hlgh y1e1ds of alkylated product were

'produced wlth tetrahydrofuran (60 801.) however the reactlons

mth tetrahydmpyran vere 1ess efflc.lent (20 35%). ‘_ ‘i§'~ SR

. o In- cmclusmn, \the reactlr.m of. ethersnmth mlxed 8a1ky1— -

alkynylalanes in the presence ‘of aryld.lazomum salts’ prov1des L

.. # ""'.

a new d1rect process to alkylate ethers Although the mcthod
has several hmtatmns the avallab111ty and low cost of the
ethers makes th1s method an attract1ve procedureJﬁ prepare in

)

. a smgle step, propargyl ethers




‘e
v

. - s0-

B :&.LSynth_eSis of Ai_lenes

"1"( . . i . . L \ . . ]r‘"
‘Dﬁring %he ‘course ' of this investigation ~a brief study was
e ‘}’f ) & "
also. undertal\en on the synthe51s of aIIenes 'Ih1s was prompted

by the fmdmg that ‘#Ehe mlgra%lon of

w1th retentmn of conf 1gurat10n 1 -w111 be recalled
that dllsobutyl trans-l hexenylalane upon reaction with
' . p- methoxyphenyldlazommn fluoroborate w1th tetrahydrofuran

L.

' afforded tmns -2(1 hexenyl)t@ﬁ:{ahydrofumn in 38 yield.

In order to mdependently protf the stereochemlstry of t}us

compound it Was de51rable to prepaYe the correspondmg czs 1somer

k and compare the ptopert1e< (glc nmr and 1r‘) of the' two materlals.

~

It is well }mown that acetvlenes are. readlly converted mto |
. Y ,
ets olefms uporr trg,'atment with dnsobut) lalummum hydride follo«ed

by a h)drol_yt1c work- up62.

s

1 : . . : N }!@ . R «/R
R-C:C-R * (- Bu)ZAIH————> g c—c’ . —‘——¢ c—
L . | H//‘\Alﬁ Bu)2 LR
- . : . ’ _' . .

S %
' 'I‘hus, the obvmus mmedmte precursor to cts-2(1- hetenyl) tetra-

o

hydrofumn 2 1s 2+(1- hexyéwyl)tetrah)drofuran 1, readlly avallable - .

[E——

» .
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by the direct alkylation of THF.

S\ — (I
0" N o 0"

o Y 2.

B However, treatment of propargy11c ether 1 w1th d11sobutyl— f
- aluminum hydrlde ut11121ng llgr01n as the solvent fbllowed by
a hydrolytlc workaup, falled to produce any 2. Instead a
compound posse551ng strong ir absorptlon at 3300 and 1950 an -1

was obtalned Subsequently, this compound was shown to be the

' allen1c alcohol 3, formed in 92% y1e1d (glc) S ' -
C e Bu)zAlH J_\
A N -
~ ‘ L 9
L 3 |
W ThlS observatron that a prdpargyllc ether upon%geact1on w1th;"""

v

. dllsobutylalumlnum hydr1de8? gave rise to an allene gprompted a

br1ef study of the scope of the process S _
| For th1s purpose the behav1our of‘a 1- alkoxy -2- alkyne was-f‘ :

chosen as a model for 1nvest1gat1on The latter compounds are
easily pr%gpred from- tenm1na1 alkynes e1ther by treat1ng the ;
approprlate alkal1 acetyllde w1th a chloromethyl alkyl ether ar
‘with formaldehyde followed by an alky] hallde (Wllllamson

' synthesls)
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-~  RC:C-C HZOR'

e "R'0C H,Cl, or-
RCso - 2
| L CHp
2. R'X
. M=Na, Li:

":3Shou]d the reactlon with dllsobutylalumlnum hydride prove

successful a’ s1mp1e synthe51s of terminal allenes uould thus

be ava1lab1e88

o

from simple precursors.

£-Bu Al =

‘R—CEC-C'HZORf

The propargyllc ether chosen was 1:methoxy 2- octyne read;ly ;
synthesized by treatment of the 11th1um salt of 1- heptyne with

Fchloromethyl methyl ether

C Hy(C Hp) jCaC-Li

A 11gro1ne solutlon of l-methoxy 2 octyne was treated at ca..
- 30- 35 w1th one equlvalent of DIAH After S. 5 hours .a 57% yleld o

' of 1;2- octad1ene and S% of 1 octene was detected by glc analy51s

".‘

(c a. 20o startlng mater1a1 also rﬂmalned)

C Hy(C Hy) ,CC-C H,

oC H—3‘ +

* RC H=C=C H

2

»

(<-Bu) 2/\'1}1 i

2-

o

+ UCHOC Hy—>cC H3(C Hy) 4CaC:C H,0C Hy

1



. a precedented reaction

- 83 -
Several paraxrleters"ﬁncluding time, tenperatule solvent

»--and leavmg group) were altered in ‘an attempt to. increase the

]

. &
y1elds of allene : &fw

.,

Slmllar results were obtamed at %’ightly higher temperaturcs
v (c a. 500) 1n 11gr01n solvent and also in reflux;mg methylene
chlorlde as solvent. The y1e1d of allene could be mcreased

: (c a. 65- 70“) by using methylene chloride (at re; ) and an

extended reaction time (12 hours)- Even under' gonditions, \
however startmg material (c a. 15% ) st111 rema g ?(’aIn .an
attempt to drive the reaction to complenon two "’eqmvalents of
DIAH, in pentane were used. Under these condltlons however

- no allege was detected rather only low retent1on time products

were, detected by glc "I‘hls outcome 1s probably the result of

-

subsequent reaction of the ‘initially produced allene with DIAH
89

t ' :
It was also shown that another propargyl ether namely,

. - 1-methoxy-2- undecyne upon treatment Wltél one equlvalent of DIAH
“in refluxmg pentane, afforde 38% yleld ‘of 1 y2- undecachene
C o In another TUn utlllzlng 1.5 eqmvalents of DIAH ‘at room tem-
‘-perature (after 24 hou&'s), 1 Z—undecadlenc was present in 69%
'(1 undecene and startmg matenal were detected also by glc m

7 and 10% respectlvely).

- DIAH

3 e C Hy(C H,),C HeC=C

| . . . ‘ .
€ Hy(C Hy),C-C:C Hy0C H 3 ,

+ € Hg(C H,),C HyC.H=C H,

L



-84 - 0w &

L
i > g

Repeating the reaction in ethyl ether‘proved to be slow.. "
Obviously, the use of ethyl ethar, due to complexatlon W1th
DIAH retarded the reaction.  After 18 hours, less than 40%
of allene ‘was produced . | )

Next the poss1b111ty of 1ncrea51ng the yields was focused
on the nature of the leaving group. For this purpose a propar—»
gylic chlorlde 1-ch10r072~octyne was synthesizéd>f0110wing
the procedure of‘Zweifelgo. 1-Heptyne was: hydrofonnylated by
treatiment of 1 heptynylllthlum with paraformaldehyde91 Sub}_v'
sequent tranformatlon of the propargyl alcohol to the chloride
was accompllshed by the use of th1ony1 chlorlde in the presence

<

.., of tri-n- butylamlne (79% overall y1e1d)

-c‘53(c H2)4C£C-H + n-Buli— C'HS(C;H2)4C$C-Li‘
CHO) . - socl,
- C Hy(C H,) ,C=€-C H

Zm ;” . ( . >
CE (n-Bu)3N'

\‘4/_ g

a :

- c.u3(c HZ)ACECjC.HZ

The reactlon of 1 chloro-2- octyne w1th DIAH in methylene

chloride, however proved to be complex Numerous products were

dctected b) glc analy51< and»onlyASZW of 1,2-octadiene was. formed.

S | DIAH | :
€ Hy(C H,) ,C2C-C H,C1 —— CHy(C Hy),C HeC=C H

2
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Although the tetrahydropyranyloxy moiety (THP) is not
generallifconsidered to be a good leaving groupgz, it was
thought that the presence of the two oxygen atoms in the THP
group might facilitate the coordination with DIAH However,
when the THP—deri;afive of Zafctyn 1-01 was reacted with DIAH,
only 36% (glc) of the desired allene could be detected

. DI 5 B
OTHP . ~ C Hy(C Hy) ,C H=C=C H

2

C Hy(C H,) ,C5C-C B )

Al

Finally, the mesylate of 2- octyn 1-01 (from reaction of the

‘carbi ol w1th C HSSOZCI/Et N) was 1nvest1gated

C HSSOZCI : .o . ‘
OH = —C H3(C H2)4C=C-C HZOSOZC H3
o t3N -

C Hy(C H,) 4CC-C H,

Upon treatment of this derivative w1th DIAH, at -20° the :
. ‘reaction tqok an entirely differgnt course and a quantitative yileld ‘;”?
(glc) of 2- octyne was produced

v ve A - DIMH i%
C H (C HZ) C= C CH OSO c H3-——-———*—C H (C ) C C C‘H3

Although the precise mechanxsm of this reaction is unknown,
; ‘there are two conceivable pathways by which the- products can arise.

i, One attractive p0551b111ty is 1n1t1a1 Al-O coordination, followed

; %Hby 1ntramolecu1ar delivery of hydrlde via a six- membered tran51t10n '
i state (a fbrmal SNZ' mechanlsno The reactlon is presumably
'fac111tated for a cyclic propargylic ether due to the release of

NI

ring strain
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~A 51m113r reaction has been observed recently (once‘this
research was . completed) by Velson and thler ) utilizing

’Crlgnard reagents

o

>

Another alternatlve for the mechanlsm may 1nvolve the
1n1t1a1 hydroalumlnatlon of the alkyne followed by an ellmlnatlon'

™
reaction. The or18gtat10n of addition of alumlnum is to be

expected in thc sense 1nd1cated below (z. e., next- to the oxygen

atom) sxnce thlS should be a<51sted by coordlnatlon

* B A ——
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i Prlno and Loren2193
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There 1s a precedent in the 11terature fbr addition -

e11m1nat10n Teactions ut11121ng either DIAH or aluminum hydrlde

reported the fbrmatlon of cyclohexene upon

.. treatmerit of 1- methoxy 1- cyclohexene with DIAH

4 o

[4 . -‘ AR -

¢ 0 g!hs |

- )T G
) ; N

[

Slmllarly, enamines, react w1th aluminum hydrlde9 to afford

adduet » 4, which e1ther upon hydrolytlc treatment form the

amine

5 or upon reflux undergo e11m1nat10n to produce cyclo- -
hexene 6. - } - .
.N/ e \N/ |
AIH; AL-H,
3
\/
4 .

The treatment of linear prop;;\\I\ethers w1th DIAH affords .

the correspondlng 1- olefln in addition to the de51red allene The/v "

’ presence of this by product can be explalned by the fact that -

allenes themselves undergo hydroalumlnatlon _qu to sterrc factors
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the alumlnum is attached to the termmal carbon; however, the

allylic alane formed undergoes allyhc rearrangement to the

t.l;srmodynamcally more stable internal alane39, "H)idrolySis of
" this intermediate gives rise to the 1-olefin. d

RC H=C=C ”z ¥ DIAH———+ RC H=C H-C HZM —_—
o . \ . P
R_-('Z H-C u=¢ H, - » = R-C H,C H=C H, .«

] prdpargyhc ether 1s utlllzed Howe\'er the fonnatlon
53 .gemunal allenes is’ 11m1ted by the nece551t) of flndmg

optlmum condltlons for each spec1f1c substrate Moreover’ the - ™.

, fonnatlon of the correspondmg 1-olefin makes the 1solat10n :

/

procedure laborlous S : . T
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EXPERIMENTAL ’
General Considerations. = - o ™,

: . ‘ i ‘
Infrared (ir) spectra were rgcorded usmg a Unlcam SP- 1000

L4 h >~

_' Infrarcd Spectrophotometer SR e

Nuclear magnetlc resonance (nmx’) spectra were recorded on a-
yarlan ‘A-60 or }I}; 100 spectrometer Unless othemlse stated =
carbon.tetraChloride (CEI 4) s employed as the solvent w1th

tetramethylsilane: (TLS) as the 1nterna1 standard and chem1ca1 S

' s}ufts are repor;ted in 8 values - The follcwlng abbrev1at10ns-\./

~ are used in the tex-t‘ s = smglet d= doublet tF trlplet

qﬁartet and M = multiplet. C nmr spectra were detemmed
using a BRUKER IFX-90 Spectrometer | -

~Mass spectra were recorded at 70 ev. on an l\EI Model MS- 2

' " or Model MS- 9 Spectrometer Spectra are recorded in the follomng

manner: m/e : peak mass (relatwc 1nten51t))
~ Gas' chromatographlc (glc) analyses were perfonned usmg an -
Aerograph A- 90 - P- 3 and a Varian. Aerograph Serles 1"00 versus a

reference solution of the authentlc compounds w1th he follow;mg,-

- colums: cozlumn A, 209 NP(BE on Chromosorb W; column B, 15% FFAP

on C'hromosorb W column C, 15”\Carbowax ZOM on Chromosorb W;

colum D, 20" SE- 30 on Chromosorb W; column E, 10% NPGSE-onl" .
Fluoropak colum F 100 DI‘ GS on Chromosorb W. Refractlve indices

were measurcd on a Bausch and Lomb AbbeLZL Refractometer
. P
; :

e
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established prooe<h1re583. 'Ihese salts were crystalhzed from
~ acetone- chloroform84 and -kept ‘in the refrlgerator without
.- apparent decamposition, for mdefinite pe_riod of time.> = *
All ,teactions were carried.‘ out'.using oxygen- free nitrogenz4 .

3\

General ‘Procedure for the Preparatlon of Dllsobutylallgfnylalanes

> ¢

mTetmhydrofuran . : ‘ o .;‘

| To a cooled™(- 20° ) solution of the-1- alkyne (25 mmole) 1n

‘ tetrahydrofuran (50 ml), n-butyllithium (15 6 ml, 25 mmole 1 6M’)
was added dropwise over a period of twenty mmutes 'I'he solutlon
was st1rred for 30 minutes at 0° and then dusobutylalumlnum !
chloride (4.88 ml, 25 mmole) was added (10 mmutes) ~ The mixture‘ '
'was made up to 100 ml (0 ZSM solutlon) w1th dry THF and stu'red

overni ght

-

A
-

x9<"<

General Work -up Procedure for the Reac,{mns Utlllzmg
\

/
;

’ O_rginnﬂ wnj num Compomds

/
/
/
/

v

e
.

ihe reaction mixture was poured mto ice- 6M h rochlorlc
'ac1d and extracted with ether or pentane The cf med orgamc-
‘extracts were washed successwely with saturated sodlum blca'rbonate ‘

and f1na11y agam with saturated sodlun chlonkle

ff»
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‘ Rcactlon of Dllsobutyl 1- herynylalanc w1th wan 1d1azon1um

Fluoroborate in Tctrahydrofuran

-

c(“
To a cooled (0 ) suspcnslon,of phenyldlﬁzonIUm fluoroborate
(3.836 g,° 20 mmole) in 40 ml of tetrahydrofutgn, Was added drop- 0

w1se a solutlon of d11sobuty1 1- hexyn)lalane (80 mi, 20 mmole,

0. ZSM prepared as described above) in tetrahyarofurﬂn over.a
' & .

‘ thlrty mlnute perlod . A smooth. evolutlon of hltTOgen was -

produced (91%). When no more nltrogen was gkyen off the dark
mlxture was worked up. in accordance W1th the' peneral procedure

Analysis by glc (column A, 150 ) showed the fonmation of'639

sof 2- (1 hexynyl)tetrahydrofuran Removal of lhe 501vent at atmos-

pherlc pressure and fractional dlstlllatlon whdet u;g,;ed“pressure

afforded T‘67 g (SS°) of 2= (l-h%xynyl)tetrathFothan, bp 72- 73 /

3 mn.,/ An analytlcal sample was obtained by byp to bulb
distillation *(130° / 23 mm), n2l 1. 4639; ir (Jgil film): 2230

- (€C=0) and 1050 cn’! (C-0-C); nmr: 5445 (m, ILH) C=c-C mo-, 3.75

ol
(m, ZH) -C HZO 1.65-2.22 (m, 6H) C & cr‘ﬁ cﬁo and Cs3C- C}{Z,
11516S(m 411)CHCHZCH3,09(1n SH)CHs,maSspectr‘um |
m/e:. 152.1180, M'-1, m/e: 15. 1123 (Caled. Bor € he0: 152. 1201; /

~.

10715
67(52), 53(52) 41(100) 39(90). AnaZ Caled. for ClO 16 ‘C,’

Caled. for C, H.Z0: 151. 1123), 15}{\62) 110(87), 95(70);\3 81(70),

78. 90; ', 10.59. Fozmd‘ C, 78.64; I, 10.81.

.
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/ ‘Reaction’ between Dllsobutyl 1- butynylalane and Phenyldlazonlum;>
1 l \ ’

: Fluoroborate in Tetrahydrofuran
To a cooled (O ) suspens1on of phenyldlazon1um fluoroborate

- (3.836 g, 20 mmole) in 40 ml of tetrahydrofuran a solution of

d1lsobutvl 1- butynylalane (80 ml, 20 mmole 0.25M, prepared as des-

cr1bed above) in tetrahydrofuran was added at a rate sufficient to

produce a smooth evolutlon of nltrOgen‘(96°)‘ Then the mlxture
.was ‘allowed to warm to room temperature and worked up 1nﬂthe
usual way. Glc analy51s (column A, 140 ) revealed a SS° yleld of
2 (1- butynyl)tetrahydrofuran The solvent was removed<§
‘ atmo;pherlc pressure and a pdrt1on of the forerun was pur1f1ed :
by buib dlst1llat10n (100 /23 mm), 20 1 46@0, ir (11qu1d film):
1'2235 (C C) 1045 cm ; ' (C-0-0); nmr:' § 4.45 (m 1H) Cc=C-C H-O
. 3,75;(m,.2H) C'Hz 2
1. 15 (t‘ J=7 Hz 3”) C H3, mass spectrum mfe: 124 .0892 (Cach

Cc HZO 1 65-2.5_(m, 6H) C H2C HZ and C C- C H

for Cght),0: 124.0888), 124(10), 123(24), 109(18), 96(100), 95(a4)
| 82(99), 81(73); 79(50), 77(307, 67(42)()66(23) 55(40), 54(30),

53(44), 51(19), 42(60), 41(54), 39(S8). Anal Caled. for C8H

C, 77.38; H, 9.74. Fowid: C, 77.37; H, 9.56. -

Ay

Reaction of Diisobutylphenylethynylalaneuand PhenYldiazonium

."Fluoroborate'in Tetrahydrofuran

3

A solutlon of d11sobutylphenylcthynylalane (80 ml 20 mmole

0. ZSM preparcd accordlng w1th the gcneral proccdure) was addcd
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dropwise to a cooled (0°) suspen51on of phenyld1azon1um fluoro— :
. borate (3 836@ 20 nmole) 1n 40 ml of tetrahydrofuran A 91%
; yleld of n1trogen was g1ven off After the solut1on ‘was allowed.
| to warm to room temperature the mlxture was worked up in the
ushal way.- Analy51s by glc (column D, 2450) showed the formatlon
lfi.of 2 phenylethynyltetrahydrofuran in 67° yield. Removal of the
i 1;solvent at reduced pressure and fractlonal d1st111at10n afforded
':l 7, g (49 ) of 2-phenylethynvltetrahydrofuran bp llO /l 5 mm, - 3

- §°/1i5690 ir (llqu1d f11m) | 2230 (c: CJ, 1050 (C-0-C), 1660

N n T
T

o (arthtlc), 755 and 690 an” (c ns), nmr: - 7 3 (m Sy, 4.75

(m, IH) C’C C HO- 3 8 (m ZH) C H O 2.0.(m, 4H) C PZC VZC HZO- SR

ispectrum m/e 172 0890 (Cblcd for Clzil.O: 170.0893),

’;'171(59) 157(37) 144(@1) 131(89), 16(100) 103(77),.

; 77(60) 70(6’) 63(64) 51(63) 42(65) 39(61) Anal
,j,,far c 211,0 C, 83 69;- H, 7,05. Foupa. C, 83.53; H, 7.30.

:s Reactlon bctween D11sobut\lphen\lethvnvlalane hlth Phenvldiazonium o

7

Fluoroborate 1n Tetrah\drofuran at 20 S ; “_ o : h

The same procedure as descrlbed above was followed but the ;

o

oy

L - ~;reactlon was carr1ed out at -70 ,At this. temperature a smooth
IR evolutlon of n1tr0gen was produced (85°)' Glc anal\s1s (column D,

245 ) shgwed thc formatlon of 70 \1eld of ’-phen)lethynxltetra-

’hydrofuran

e . " .
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Reactlon between D11sobutylphenylethyny1alane with Two

/
i qu;valents of Pheny1d1azon1um Fluoroborate in Te§£§hydrofuran

)

. ; e ,. <.
To a cooled 0° ) suspens1on of'phenyldlazon1um fluoroborate

(7.672 g, 40 mnole) in 60 ml of THF, a solutlon of d11sobutyl— '

. phenylethynylalane (80 ml, 20 nmnle .0.25M, prepared as descr1bed
above) was added dropwise. At the end of the add1t1on 1205 of

. n1trogen was glven off. When the temperature was allowed to

- 1ncrease to 25° the rest of the n1trogen was evolved Work “up
in the usual way and analys1s by glc (colum D, 245 ) showed the

‘ fbrmatlon of 2 phenyrethynyltetrahydrofhran in 72° yield.

reparation of Diisobutylphenylethynylalane in p-Dioxane o

To a cooled (10° ) solutlon of phenylacetylene (2\74

2 25 mmole) in 60 ml of p- -dioxane was added 10. 2 ml oflwglﬁ
solution of n—butylllthlum (25 mmole). The mlxture was st1rred

~at 0° for thlrty minutes and then d11sobutylalum1num chlorlde i
(4 89 mil, 25 mmole) was added dropw1se L1th1um chlor1de pre-

c1p1tated, the suspension wasstlrred overn1ght Enough p-dioxane

‘was added to obtaln a volume -of 100 ml (0 ZSBD

‘ React1on of D1lsobut)lphenylethynylalane w1th Phenvldlazonlum '

Fluoroborate in p-Dioxane

e
A suspen51on of phenyldlazonlum fluoroboratb (3. 836 g, 20

nﬁ;ﬂ&ﬁ’j?fﬁﬂl;nl of p—dloxane was cooled to 10° and then 80 m1

. fa ) }1 o . . <



4ﬂevolu¢1on of nltrogcn was produced After -

%

The solvent was removed
}ziwatgx aspirator pressure). A small
‘b to bulb (190°/ 0.3 mm), #2° 1.5606;

l

ir “%quld fllm) 'rcﬁus) 1120, 1090 (C-0-C),

. 760 and 695-cm

; s (m; SH) Cetls» 4. 4 (q, 2111).
--OC HC-C k! .,i {\6H 3(0 Q,Hz), mass Spectrum mle:

“188.0837); 188(100) 158(10), 130(30),
A2

e ;tff‘}{ 102(96), 74(15)’ 63(15) 51(?0), 39(10)

vw !

8.0837

(,
$?Preparat10n of D11sobut)1phen)lethynylalane in Ethvl Ether

’I: .

.o

Q \'3\ .

s\\\\\\\\\?o a cooled¥( -20° ) solutlon of phenyiacetvlene (2.74 ml
. 2.55 g‘ 25 mmole) in 60 ml of ethyl ether‘was added drophlse
B n- butylllthlum (10.2 m1; 25 mmole 2 4$M). The whlte ‘'suspension
';was stirred at 0° for 30 minutes and then d11<obuty1a1um1num
‘lchlorlde (4 89 ml 25 mmole) 'was added ovcr ten mlnutes L1th1um
_vchlorlde prcc1p1tated and the mixtyre was st1rrcd oveinight.

vEnough eé@cr was added to make‘the totallvoluméxIOO ml (0.2550.
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Reactlon of - D11sobuty1pheny1ethvny1a1ane w1th Phenyldlazonlum :

i :3 A' Fluoroborate in Fthyl Ether

\7 o A solutlon of ‘the alane prepared above (8(Y ml 20 mmole,
0 ZSM) was added dropw1se to a suspens1on of phenyldla"onlum

v\ mﬂuoroborate (3 836 g, 20 mnole) in ethyl ether (40 ml) at 16o

: After no further n1trogen was evolved the solution was wanned

. o to 25 and worked up accordlng to the general procedure Analysis '

by glc (column A 230 and 150 ) showed the fdrmatmn of '

4

;: 2 pgenylethynyl ethyl wther i 52%° yleld and the presence of 46%

- 7/ of phenylacetylene. The solvent was re;noved in vacuo, and from’
= V =y the»?esulue an, analytlcal sample wds obtained by bulb to bulb
o j:dlstlllatlon (84 /2 an, n20 1. 5271, ir (11qu1d fllno 2240 (c0),
'1600 (C HS) 1110 (C O 0, 750 and 690 an’ »( Ho); nmr: 6 7‘28 WP
r ‘(m 5H)- C6 5 4,25 (q, ='7Hz 1H) C:CCHO-, 3.05 - 4.0 (m
VTM)C%QJ45@ J =6 Hz, nncncy 1.2 (1,3 = 7 Hz, 3)

C HZC Hs3 mass spectrum m/e 174 1040 (Cach for C 0:

| 1214 ;
" 174.1085), 174(25),, 173(68), 159(41), 145(10) 131(87), 130(76),
129(100),, 127(21) 115(49), 203(21), 91(7), 77(21) 63(7), 51(13),

- 43(61), 39(4) Anal Caled. for CIZHMO' c, 82.72, H; 8.10. -

Found: C, 82.70; H, 7.91.

Prepar'ation'of Diisobutylphenylethynylalane in Tetrahydropyran

‘

To a cooled ( 20 ) solutlon of phenylacetylene (2 74 ml, 2 55 .

Y

g, 25 mnole) in 40 ml of tetrahydropyran n~buty111th1um (10. ﬂ
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fZS mmole, 2.45M) was added over thlrty ~uates, pThe'mixture was
stirred;at 0° for_lS minutes and then di isobutylaluminum chloride
_(4:88 ml, ZSjmmolc) was added(' At 250 none of the-lithium chloride
:prccipitated ~After st1rr1ng overnlght a small amountrseparated
from ‘the solut1on Tetrahydropyraﬁ was added to make up to 100
mlo(0.25M). - v )

React1on between D11sobutv1pheny1ethyny1alane and Phenyldlazonlum f> .‘

Fluoroborite in Tetrahydropvran

To a cooled (9 ) suspen51on of phenyldlazonlum fluoroborate

1

(3.836 g, 20 mmole), 80 ml of the alane prepared above (ZO'mmole
0.25M) was added drophlse ig;ogcn was given off’ in 728 yleld
The mlxture ‘was allowed to warm to 25 and the‘work up was carried
out’ qs usual Gle analy51s (column E, 730 ) showed the format1on ;
of 2- phenylethynyltetrahydropyran in 28% yield. Evaporat1on of
.the solvent under reduced pressure and molecular d15t111at10n

(100°/0.08 mn) of a small portlon of the residue afforded a pure

sample. nZ’ 1.5611 (1it. 85, go 1.5600); ir (liquid fllm) 2230

.r(C‘C), 1600 (C HS), 1080, 1030 (C O C), 755 and 692 cm” (CGHS);
-nmr: & 7 3 (m, SH) C6 5> 4.5 (m 1H) Cz=C-C HO- 3.5-3.9 (m ZH)

CH,CH O- 1.3-2.0 (m, 6H) C H CH,.CHC H,0-. Thc 1r and nmr

, 272 2 2 272
spectra were - in agrcement w1th the ones reported in the lltera—

ture80, ~ .
' -G
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Preparatlon of D11so'buty1pheny1ethynylalane in Dusopropyl Ether

/

o /'1_

To a 00) §01uti(&| of phenylacetylerie (2.74 mi,
2.55 g, 23 N ‘ é} in' dusopropyl et}?ler (50 ml) ;, n-butyllithium

(10.2 m1, 25 rhmole 2 45M) was added dropv.nse over a thlrty

" minute per1od of time. The whlte suspens1on was stirred at O

forgme hour. ,D11sobuty1a1fwn1num chloride (4‘ .88 ml_,- ZS'mole)

9 ...was edded. ~ Lithium chloride precipitated and the mix,ture was- i ,,”
~ stirred overnight. The volume was adjusted to IOO’rﬁl ‘(t)'.ZSM).

D

Y

' ) X
Reactlon of D11sobuty1phenv1ethvnv1alane Wlth Phenyldlazon\twn
9

Fluoroborate i D11sop‘ropvl Ether

The - aIane solutlon (80 ml) prepared above (20 mmole 0. ZSM)
was - added dropmse to a suspensmn of pheny1d1azon1um fluoroborate
(3 836 g, 20 mmole) in dnsqpropyl ether (40 ml) at room tempera- -

.tur A very slow evolution’ of n1trogen was produced upon /\
addltlon of the alane accompanled by a rapid d. aing of the
~solution. . After no more n1trogen was g1ven off (705), the
resultant red mixture was worked up in the usual way Analy51s
by glc on- dlwfferent columns failed to reveal the presence of the |

expet:ted product.

s

R}

\

Pr Jaratlon of D11sobutvlphenvlethyn\'1alane in 2,5- Dmx:thyltetra-

hy_drofu »
. ) I\
R

To a. cooled (-200) solution of phenylacetylene. (1.35 mi‘,

-~
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B B ZSS/g 12.5 nnnle) in 30 ml of 2 5 dlmethyltctrahydrofuran

- n- buty111th1um (5.1 ml, 12.5 mmole 2.45M) was. added dropwise

‘and with st1rr1ng durlng fi fteen minutes. The mlxture was

’st1rred at 0° for one hour and then diisobdtylaluminum , .
-vchlor1de (2 43 ml 12.5 nnmle) was ' added The mixture‘ from,“ Tyt
which 11th1um chlorlde s%;i;?ted, was stirred overnight and e ‘;

“‘the volume made up to 50 Mwith 2.5-dimethyl tetrahydro ran,n_
(0.25. e / ' -

.'Q

.\ /I-» P Vad 0 )
'React1on °f Dllq°bUtylPheU)lethynylalane w1th.Pheny1d1azon1um~ e

~F1uoroborate in. 2 ,5- ngethyltetrahydrofuran L ';}+
; —— - G

4 . e

.

- Treatment of a cooled (0 to“3 ) suspen51on of phenyl-. s
‘d1azon1um fluoroborate (1. 918 g, 10 mmole) in 2,5- dlmethyl- |
tetrahydrofuran (20 m1) with 40 ml of the: alane solution

'~prepared above (10 nmole, 0 ZSBD resulted in a smooth evolutlon

of n1trogen (100%).  Usual work- -up and analy51s bﬁxglc (column A

Y:ISO ) shoued the presence of 62@ phcnylacetylene The solvent |

was evaporated under reduced pressure. Fractlonal d1$tlllat1on ‘ ((

afforded a 0 741 g of a yellow\llqu1d bp 77- 78 /O 05 nm which
N i

L8390

ﬁ?4;bu1b d15t1llat10n (130°/0.2 mm) The 0. 53 g \

~—phenylethyn)'ltetrah)drofuran was a mlx-’

ture of dlaster01somers nDO 1. 5351, ir (l1qu1d f11m) 2240 (C=z C),

l

“ 1600 (Cghg), 750 and 695 cml (C us), nmr: & 7. 25 (m, S,
C6 5 4.15 (m 1“) C H3C H, l 58, 1.53 (s,‘s SH) Lsomerlc ‘
| CHyC-(C:C-9)-0-, 1.25, 1. 28 (d d, J=6Hz, J= 6.5 lz, 31)

1somcr1c C H3C H-; ; mass spectrum mle: 200. 1196 (Caled:,for



Ss100 -0 B

/
| C14H16O 200, 1201), 00(20), 185(27), 145(20) 129(1000, 115(17),

72(5), 42(45), 41(7) .+ 4nal.Caled. for c14H16o, c, 83 9; H, 8 05.
FoundCBS69H822 PR e

B

Preparataon of a Solutlon of D11sobutylphenvlethvny1a1ane 1n -

: Methylene Chlorlde

o

To a cooled (- 20 ) solut1on cof phenyiacetylene (2 74 m1

2.55 g, 25 mmole) in 48 ml of purlfled pentane and 2 ml of _ | \ .
tetrahydrofuran, n-butylllthlum (1r.0 ml 25 mnole 2. SOM) was |

k‘added The whlte suspens1on formed was stlrred at 0 for one
hour and then d1lsobutylalum1num chlorlde (4 88 ml 25 ;Imolc)

" was added dropw:Lse LiC1 pret1p1tated and the letUTC after
bbelng st1rred for 6 hours at room temperature Was flltered under
\iutrogen The clear SOlUthﬂ was eréaporated utlllzlng a SLO}‘V
streanm of n1trogen and gentle warming ‘at 30°.. The resﬁdue was‘*
d1ssolved in enough methyl/ene chlorlde“ to .make a volume of
__‘100 ml’ (o 25M) .

S S : ® S A

@ Reactlon of D11sobuty1pheny1ethvnyla1ane with Tetrahydrofuran :

and Pheny1d1azon1um I‘luoroborate 1n Methylene Chlor1de »

: ';-"-",
-

A suspensmn'of phenyldxazomum fluoroborate (3. 836 g,
- 20 nmole) 1n methylene chlonde (40 ml) in the presence of 2 ml
of tetrahydrofuran was cooled to 0°¢ The solut1on (80 m1) of

L 'alane prepared .above (20 mmole, 0 ZSM) was added djpwlse.‘ : An

-
£ -
L

)



M

_ case but ut111zmg 3.13 ml 25 mmole of d1eth)1a1un1num chlorlde)

'~ isobutylalumingf

- J

- 1mmediate darkenmg occurred and nl‘trogon was g‘h(cn off yery & .

slowly (54’) . Ana1y51s by glc showed that no 2-pheny1ethynyi-

tetrahydrofuran was produced . S o X -
. - - A
, " _

Reactlon of Dlethylphenylethynylalane with Phenyldlazonlum

)

};vluoroborate in Tetrah) drofuran A ~5

: )
4 To a cooleld (0 ) suspensmn of phenyldlazomum fluoroborate
(3 836 g, 20 mnole), a solutlon of d1ethy1phenylethymlalane .
(80 m1, 20 mole, 0. 25M, ‘prepared as descrlbed for the dnsobutyl
was added d‘fﬁwlse _Nltrogen was: glven off ‘in 75 yleld Usual
work -up and analy51s by glc (colum A, 240° and 1500) revealed

the fonnatmn of 47% )1e1d of 2- pheny] ethynyltetrah}drofuran and

" 'the presence of . phenylacet) lene in 53%. , R \ V\
( .
).u.r. S
e b
y ] P
- /' '

To a cooled (-20% solutlon of phenylacet)lene (5.5ml, 5.12 g,

50 nmole) in 80 ml of tetrah\drofumn n-but)lllthlum (ol 3 ml
S

ong, hour- at 0 and thc treated w1th .45 ml (»ZS mmole) of -
d1 hlorlde ‘The solutlon was stifred overnlght

and then the volufe made wp to 150 ml (o 167M). )
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Reaction of bis (Phenylethynyl) 1sobuty1alane with Phenyldlazomum

: Fluoroborate in Tetrahydrofuran . S
N L. ] 7 P .

,

A suspensmn of pheny1d1aeon1um fluoroborate (3.836 £, 20
mmole) in 75 ml of tetrahydrofuran was cooled to -30° 'I'hen 120
ml of the alane SO].U,thIl ‘prepared above (20 nmole 0. 167M) was
added dropw1$e A smooth evolution of n1trogen was produced (92%)
Work -up and analy51s by glc showed the formatlon of Z-phenyl—

.ethmvltetr:ithrofuran in 70% yield.

Reactlon of bis (Phenylethynyl) 1sobutylalane w1th p Methoxyphe nyl -

di azonlum Huoroborate

To a cooled (-10 ) suspensmn of p methoxyphenyldlazommn
fluoroborate (4 436 g, 20 mmole) 1rT’7§ ml of tetrahydrofuran
a solutlon of bzs (phenylethynyl) 1sobuty1a1ane (120 ml 20 nmole
- 0. 167M, prepared as descrlbed above) was added at a rate to
' produce a smooth evolutlon of nltrogen (899) Work- up in the.
usual way and - glc ana1y51s showed the presence of 829 y1eld of

2= phenylethynyltetrahydrofuran

Reactlon of bis (Phenylethynyl)1sobuty1alane with m- Chlorophenyl-

dlazonlum F 1uoroborate -

=4

A suspensmn of m- chlorophenyldlazomum fluoroborate (4. 526 g,
2(} mmole) in 7S ml of tetrahydrofuran was cooled ‘to 50 Then |

)

“
&
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a solutlon of bzs(phcnylefﬁynyl)1sobuty&é?ane (120 m1, 201nnole
0. 167M prcpared as dc§tr1bed above) was added dropw1se. N1trogen
. //)
was evolved in 75% yield. quk-up and analysis showed the

presence of 275 of"Z-phony]ethynyltetrahydrofurdn.

Reaction of bzs(Phcnylethynyl)1sobutylalane with m- Tblyldlazonlum

Fluoroborate

T A ngutlon of'bis(phéh)'lethynyl)isobutyl lane (120 ml,
20 mmole, 0.167M prepared as descrlbpd abo ) was added dropwise
to a suspension of m-tolyldiazonium fluo orate (4.116 g, 20 |
nnble) 'in 70 ml of tetrahydrofuran cogled at -25°, Vlfrogen[
‘was glven off in 90% yi®ld and 2- -p n)lethyn\ltetrahydrofUran

was formed 1n 73% y1e1d

Y

- Preparation of tris(Pheﬁ?lethynyl)alane in Tetrahydrofuran

| A solution of phenylaéetyiene,(e 25 ml, 7L66mg,r75‘mmole) iﬁ :
-80.ml of tetrahydrofuran was cooled to ’200 Then a solutlon of
. n- butylllthlum (75 dmole 47 ) ml 1. SSRD was added drophlse
‘The mlxture was" stlrrcd .at” 0 for one hour and then coolcd to o
-100. A solution. of aluminum chloride (3. 33 £, 25 mmole)’ in 35
, ml oij;etrah)drofuran ‘was added The solution was stirred f
.‘overnlght and enough THF was addcd to brlng the volumc to ’00 ml

SR o

(0 08M) .

Ntz
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Reaction of tris (Phenylethynyl) 1sobuty1alane with p Mcthoxyphenyl-

~ diazonium Fluoroborate in Tetrahydrofuran

To a cooled (—150) suspen%ion of p- methox‘yphcnyldiézoniwh
fluoroborate (4. 436 g, 20 mmole) 1n 70 ml of tetrahydrofuran a
solption of tms(p@nylethynyl) 1sobuty1a1ane (160 ml, 20 mmole
0. 08M prepared aé descrwed above) was a ded dropw1$e A ;"
smooth evolution of nltrogen was' %roduce%j (1009) Ana1y51s K
glc showed the fo(nnatlon of 85% ofl 2—pheny1ethyny1tetrahydro-‘ o~

s -
ran. . :

'Reactlon of mlsobutylphenylethynylalane with p Methoxxphenyl-

B d1azon1um Fluoroborate

_A‘suspeneion of p—méthoxyphen)iidiazonimn flueroboréte |
-(4.436 g, 20 mole) in 50 ml of ethyl ether was cooled to 149,
A solutlon of dnsobutylphenylethynylalane in ethyl ether
(80 ml 20 nmole %ZSM prepared as descnbed above) was addcd

, dropmse to. produce a smooth evolution of n1trogen (1009)

Work-up in the usual way and glc analy51s showed the formation of o

2- phenylethynyl ethyl ether in 6% y1e1d Also anlsole was

A

-
PN

e

present in 84% and phenylacetylene in 229 s

M

Reactlon of D11sqgu lehenylethynylalane with p- Methomhcnyl—

: d1azon1um Fluorob\te in p Dloxzfne

: A mixture of p—methoxy_-phenyldiazonimn'fluoroboréte

»
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(4’436 g, 20 mmole) and dioxane (50 ml) was cooled to 10°
A dipxane solutlon (80 ml)of d11sobutylphenylethynylalane
7 (20 mole, o0. ZSM prepared as described abovea was added
dropw1se A smooth evolution of nitrogen was produced (81 ).
_WOrk-up utlllz;ng the usual procedure and ana1y51s by glc '
| (column B 240° and colqu A 150 ) revealed the formatlon of
22 phenylethynyl-p dloxane in 43% yleld Anisole was produced |

in 58% yleld and phenylacetylenc present in 429 .
— S

‘React1on of D11sobutylphenylethynylalane w1th p- Methoxyphcnvl-

d1azon1um Fluoroborate in Tetrahydropyran

To‘aﬁcooled'(iSQ) suspension of p~methoxyphenyldiazonium» |
fluoroborate (4.436 g, 20 nmole)‘in’tetrahydropyran (40 m1), a ,'/‘
;olution of‘diisobutylphenylethvn)lalane 1n tetrah)dropyran
(80 ml, 20 nnmle 0. ZSM prepared as descrlbed ab7ve) was added
dropw1se such that a smooth CVOlUthD of nltrogeanas produced
(689) | Work up and glc ana1y51s (colum E,. 230 and column A,

1509, detected. the format1on of 36% y1e1d oh 2- phenylethvn)1~
tetrahydrofhran Anisole was produccd in 415 and phenylacetylenev _ﬂ

was present in 43%.

Reactlon of Dllsobut)lphcnylcthyn\lalanc with p Methorvphcn)l

diazonium Fluoroborate in- S- 1methy1tctrahydrofuran

-~

A solutlon of d11sobutv1phenylethynylalanc in 2,5- dlmethyl-
' ;ttetrahydrofuran (80 ml 20 mmole 0 ZSM, prepared as preV1ou§1y ‘

V

/
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described). was added to a susperisvion of p-methoxyphenyldiazonium
fluoroborate (4 43)‘3"g) 20 mmole) in 2,5- dlmethyltetrahydrofuran
(40 m1) at 15 N1trogen was evolved in 47% y1e1d Work-up -
'in the usual way and glc analysis (column B 240° and cclum A,
150 ) showed the formation of 2, 5- -dimethyl-2-phenylethynyltetra-
hydrofuran in 35% yield. Also anisole was produced in 65% and

phenylacetylene was present in 43"

Reactlon of Dnsobutylphenylethynylalane with p-N,N- Dunethyl-

_'ammophenyldlazonlum Yluoroborate in Ethyl Ether

To a cobled (15° ) suspensmn of p- N ,N- dunethylammophenyi-
d1azon1um fluoroborate (4.696 g, 20 mmole) in ethyl ether (40 ml),
a solut1on of d11sobuty1pheny1ethynylalane in .ethyl ether (80 ml, |
20 mmole 0 ZSM) was added. dropwise. No n1trogcn was evolved
at thlS temperature. The mixture was brought up to reflux
. ‘resultmg in a smooth evolutlon of nitrogen. After 5 hours the
reactlon mixture was worked up in the usmal way . \.I'he fonnatlon
of Z—phenylethynyl ethyl ether in 11% y1e1d was detected by

uglc » /

-~

‘Preparation of Di isobutyl-trans-1-hexenylalane

o

: ’ ' 2
To a cooled (100) solutlon of 1 hexyne (2. 24 ml, 1.64 g,

" 20 nmole) in 30 ml of olefm free 11gr01ne dusobutylalummum
hydrlde (3 .f.] ml 20 nmole) was added dropwlse ma1nta1n1ng the

temperature belqv 20°. Then the mixture was refluxed for two
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i hours The solutmn was,cooled to room temperaturc and the solvent
'nemoved in vacuo usmg the water aspuator The re51due was
dlssolved in 40 ml of tetmhydrofuran (c a. 0. SM')

“Reaction of Dusobutyl trans 1- hexenylalane with p-Methoxyphenyl-

‘ dlazonnxn Fluoroborate in Tetrahvdrofuran

L2 . -
N

A Suspension of p-methowcyphenyldlazonlmn ﬂuoroborate (4.436 g, .
20 mmole) in 60 ml of tetrahydrofuran was cooled to -10°. Then
a solutlon of the alane prepared above (40 ml, 20 mmole c.a. 0.5M)
was added 1n such a way as to achleve a ‘smooth evolutlon of nltro- 3
gen (70%) " Work-up on the nuxture and analysis by glc (column A,
180 ) detected the fomatlon of trans-2-(1- he\enyl)tctrah)drofuran'
in 38% yleld and anlsole in 63%. Ehmmatmn of the solvent at
~ atmospheric pressure folloxsed by prepm?tlve glc (1 NP(B}‘ ’
1500) and bulb to bulb d15t111at10n (60°/3 m) resulted in a pure
- sample of the trars allyhc ether. nl;)O 1. 4542, ir (11qu1d f11m)
1670° (C=Q), 1055 (C 0- C) 965 (t@s C H=C H); nmr: ¢ 5.1-5. 8
(m, 2H) C #=C &, 3.9-4.3 (m, 1H) 0-C &- (CHZ)(CH—CH), 3.4- 39
(m, 2H O-C Hy, 1.6-2.2 (m, 6H) C HZC #,C HZO and C H‘C HC Hy,
1. l 1.5 (m, 4H) C HZC{:IZC H3, 0.85 (m 3H) o} H3, mass spectrum’
m/e: - 154.1366 (Calcd. “Yor “CIOHIBO 154 1358) 111(22) 97(100)
84(18) »- 69(20), 55(70), 39(’9) AnaZ Cach for le C,

77.87; H, 11.76. Fownd: C, 78. 15; 1, 11.63.

L TR
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Reaction between Tr11sobutylalum1mxm and p—Methoxyphenyl-

7

-

d1azon1um Fluoroborate in Tetrahydroﬁmm

A sus'pépsi'on of p-méthoxyphen)fldiazonimn ‘fluoroborate
(4,436 g, 20 mwole) in tetrahydrofuran (50 ml) was treated with |
a solution of trusobutylalwnmum (5. 08 ml, 20 mmole) in 10 ml
of tetrahydrofuran at room temperature After no more .

, n1troger} was given off (70%) the mlxture was worked up. Glc'
e

analysis shoxxed the presence of 48% y1e1d of amsole No

" other vblatile product could be detected.

Reaction between. Diisobug_vlpherryleth)mylalane and Phenyldiazonium

Fluoroborate in Tetr:'ihydr'ofuran in the Presence of Galvinoxyl
— : _ _ . X

To a cooled (-20 ) suspensmn of phenvldlazomum fluoroborate |
(3.836 g, 20 mmole) in 40 m1 of tetrahydrofuran contammg gal-
Avmoxyl (0 422 g, 1.0 mmole, S%) 80 ml of a solutlon of
dusobutylphenylethynylalane (20 mmole 0. ZSM) has added dropmse
An mmedlate evolutmn of n1t\aogen was produced (829) Work -up
followed by glc analysis detected the formation of 2-phenylethynyl-
| tetrahydrofuran in 60° |

Synthesis of 4,5-Decadien-1-ol .
" To a'stirred solutionv of 2-(1—heXynyl)tetrah§'drofuran (1.52
_ g, 10 mmole) in 10 ml of 11gro1n d11sobutylalum1num hydr1de

+ - (DIAH) (1 87 ml 10 mnole) was added dropwlse keepmg the
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tempefature below 25° by means of a water bath. St'irring was
continued ovemight Work -up of the react1on mixture was -
: carrled out in the usual way. Analysis by glc (colum G, 150 ) »
detectcd the format1on of 4 5 decadien-1- ol (92 ). A pure '. )J
sample was obtamed by e11m1nat10n of the solvent at aUnospherlc ‘
pressure followed by evaporat1ve dlstlllauon (50 /0 05 mm),

]730 1.4759, nmr: & 4.8-5.2 (m, 2H) C H=C=C A, 3.55 (t, J = 6.2

s

‘Hz, 2H) C #,0H, 3.43 (s, lH) or; I8¢ nmr: ppm (relat1ve to 'T™MS)
204 1 (C‘C—C) 91.53, 90.29, 62. 41, 32, 20 31 50 28. 75, 25.40,
22.22, and 13.86; mass snectrum m/e. 154 1510 (Calcd for ClOHlsO:
154. 1514)' 154(1), 138(15) 110(18) 82(80) 78(100) 77(92),_
,54(70), 39(38), ir (liquid fllm) 3320 (oH), 1950 (C=C=C), 1060

Ccne. - - o

,SyntheSis of'l—Methoxy~2-oetyne- . ' ' : B IR

-

To a cooled'(Oo) e‘olution‘of l—heptyne (13.4 ml' 9 6.17 g,
0.1 mole) in ether (150 ml), a solution of n- butyll1th1um in
hexane (55.3 ml, 0.1 mole 1. 81M) was added during o»(e hour The
‘white suspensmn was cooled to -20° and chloromethyl methyl ether
v' (7 58 ml 8.05 g, 0 1 mole) was added drop\mse over: 20 mnutes
The m1xture was allowed to wann to Toom temperature and then
pourec;l mto ice-water, saturated w1th NaCl, and extracted w1th
ether. -The orgamc layers were combmed washod with brinc and

| drled over Na2804. The solvcnt was el_1m1nated at redu;ed-pres§ure

and ‘the residue was fre_’ctiOnally (listilled,‘\ A fraction boiling

S
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* D
1.4391; ir (liquid film): 2220 and 2280 (CzC), 1100 (C-O-C);'

at 66°/8 mn afforded 6.40 g (46%) of 1-methoxy-2-octyne, n

‘nmr: 5395'(t J=. z’Hz 2, € H,0C Hy, 3.26 (s, 3n)0(:11

2 3» 3’
2. O 2.4 (m 2 ¢ HZC H2C C, 1.1-1.65 (m, 6H) CH (C HZ)- 0 7-

1.1 . 3 C HZC HZ’ mass :pectrum M1 (M not Jlarge enough
to measure) m/e: 139~~11;3 (Caled. for Cngs :139.1115), 97(99),
84(70), 79(68), 67(97), 45(75), 41(100). Anal Caled: C, 77.09;

H,‘ 11.,50. Found: C’ 77.10; I_{’ 11.23. ‘ L ,.-
J ) :

» ;

Reactlon between 1- }kthoxy 2- octyne and Dllsobutylalum;ﬁum

Hydndev (DIAH) : L

To a stirred solutlon of 1 methoxy— -octyne (1.40 g, 10 nmole)
‘in 3 ml of 11gr01n DIAH- (1 87 ml 10 mmole) was. added and the
mlxture matntalned at 34° {or 5.5 hours. The mixture was worked
up in the" usual way and analyzcd by glc (column A, 110 Y, 1,2-
,octadlene was detected in 57% and 1- octene in 5%. The solvent was
’evaporated at atmdspherlc presspre and pure samples were- 1solated
‘vby preparatlve glc ¥hen the reaction was repeated at 50 the
allene was produced in 55% v1 -octene in 5% and startlng material

‘ present in 21%5. 1 2—Octad1ene, a2l

iy 1.4401 (lit. 953 15 1.4440);

)]
© nmr:. 5 4.75-5.3 (m, 1H) C B=C=C HZ, 4.4-4, 75 (m zn) C H=C=C 112,
1.7-2.3 (m, 2 ¢ HZC H=C=C nz, 1. 1=1\ 65 (m 6i) C H3(C H,) sC H,
0.7- ;(.h (m, 3H) C H3C Hz, ir (11qu1d mm) 1950 1695 838

(C H=C=C HZ) 1 Octene was shown to be 1dent1ca1 (nmr or 1r) w1th

- an authentlc sample
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‘Reactron between 1-Methoxy-2- -octyne and Dnsobutylalummum

| Hydride m Methylene Chlor1de
RN

')
The §ame procedure ’descrlbed above was followed, but methylene

chlorlde was yse instead of 11gr_01ri. After six hours, 1,2-octa-

~* diene was present in 56%, startmg material 20% and 1-octene in
8%. After 12 hours: allene, 67%; starting material, 15%; l-oétene,

10%.

" . ol . ‘ / ‘ :
- . Synthesis of 2—094yn-l-ol
> B . /
 To a cooled (0° ) solut1on of 1- heptyne (26 8 ml, 19. 23 g,
0.2 mole) in 500 ml of ether, .n- buty111th1um in hexane (110 6 ml
0.2 mole, 1 81M) was added dropwlse over 1.5 hours The whlte
suspensmn was allowed to warm to room temper'lture and then o N%

paraformaldehyde (6.6 g, 0.22 mole; dried over P 05) was added. & gl

: The mixture was stirred for two hours and then poured into 1”c%i

water. l"}xe organlc layer was separated and the aqueous layer
: B

extracted with ether. The combined layers wcre washed w1th water

- brme and dr1ed over Na SO The solvent was’ ellmlnated at 7 -

2774
atmospheric pr-e’ssure. D1st1llat10n of the res1due afforded 19, 34

g (78%) of 2- -octym-1-oL, bp 101-102 /1s m (m 96 980/15 ).

Synthesis of 1 -Chloro-2-octyne

To a boiling mixturc of thionyl chloride (3.65 ml, 5.65 g, .

\
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50 mole), tri-n-butylamine (15 drops) and 15 ml of ether,
2-octyn-1-01 (6.3 g, 50 mnole) was added dropiise and then the
. mixture refluxed for 4 ho'urs Evaporatlon of the solvent and

fractlonal d1st111at1on afforded 6.53 g (92%) of 1 chloro 2-

octyne, bp 71-72°/9 mn (1it.%7 40-41%0.5 mn),nD 1.4604, 1it.%
n2® 1.4500. o .

& \

Reaction between 1- 0110r0 2- octyne and Dusobutylalummum
. ﬂxdrlde (DIAH)

-

To a stirred solution of 1 chloro 2-octyne (2.89 g, ZO
nm1ole) in methylene chloride (10 ml), DIAH (3 75 ml, 20 mnole)

was added dropw1se maintaining the tenperature below.25°, After

‘ ,a reflux perlod the reacmon mixture was worked up and analyzed

by glc. 1,2-octadiene was present in 32%. Furthermore, }nnny

} unldentlfled compormds were detected by glc.

- Synthesis of 1-Tetrahydropyran-2' -y loxy-2-octyne

A SOlUth]'l of 2 octyn 1 01 (12 6 g, 100 mnole) and

.vd1hydropyrane (9.22 g, 110 mole freshly distilled fran sckdlum)
in 150 ml of methylene chlorlde .was’ treated with a few Crystals

| of p- toluensulphomc acid. After a sl1ght increase in temperature

the mxture was stirred for 30 mlnutes followed by . add1t10n of

0.1g 6f anhydrous K (I)S The st1rred mixture (one hour) was

f11tered and concentrated in the rotatory evaporator Fractmnal

3
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1.1-1.7 (m, {) cns(c Hz) C HZ, 0.7-1.1 (m 3H) CH

) 'N\/ /r_( .
o : - 113 -
dlstlllatlon ‘afforded 20.91 g (c a. 100% yield) of the t1t1e |

campound, bp 72- 79° /0 1.m (lit. 8 bp 91-96 /0.3 mm) .

~

React1on of 1- Tetrahydropyran -2'-yloxy-2- octyne w1th v

-Dlssobutyalwnmum Hydnde (DIAH) L {\r

To a stirred ‘s'olution of the tetrahydropyranyl ether
synt}iesized above (5'25 g, 25 mnole) in 20 ml of pentane, DIAH
(4.7 ml 26 nmole) was added over 30 minutes, After a reflux

&

l ﬂ”'\n”'\

perlod of 9 hours the reaction mixture was analyzed by glc.

- 36% of 1 2- octadlene was detected

!

. Reactlon of“Z Octvn 1-01 methanesulphonate with Dusobutylalummum
- }jydnde (DIAH)

v

To a cooled (100) solutlon of 2-octyn-1-o1 (2 52 g 20 nmole)
and trlethylamme (3.13 g, 30 mnole) in<80 ml of benzene was

treated with methanesulphonyl chloride (2 52 g, 22 nmole) The

. mlxtune was stirred for 30 minutes at, 10° and then poured into

ice- cold 5% HZSO The organic layer was separated and washed
tmce.wz water cold 103 K2C03 solution and f1na11y agam with
water. Cmcentratlon of the solutlon in vacuo afforded a residue _

(3.20 g) wh1ch was analyzed by nmr: 6 4, 86 (t J=2.3 Hz, ZH)

.’/C HZOC H3 (s 31) OSOZC H3, _2 0-2, 4 (m, ZH) C HZC HZC C

CH The‘

37
re51due obtamed above was dlSSOlVCd in 50 ml of methylene chlorlde

the solutlon was Moled to -20° and treated w1th DIAH (2. 8 ml, 15
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nnnole)' Slow war.ing to room temperat!ure and- st1rr1ng overrught ‘
aﬁforded after the usual work-up, ‘a quantltatlve formation

.of 2- og/tyne (glc) A pure sample was 1solated by evaporatove
distillation (140°7700ymm), »20 1.4280 (19t.26 n20 5. 4285y

"D

'nmr:61923(m ZH)CHCC 173(tJ 2.1 HY, SH)CH3

1. 1- 1 7 (m, 6H) CHq(C HZ)SC HZ, 0.7-1.1 (m;" 3H) C H3CHy; ir
(11qu§”@ film): " absence of absorptlon between 2100*2300 cm 1. |
3 " “’v \h . v . .

" Synthesis of 1-Methoxy: 2-undecyne

\ ‘ , G tae

7

To a cooled (00) solutlon of 1- deqrne (36 2 ml 27 65 g, |
0.2 mole), a hexane solutlon of n-butylllthlum (110 6 ml 0.2
mole 1.81M) was added durmg one hour The mixture was cooled
to -20° and chloromethyl methyl ether (15 16 ml, 16 10.g, 0.2
‘mole) was added drOpmse After slow warmmg to room temperature
'the mixture was poured into ice- water and extracted with ether.
The layers comblne , washed w1th brine and dr1ed over Na,S0

2504
: § C
The so»lvent ¥as re red under reduced pressure Dlstlllatlon

at redu:;%d‘ﬁ)ressure’ afforded 18. 64 g (67%) of 1- methoxy 2- undecyne

bp 114;.1'5 4& 5, 720 1.4596; ir (11qu1d film): 2220 and 2280

(C:C) nmr §. 3. 95 (m ZH) C- C..C HZOC H3, 3. 26 (s 3H)

OCH3,2025(m ZH) cucnzcc 13(broadsmg1et 12/
C Hy(C Hp)6C Hy, 0.68-1.1 (m, 3H) CHy; mass spectrum mfe:

182.1516 (Cach for €, 182, 1671) 93(42), 81'(62) 79(42),

70(61) 67(76), 55(100). dnal. Cach for chHZZo C, 79.06;

H, 12._16;- Fowzd C, 79.26; H, 12.04.

S | DR



'formatlon of 39% of 1 2—undecad1ene, no startmg mterla.l W

.-allene was produced \\ o DR | . .

o TN
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‘Reaction between 1-Methoxy-2-undecyne and Diisobutylaluminum

Hydride (DIAH)

(
A solution of 1- methoxy Z-undecyne (1 82 g, 10 mmole) in

pentane (2 'ml) was treated w1th DIAH (1 78 ml 10 mmole), and then
refluxed f%hours Work up and ana1y51s>by glc detected the

/

present.' A pure sample of the allene was 1solated by preparatlve
glc (colum A, 150% ir (11qu.1d film) 1970 and 840 cn’ -1

- ~C=C=C H,) (1it.%%® 1975 '} w6 4.7-5.2 (m, 1H)
CH—C—CHZ, 4.4-4.7 (m, 2H) C H=C=C 7, 1,65-2.2 (m, 2H')

D)

| o
C HZC H=C=C HZ’ 1. 3 (broad smglet 12H) C HS(C HZ) C HZ’ 0 68-

1.0 (m, 3H) C H3 When -the aforementmned reactlon was carr1ed
out utlllzmg 1. S ¢quivalents of DIAH (3 99 ml, 15 rmolej ;

room temperature after 4.5 hours 1 2—undecad1ene was present in ;
68%, startmg matenal 27%. After 24 hours 1,2- undecadlene
69%; 1- undecene ca. 5- 7% and startmg materlal c a. 10%.

When this rcactlon was repeated using ethyl ether as the solvent

' the reaction was very’ slow After 18 hours less than 40 of

" v
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, | | CHAPTER 1IV.
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" THE REDUCTIVE 'CYCLIZATICN OF UNSATURATED KETONES

The synthf;lc chemlstry of radical ions is a relat1vely

‘new area of study. Desplte the fact that many reactlons occur

by an electron transfer mechanlsm thlS was not recognlzed until

|

more sophlstlcated physical methods were developed (z e., €epr,
r(IIDﬂU. Reactions which were once believed to be "purely"
ionic have s1nc3 been rev1sed and more clearly understood in

terms of a free rad1cal mechan1sm 1nvolv1ng an 1n1tlal electron

‘transfer process gg;~ '

. . Sy
Several of these procedures have found w1de appl1cat1on in

~ organic’ synthes1s and now form part of . standard methods used

in the organlc chemlstry laboratoryl'0 (Z.e., Birch reduct1on

determlnlng the .optimum cond1t1ons for these react1ons has- been
B (

carrled out in a semi- empirlcal fashlon Only recently have

“such factors ‘as the 1nf1uence of the solvent the nature of the

. electron transfer reagent, and thg resultlng changes in the state

of aggregatlon of the electron transfer reagent been taken into

consrderatlon

B

N K

- are solutlons of metals (L1 Na, Ca etc. ) in 11qu1d ammonla

Some of the most. {requently used electron transfer reagents -

<
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These have found success espec1ally in Birch reductions and the
reductive hydrogenat1on of internal acetyleneleO; A disadvan-
- tage of these electron transfer reagents, often referred to as

solutlons of ”solvated electrons", is the poor select1V1ty ,

observed with sensitive substrates - & 0

’ Another class of electron transfer reagents are the ones

 generated by interaction of metals and neutral molecules in

. . <
.ethereal solvents. These neutral molecules are generally

aromatic hydrocarbons or campounds capable of accommodatlng an
"extra'- electron | Some examples are naphthalene b1ﬁheny1
anthracene, hexamethylphosphoramlde GbﬂUD -and tr1me51t)1boron

o | ﬁ_-‘

When ethereal solutlons of these compounds (}BﬁhA can act as’

a solvent by 1tse1f) are treated with alka11 metals strongl)
colored solut1ons (usually green dark blue) are produced due

to the . formatlon of the rad1ca1 anlon

- A possible'advantage’of usi- these electron transfer -

reagents over solut1ons of metals in 11qu1d ammonia is that by

the proper ch01ce of the reagcnt, it may be p0551b1e to select :

39
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the Tequired electron potential/pzcessarybfor a given™chemical
transibrmatien The verﬁatility of such reageﬁts'as tools. for

organlc synthesis 1s bec omlng more ev1dent by the many transfbrm~

-at1ons they are reported to accomp11sh102. Although at present

some of these synthetlc appllcatlons do not present any
significant superlorlty over current c13551ca1 methods, it is

hoped that a better understandlng -f these reactlons by means -

of more research in this area w111 provide an even w1der source

of applications to organlcasynthe51s

- Recently in our laboratorles a new Synthetlc appllcat1on

»’ut11121ng electron transfer reagent§ has been developed The

-8

reductive cyc11zat10n of several saturated ketones was success-_

| fully ac comphshedlo3 Some e les are depicted below

Ne/og
- H,0

728 . 208

Na/¢b
H,0
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Li/TMB
t-ButH

Li/T™B
£-BuOH

The success of this procedure’is no doubt due to a

‘ .dellcate balance of many factors, and in the follo@gng dis-

cussion, some of the factors controlllng thls reactlon will™
be descrlbed As a model system the cyc11"at10n of 6- hepten 2- -one

u51ansod1um1b1pheny1 as the electron transfer reagent and water

as the proton source wa&l be con51dered

Inltlally, two competlng reactlons appear- p0551b1e ~ Sodium

b1pheny1 (half wave potent1a1 (E ) of b1pheny1 ® -2 65 \0112

can elther transfer an. electron to the carbonyl of" the unsaturated

_’ketone 1 (E (C=0) "g-Z 0 to -2. S V)llzto form ketyl 2 or

- behave as a base and abstract a proton from water to produce the

1ntermed1ate 3. - Intermediate 3 upon further elettron transfer

and proton absract1on eventually gives rise to the B1rch reduct1on

Pl

product of. b1pheny1 ‘j e e s v“ - T

Lo’ 7

T
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The fea51b111ty'of tranferr1ng an electron to the olef1n
fbllowed by 1ntramolecular nucleoph111c attack on the carbonyl
is c0n51dered to be a less 11ke1y occurrence, since oleflns
A(because of their: high reduction potentlal) are. stab]e in .
solutlons of sodium in liquid ammonia in the presence of a
'Aproton source104. OnlYy such powerfhl electron transfer reagents
‘as ‘Na-HMPA (E, of HMPA = -2.9) are reported to transfer an

.‘electron.to an isolated double bond105

@9+

' The dual behav1or in react1v1ty of electron transfer. reagents
has- been the subJect of numerous studles106 71t has been _

found that the extent of electron transfer and proton abstractlon
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is a functlon of ﬁ\e state ‘of aggregatmn (1on-pa1r1ng) and
depends on the solvent system used. Solvents wh1ch prowde
efficient coonhnatlon :uch as dlmethoxyethane (M), tend
to favor the formation of - "loose ion" pairs. The opp051te is
observed when solvents such as diethyl ether are employed (in
whlch the formatmn of "tight-ion" pairs is enhanced).
Studles by Ban]\s and coworkersl(mhave 1nd1cated that the
extent of electron transfer is favored by solvents favoring :
X "loose 1on" 'palrsm6-7. This phenamenon has been explamed T

~ on the basis ti?at {an electron transfer also 1nvolves an ion

transfer (generally descrlbed as atom transfer), i.e ;,

et L Qe
(®-¢ ) Na" .+

/N ERVAN

. On thlS ba515 1t 1s reasonable to expect that less energy 15

2y
€
9]

»

requlred to. transfer the counterion to the new. carbanlon if the ‘
pairs are solvent separated Thus the transfer between free
ions is formally a smple electron transfer whlle the transfer

betkcen 1on pa1rs is a formal at(m transferlos.

By carrying out a reaction’ betheen a radical anion and an ‘

N electmphlhc substrate in. a solvent such as I}E, it is p0551b1e
to favor the electrop t,gmsfer process. The rate»of electron' ‘

‘ transfer has been found to ‘be very fast approachmg the dlffusﬁ)n_
control limit (rate constant C a. 108 M 1sec BR whlle the rate of

pro/ ton abstractlon a formal atom transfer is much smaller (rate

) constant C a. lO\)FYSeC'ljloﬁ 109 S \}}C‘& S
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~ Direction of increasing

T

]

\ . ' 0 0
proton abstractlon | H3C/ | SC H3
(tight-ion pairs)’ O

0
N0

- Direction of increasing

0 N . A . N
| (Oj . ‘electron transfer

(loose-ion pairs) -

It is 1mportant to mentlon at t}us point that sodlun—'IMB -
displays a preference for electron transfer ThlS is due to the
- remarkable stab111ty of this reagent towards proton sources110 ,

Once ketyl 2 has been preferent1a11y formed it can con~. |
ceivably lmdergo dmerlzatlon (pmacol type) to 4 mtramolecular
| Cyclization to produce S or abstraction of a proton from water
‘to y1e1d the hydroxy rad1cal 6. ‘ v

'I'he dlmerlzatlon of ketyl 2 \rsh u1t1mate1y would produce
a pmacol has not been observed in- any of our cyclization
reactions. One vof the i"easons for t;us could be. that d1mer12at10n
of ketyls is generally favored by the presence of a d1- or poly-
valent counterion such as magnesium or alumi'num These 'io‘ns
presumably effectively compensate for the electrostatlc repulsmn
of the approachmé’ negat1ve charges Also it has been observed /a

that dnnerlzatlon of ketyls is mmlmzed by use of effectlve
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| g
coordinating solventglll. . } ,
: » | ' o

2

The p0551b111ty of transferrlng a second electron to g1ve

d1an10n 7 appears highly unlikely since the potent1a1 expected
for addition of a second electron to a 51ng1e ketyl is 51gn1f-

icantly more negative than_,3V112.

- If the cycllzatlon of ke&yl 2 to form the cyclic 1ntermedlate

- Sis indeed the path by which the de51red cyclic alcohol arises,

th1s would 1nd1cate that the ‘Presence of a proton source is not

required. Experlments inour laboratorleslo3have shown that when
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4 "

Co

- the cycllzatlon was carrled out -in the absence of an extcrnal no
proton source, 50% of startlng mater1a1 together w1th 56“ of S

cyclized product was obtalned " This result may.reflectif“<” 1.

A 5o

fbrmatlon of the enolate la which, upon hydrolytle work 'p;; ‘

‘affords the startlng material .

( ¥

i s . s0%
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Thus, the presence of external proton source would be _
necessary to drive the react1on1to complet1on by convertlng the
unreactive enolate 1a, 1nto the ketone 1 (and thence 1nto
cycllzed product). o
* JAI\the same time, a mechanism 1nvolv1ng a hydroxy radlcal

Y

6, TE

%ilng g;om abstractlon of a proton from the ketone 1

(or other proton source) is also feasible.

Thus _either ketone 2 or hydroxy radical g;could_eeICOnceivable'
1ntermed1ates in the cyc11z ion stepx |
One piece of chemlcal ev1dence fbr the possible exlséence of
_/// the hydroxy radlcal 6 is found in the® fbrmatlon under certaln
c1rcumstances of small amounts of the reduced ketone 8. -An

analogy for. a somewhatvsimllar formation of'hydroxy radicals is 

the reduction of ketones with sodium in hydroxylic solventsill

e
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_ +
N ' ; A H .-
/_c=0‘ + Na——= €0 _ ~ _Cc-od
- - H
e (] ‘ -+ H- AN
\c o -~ . C-H
/ . - ~

Thus hydroxy radical 6 can undergo an electron tra§$fer and

subsequent proton abstractlon to afford 8

Accordlng to thlS line of argument, 1f 6 1s an 1ntermedlate

~-

in the Cyclization react1on the ratio of reductlon/cycllzatlon
product should depend on whether the cyc11zat1?n is faster or

slower than the second . electron transfer step.

Independent studies carrled out on the cycllzatlon of

o 5 -hexenyl radlcals have shown that the reduction depends malnly

!\
on the concentratlon of the electron transfer reagent113.
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When 6-fluorchexene whs treated with a 0.273 x 10 3M solution of
sodlum -naphthalene the reduct1on/cyc112at10n ratio was 2 0. How-
ever, when the initial radical anion concentratlon was increased -

approxlmately 17—fold(z.e., 4,61 x 10 ?30 this ratio changed
\ a\ )
- - .

On the basis of these results' it would be expected that if"

to 15.2.

the hydroxy radical 6 is the 1ntermed1ate of the reactlon cycllz-

‘ “*eatlon should be favored by low concentratlons of the electron

‘transfer reagent. Experlmentally, this can be performed by
generatlng the sodium- b1pheny1 n sztu That is, as soon as
the 1n1tlal blue coloratlon starts to develop in the surface of
the sodium, the enone and the proton source are added so that the o
radical-anion is conﬁumed as qulckly as 1t is fbrned
Factors such as the afbrementloned ones were taken into

=,con51dcrat10n for the Qtudy of reductlon C)cllzatlon of several
: unsaturated kctones undertaken here. }h | .

Several attempts to synthes;&e tert1ary alcohols by 1ntra-
molecular CYCllZdtlon have been reported in the 11terature103

‘g these, the most succesqful is the electrochemlcal method

recently reported by Shono and Bhtan1114. One very 1nterest1ng-
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aspect of this method is the remarkable stereoselectivity observed.

For example enone 9 was shown to undergo cycllzatlon to afford

exclu51ve1y, 66% 'of the eis alcohol 10.
— N a

o

o

\: . , .
Furthermore ‘the cﬂs 51x membered ring alcohol 12 was

' formed in 50% accompanled by .10% of the uncyc11zedtalcohol when

the unsaturated ketone 11 was subJected to electroly51s

L
[ A

An attempt to cycllze the enone 13 proved to be unsuccessful

and only reduced ketone 14 was produced

The cyc11c tertlary alcohols obtalned above by reductive
cycllzatlon are rather s1mp1e mol@eules and can. be rcadlly

\
synthesized by other routes Neverthelcss, when'thesevtertlary
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alcohol//of a 51m11ar structural type are present as @runlt in
ccﬁpllcated mlecules (1, e., some natural pmducts) tiib\synthesm
of such systems poses a serious challenge This is espec1a11y '
true when the hydroxyl group is at a bridgehead position ;
Recently a great deal in 1nterest has been devoted to the ) |
synthes1s ef glbberelllc acid 15 ~ One of the more 1nterest1n§“
;"Ehallenges in such a synthe51s is the constructlon of the »
1- hydroxy 7—methy1eneb1C)clo(3 2.1)octane rlng system (C-D rlngs)
This unusual feature of an exocycllc methvlene adjacent to a

' brldgehead hydroxyl group makes th1s system espec1a11y unstable

~since.it undergoes réarrangement to-the 1somer1C'ketone in the

presence of acidsllS,
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The f1rst approach to the construction of a ;odcl of thc
C-D rlngs of g1bbcr1111c ac1d was reported by Stork and co—~
5'worker511v. 7 | ‘ ,
- It was shown that the'y—cehanI ketone 16 upon trecatment
with 11th1um in 11qu1d ammonia affordcd c a. 50 ylcld of thc
cycllc allyllc alcohol 17. However this compound could not

be isolated in pure form due to the presence ofvreduction

products.f\\ R ,

A more favorablc case, 18, where the propargyl group was_in
a 1 ,3-axial- p051t10n to ﬁhe carbonyl group, produced-. ca. SO°

yield of the tr1cyc11c alcohol }g.upon.reductlvc cycllzation.

—
-
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Although these results were encouraglng, the system studled
- was ndt entlrely representat1ve because the ring. Junct1on was
tzuns, ‘thus maklng the approach to the two unsaturated centers
more favorable.

An attempt to cyc11ze 20, ‘a more reallstlc model

in connection with gibberellic acid synthesis, resulted in low
Jn _

g{yields of the cyclized product 21. This was probably due to the

pfodominant equatorial conformation of the propargyl group.

'Recently; the sameapproach has been utiliicd by Lﬁller117
for the synthesis of the tTlC}CllC model 23 by reductive cycllz-

atlon of 22 with 11th1um in 11qu1d ammonla

Y

23

Compound 23 was produced in 50% y1e1d accompan1ed by reductlon

hproducts. However, the stereochemlstry of the ring fu51on of either
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22 or ﬁ was not. proven ‘to be cis. Thi's point has considerable
- importance in l'ight of the results .reported by Stork and ’
ce\vbrkers 116, since a *-ans ﬁmmn in 22 would place the pro-
pargyhc group in an axial p051t10n favorlng cyclization. ‘
Several new approaches to the synthe51s of the b1cyc10(3 2. 1)
System present in g1bbere111c ac1d have been reported recently

- Especially mterestmg is the reductive cycllzatlon of sub-
- strates such as 24 utilizing d1buty1copper 11th1um118. |

~ One of the drawbacks of this approach is the requirement of
very carefully controlled cond1t10ns smce s1de reactions (such
as the- (}plmg -of the cuprate w1th the wvinyl br0m1de port1on)
are also p0551b1e '

Corey and coworkers report:ed the construction of the tr1cyc11c

compound 25 by means of the pmacol cychzatlon119
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Another interesting sequence of react1ons wh1ch led to the _
‘synthes1s of the model, 1- hydroxy 7 methylene-blcyclo(S 2 1)octane
system 26 was described by Z1eg1er and Kloek . The: steps are
deplcted below. T |
CH 180
.25;'_ R

1. LiAIH, N
. 4 /-’\“

24TsCl, Py

Several other approachesoto the blcyclooctane system have
lbeen developed by the groups of Houselzoand Ireland121.> HoweVer,
. these approaches all 1nvolve mu1t1 step procedures | |
Recently the successful reductlve cycllzatlon of several
unsaturated ketones by electron transfer reagents has been
accompllshed in. our laboratorles A var1ety of flve membered
' r1ng tertiary alcohols were synthe51zed by thls method however
the p0551b111ty of formang 51x membered ring tert1ary alcohols
was not examlned Also as in the electrolyt1c work of Shono and
B Mltanilld, attempted rad1cal anion promoted cyc11zat10n 'of f("'

5- hexen-2- one resultec ir. the exc1u51 o ormat1on of 5- hexen 2 ol.

' N .
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The purpose of the research undertaken here was to 1nnest—
igate the fe351b111ty of extendlng the scope of the reactions to
the sxnthe51s of 51x membered rlng ‘alcohols. \Also a relnvest-_

1gat10n of the CYCllZ&thn of 8- Vlnyl ketones was undertaken
"In add1t10n the possibility of fbrmlng a b1cyc11c system 51m11ar
. to the one. Ppresent (C-D r1ng) in g1bbere111c ac1d ut11121ng

—

reductive cyclization was investigated.

e

I
Ve

-
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. The research was initiated w1th the s dy of the fonnatlon

of six membered rmg tert1ary alcohols ~ Th substrate chosen

_' for thlS purpose mas 7-octen-2-one. This compound was prepared
by the coupllng ‘Teaction betweeri the: 1pdoketal 27 w1th the

allylhthlum -TMEDA complex followed by hydrolys1s The synthe515' -
of the allylllthlun msm complex was carrled out by the d1rect
metalatmn of propylene/ with n- butylhthl in _the:presence of

e 122

+ m-Buli = C-H,=C H-C-H,Li*TMEDA

C HSC-}!=C-H2

»

H2c=c-Hc-§12Li-n£m +

In order to compare the cychzatlon products w1th authentlc
sanples, cis. and tmns 1 delmethylcyclohexanol were synthe51zed

The reaction bctweeh mthylmagne51mn 1od1dc and Z-methylcyclo—
g

hexanone afforded a mxture of the cis and trans: alcolgols in a

ratio of c a 20 80 respectlvely 'I'he trans isomer was obtalrged ,
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as a pure canpomd by pmparative glc. The mixture of cis _.and ‘
trans alcohol was dehydrated utilizing phosphorlc acid; {
1,2- dmlethylcyclohexene was obtamed as the maJor product : ’k;\,
(> 95% pure)

- 20:80

Hydroboratmn of the olefm mixture followed by an ox1dat1ve
work -up resulted inthe formatlcin of the e¢is alcohol e 979 pure

by glc) An analytlcal sample was 1solated by preparatlve glc

»

Aé ‘an 'explor'atop" experiment -the cyclization 'of' ‘7-octene-2-one
, .was carried out under' the same optlmum conditions ut1112ed for ‘the
cychzatlon of 6- heptene 2- -one. These condltlons mvolved usmg :
sod1um—b1pheny1 (6 and 3 equ1valents respectlvely) as the electron :

transfer reagent and water (1.2 equwalents) as the "'ton source - '

in dlmethoxyethane as the solvent The sodrum blphenyl rad1ca1
anion was ‘not preformed but mstead ‘was used m an in situ

"pmcedure 'Ihat is, a solutlon of blphenyl 1n IME at 35 to 40 ‘
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%% L.
was treated w1th sod1um shavings, and once the surface of 'sodium
became blue a solutlon of the enone and water 1n INE was added
‘at a rate to malnta1n the blue colorat1on on the surface of the

sodlum This techn1que presumably assures the presence of rad1ca1

" anion in low concentration.. It was observed that after 1.5 ‘hours

the mixture stayed permanently blue. After an add1t1onal 30 min-

utes the m1xture was quenched and analyzed by glc. The czs‘and

trans 1,2- d1methy1cyclohexanols were fbrmed in a rat1o of 3 1
respectlvely, however more than’ 40 of start1ng mater1a1 remalned

It was flnally found that 3 equ1va1ents of water were

necessary to drive the reactlon to complet1on This resulted in

-:the fbrmat1on of 54g of eis alcohol and 13% of the trans carb1nol

In addition, S% of the reduced ketone, 7- hexen 2-0l1; /was produced

54 133

The poss1b111ty of increasing the y1e1ds was examlned utlllg
1ng sodium tr1mes1tylboron (Na- TMB) instead of sodium- b1phen)1 as
the electron transfer reagcnt Also water was replaced by
t= butyl alcohol as the ‘proton source. The reaction w1th 5- -octen-
2 -one proved very slou and although small amounts of cis and trans
cyclized alcohols were formed shortly after addltlon of the enone

- the format1on of 7- -octen-2- ol was 1ncrea51ng steadlly (as
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monitored by glc). At the end of the react1on more than 909

of the uncyclized alcohol was produced, in m3grked contrast with

the results obtamed with sodium-biphenyl and water,

>90%

As a matter of comparlson Stork's method 116for the cychz—-
i
atlon of A alkyhyl l\etones utlllzmg 11th1um in. 11qu1d ammonia in

the presence of\ ammonium sulphate, was utilized w1th 7-octen- 2 -one.
After six hours; gﬁ&analysm of the mlxture showed the followmg
product dlstnbutlon 7 0/:4:1 (52%), eis and trans-1,2-
dlnnethylcyclohe?canel (2_80 and 6%, respectively), 7—octen-2-one

© (< 5%), and 2-dctanol (c a. 5%).

h 65 <58

In hght of these results 1t is tlear that the sodnm-
b1pheny1 method offers a clear advantage over the lithium in e
ammonia procedur. for reductive cyc11zat10ns to cyclohexanol"
dériyatives. o | " g g
. . I . s -

- It has been ,obse‘rv‘ed by’ Shono and Mitani 1_14, and also in
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our laboratorles that acycllc B olefinic ketones, such as

Srhexen 2 -one, undergo reduction upon electroly51s or treatment

with electron transfer reagents.

In an attempt to establish if .2 B-vinylcyclohexanone deriva-
~ tive could cycllze attempted Cyclization of enone 28 was

103 .
examined . in our laboratorles . However this experiment

'resulted in the exc1u51ve formatlon of the 1somer1c alcohols 29

NS

and np b1cyc11c alcohol could be 1solated.

Nevertheless, it can be argued that the presence of the.

bax1a1 methyl group 1n ketone 28 produces a 1 3 -axial 1nteract1on»
’M

which hinders the approach of the vinyl group to the carbonyl

GE
LS.
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K4

- To test this possib‘ility, the unfavorable 1,3-axial inter-

action was removed by the preparatlon of enone 30 (by 1, 4—_. 5{

AV

zmdd1tmrnl23 4 of the dlvmylcopper 11th1um hexamethylphosphoroué’

trlaxnlde complex to 3- methyl -2- cyclohexenone ) .

0

Licu(c HeC Hz) - (P-(N(C H3) 2) 3)

The ketone 30 was subJected to a vanety of reaction cond1t10ns
such as? sod.11m1-b1pheny1/water sodnm-blphenyl/t butyl alcohol
E sodlum—TMB/t butyl alcohol etc. . ~In all cases complex mlxtutes
were formed and no blcycllc alcohol could be isolated. In v1ew .
of ‘the complexity of thls system thls reactlon was not further
explored The lack of success in the cychzatlon of ‘such B -vinyl
ketones may be a consequence of the unfavorable geometry of these
,Systens - Although models of these systems 1nd1cate that. the ter-
m1na1 carbon of the vinyl group and” the carbonyl carbon can
_ appmach the range of bondlng distances, nonetheless, the p orblt-
als of ‘these centers are norn- parallel (which would be requlred for
-maximum favorable overlap).- ' ‘ _
Fmally, in oonn/ectlon with gibberelltic acid, the poss1b111ty
of preparmg a hodel of the C-D unit of thlS natural product
' .namely, 1- hydroxy—7 methylene b1cyc10(3 2.1) octane 26 was con51dered

-
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The f1nd1ng ‘that S and 6 membered rlngs can be readily
prepared by reductive cycllzatlon of y- ethynylketones and
8- allenylketones 103 suggested ‘two. potentlal precursors for

the synthe51s of 26

Attent1on was f1rst fbcused on the Qynthe51s of the allenyl-

ketone 32 Having alread) synthe51zed ketone 28, it was dcc1ded

to f1rst explorc the p0551b111ty of preparing 8- -allenic ketone 34.

;,By analogy with the synthesls of 5 ,6- heptad1en- -one 10% the 5

preparatlon of compound 34 was approached_as deplcted 1n Scheme I

L



Compound 28 was readlly ketalized u31ng ethylene glycol and -

p- toluensulphonlc ac1d to produce the olef1n1c ketal 33 in high
' y1e1d However, attempts at preparlng the d1bromocyc10propane

unit by treatment of 33 with ‘bromoform and>pota551um t- butox1de
| in pentane resulted 1n > 90% recovery of startlng material. In
- view of this result the synthe51s of allenlc ketone was replanned
~ by a procedure 51m11ar to the one reported by Thompson 25 to
'1ntroduce an allenlc group at the brldgehead Scheme I1 indicates

the steps.
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Dlsapp01nt1ngly, ozonoly51s of 33 was found to be complex
Ut11121ng solvents such as pentane methanol or methylene ‘
’ chlorlde and carrylng out the decamposition of the ozon1de with
| dlmethylsulflde these reactlons 1nvar1ab1y afforded mlxtures of
' products resultlng from transketalization. | il
" As'a consequence a relnvestlgatlon of the 1 4 -addition of
a propargyl wnit to cyclohexenone as descrlbed prev1ously (Chapter
I) was undertaken | |
Organocuprates are select1ve-reagents fbr the conJugate
add1t10n of alkyl, v1ny1 allyl, and aryl groups to unsaturated
ketoneleG; Nevertheless desplte several attempts the conjugate ‘
addltlon of a propargyl group has not yet proven successful

The reactlon between cycdphexenone and the Grlgnard reagent

| derlved from prdpargy%ggtb

n‘{ "-9.4

Sn the presence of one equ1va1ent

}\! Q“

of Cuprous iodide resulte@%§ﬁ§§he exc1u51ve formation of the

1,2-addition product.‘ A 51ﬁ

<

-.result was obtained when zinc
Q@ .

- instead of magnesium was used.

-+ H,C=C=C-HMgBr ' ;K) Il

The observatlons descrmbed above (Chapter I) ut111t1ng the
""propargylatlng reagent" and c%prous 1od1de represent the first '
| example of the successful 1,4- addltlon of a propargyl group to an

¢
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unsaturated ketone. At the cutset of the re1nvest1gat1on of this

: react1gn, results were d1ff1cult.to reproduce For example, if

the mixture of allene and n-buty111th1um in ether: exane (1:1)

'(after heing warnmd’to -200),was'stirred for ohe hour, sequential

treatment with cuprous iodide and cyclohexenone produced

exclus1ve1y the 1,2- add1t1on product However 1f the mlxture

‘was warmed to -20° , stirred for c a. 15 m1nutes then treated

<w1th cuprous 1od1de followed by ‘cyclohexenone, three products

f, were: obtalned - 3- butylcyclohexanone as the major component ,

3
~in part also rearranges to propynyllithium.

‘ -
©y
Q .

3-(2- propynyl)cyclohexanone the desired substrate and 1-(2-pro- -

pynyl) -2- cyclohexene 1-0l, the 1,2 addition product.

e ‘ - Gy

If it is assumed that the 1,4-addition product resu1t1ng from '

“the mlgratlon of the propargyl group arises, frai the cuprate | .rom

7
1nteract10n of allenylllthlum and cuprous 1od1de) “hese observ-

ations can be rat10nal1zed on the ba51s of the dic -oportionation
of a11eny111th1um Presumably, under the first set of condltlons

(i.e., after stirring fbr one hour) the propargylatlng reagent

undergoes dlsproportlonatlon to the d111th1um salt, C3H2L12, ‘and

ot

- € Hy=C=C-HLi - Gl v CHCCL

1

- .

o
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Thus, no migration of the propargyl group is observed. If
the . propargylating misture is stirred for too short a perlod of
time (Z.e., allene metalation is incomplete) the unreacted _
n-butyllithium can give rise to, the formation of 3- butylcycio-h,
hexanone, (presumably via the n- butylcuprate‘complex)

By manipulating these conditions, it was ultlmately found
that the best yield of 3- (Z—propynyl)cyclohexanone was ca. 30%.

/Th’ pure y- ethynyl ketone was separated by column chromatography
over. alumlna
~— .
To Cyclize this ketone the optlmum condltlons fbund in our

:

'laborator1es for the cycllzataon of 6- heptyn 2-one were 1n1t1a11y
vemployed
Reactlon of 3- (2-propyny1)cyclohexanone w1th sod1um-b1pheny1

' generated in sztu in the presence of water (2 equ1va1ents) resulted
in the formatlon of the de51red cyc11zed product. However c a.
40% of the startlng ketone was ‘also detested by glc Attempts to
’purlfy the cyclized product, were unfrultful due to the presence

of by products with very. similar glc retentlon t1mes When the
reactlon was carried out in the presence of 3 or 4‘equiVa1ents of
water,’the proportion of~by-pr0dUCts increased " When the proton
source was changed to - t—butyl alcohol, the maln product was the
51mp1e reduction product the uncyc11zed alcohol In all the |

hv aforementloned experlments the 1solated cyclazed product was con--

fnated by aromatlc compouncs (by nmr) probably arising from

"uctlon of wrphenyl ~ Thus, 1t was dec1ded to explore the

use of sodlum TMB 51nce this electron transfer reagent is .

‘I'“
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reasonably stable‘towards proton'SOureee
In an exploratory Tun ut11121ng Na-TMB at 0° 1n the pres;nce
of z- butyl alcohol (2 equ1valents) 40 of the cyc11zed alcohol
was produced; nevertheless ‘the’ reaction was”incomplete' However,
when a large excess of-%-butyl alcohol was used (10 equlvalents), _
after four hours, 55% of the cycllzed product was present Work-vw
- up of the reactlon mlxture after seven hours afforded 77“ (glc) |
y1e1d of 1 hydroxy 7- methylene b1cyc10(3 2. l)octane wh1ch,was

»_1solated 1n 65% ( > 95% pure by glc) .-

&

. _ T t 65% lsolated
. Itis worthwh11e mentlonlng ‘that although on}y one of the
.\.»‘v conformers (presumably the less stable) of the y ethynyl ketone
| can: undergo cycllzatlon hlgh ylelds of eycllzed product were .

: Ry S :
obtalned , 4 o N T I




gibberellic acid. synthe51s T e
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In cen-iusion, the scope‘of the reduct1Ve cycllzat1on of

\unsaturated ketones: ut1l121ng electron transfer reagents was

_extended to the synthe51s of six membered ring tertlary alcohols

Also the versatility of one of the cycl1zatlon reactlons was
demonstrated in the synthe51s of a structurally complex molecule

namely, 1- hydroxy 7- methylene b1cyclo(3 2. l)ocf;ne; a model for .h)

o4 .
e

" The use of the cycl1zat10n reactlon in concert w1th the

novel 1 »4- add1t10n of a propargyl group . to an unsaturated ketone

_ allowed the preparation of the above ment1oned b1cyclo compound

~in two steps from 2- cyclohexenone f co e

.
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“General «Considerations

v
g

\\ o ths spectra were recorded at 70 ev. on an AEI Model MS-9
Spectrometer Spectral data are expressed 1n the following '
manner: m/e: peak mass (relative 1nten51ty)

Infrared/spectra (1r) were recorded u51ng a Unicam SP 1000
Infrared Spectrophotometer Proton nuclear magnetlc resonance
(nmr) spectra were recorded on a Var1an A- 60 or HR- 100 Spectro—

1 l meter  Unless otherw1se stated, carbon tenrachlorlde was B

“'7 employed as tPe solvent and chemical shlfts are reported 1n 8

@yalues The fo110w1ng abbreviations are used in the text: s =

:.s1nglet d = doublet, t = tr1p1et q = quartet and m = multlplet

The C nmr spectra were determined using a Bruker HFX-90

speCtrometer._ Gas chromatographic (glc).analyses»were performed
osing a.Varian.Aerograph_Seriesr1200 versos'a~reference solution-

."'of the authentic campounds or-utilizing an internallstandard
(n-butylbenzene) . | |

All the react1ons were carrled‘out under an. atmospherc of

oxygen- free n1trogen24i(”s

Preparation of Radical Anion Solutions
e .

B1pheny1 was crystalllzed from methanol and dried over PZO5

Trlme51tylboron was’ pur1f1cd by pass1ng a solut1on of _this
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compound in benzene though a short colﬁn of alumina or silica

gel and the solvent ehmmated in vacuo. Dlmethoxyethane (DME)

" was freshly d1_st111ed prior to use from sodiun-benzophencne ketyl.
“ N u : I .‘ . T . .

L

Sodium Trimesitylboron

A'solution of frunemtylbomn (one equlvalent) in IME was

: treated with sodium shavings (two equivalents). The - solution

was st1rred for three hours at amblent tempelature (glass

¥

coated st1rr1ng bar).

Synthesis of 7-Octen-2-one |

-'0}':",‘1-

To a cooled (- 500) hexane soalu:tlon of n- butylhthlum (21.3
ml, 33mmo1e 1. SSM) in 10 ml ofether 'IMEDA (3. 83g, 49m1
33 nmnole) in 10 ml of ether was added dropmse The mixture was
cooled to -78° and propylene (6.93 g, 11 55 ml, 165 mnole) was
d15t111ed 1nto the flasl\ Then the bath was remved. The
contents of Dry-Ice condenser-\(;ere allowed to evaporate overni-'ght—

after which 3 prec1p1tate had formed The mixture was cooled to .

—78 and a.solution df the eth)lenc ketal of 5- 1odo Z-pentanone

(3.5 g, 13.7 mnole) 1h 20 ml of ether was added (30 mmutes)

g followed by slow wammg to room temperature and st1rr1ng for two

hours. The mixture was poured into 1ce-\~atcr and saturated \\lth

"~ NaCl. The aqueous layer was extractcd with. -ether, the orgamc

layers conbmed and washed with brme and dned over NaZSO _ The
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solvent was removed at atmospheric pressv.Jxremand the res1due was
refluxed in a mxture of methanol (10 ml) and water (10 ml)  in
the presence of one drop of concentrated hydrochlorlc ac1d for one

hour. 'I'he mixture was poured into water and extracted with
| pentane. The organ1c layer was washed three t1mes w1th water and
brine D15t1113t1on of the dried (Na2 4) concentrated re51due
afforded 1.0 g (643) of 7-octen-2-one, bp 69-70 /15 m (1it 122
70-71°/15 m_n), 1dent1ca1 in all respects (nmr and ir) with an
authentic sample’.-' B

"o

Reaction between Methylmagnesium Iodide and .Z-thh)fISyCIohexanme-

- | A solutlon of 2—methy1cyclohexanone (22. 4 g, 0.2 mole) 1n

100 ml of ether was added to.a solution of methylmagnesium 1od1de )
1n ether (O 25 mole 500 ml, 0.5M, prepargd by the mtcraCtmn

of 35 4 g/0.25 mole of methyl iodide and 16 5 g, (0. 3 g atcm), of
magxesmm) keeplng the temperature below S The mixture was
brought to room temperature and poured into a mixture of ice and
10% hydrochlorlc ac1d “The aqueous layer was extracted w1th ether,
" the organic layers were ca%med and washed succe551ve1y with

5% hydrochloric acid, water and brme 'I‘he dr1ed (“la2 4) con-
centrated re51due was dlst111ed under vacuum to prov1de 22 82 g
(89%) of an 1saner1c mixture of eis and trans-1,2- d1methy1cyclo—
hexanol ( s tmns 20:80) . Preparatlve glc (109 Carbowax ZOM)
afforded’ analytlcal samplé of the tmns isomer, nZO 1. 4611

D
20

D C-H

(it %0 ;205 4590); nnr: 6 1.15 (s 31{) C H3
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‘,Dehxdration'of cts_and trane-l,Zidimethylczclohexapol
A mixture of eis andltr -1’2 dinethylcyclobexanols t )
obta1ned above (10 g, 0.78 mole) and 2.5 ml of 855 H3P04 was _ 'g
;dlstllled and the fract1on bo111ng below 145° was collected
The distillate was washed with water and dr1ed over CaCl2
.D15tlllat1‘on of 130-131%/700 mn (1it. %0 bp 135-136%/760 mm)

afforded 7.75 g (91% ) of 1,2- d1methy1 -1- cyclohexene contagﬁgng
C a. 59 of 1 2 -dimethyl-2- cyclohexene nmr: 5 1.55 (broad
v51ng1et) —C C H3, 0.98 (d J =6 Hz) C H- C H (1mpur1tv)

,:SYnthesis_of'cis-l,Z-dimetbylcyclohexanol'

. TO a cooled (50) solut1on of 5.5 g (50 nmole) of the olefinic

kfi#e obtalned above in SO ml of THF was added a solution. |
lo¥ﬂd1borane 1n THF (50 ml 50 mmole llD The temperature was
“allowed to rlse to 25 and the solut1on was st1rred overnlght
_Water (5 ml) was added (0 ) to destroy the excess of diborane.
'Then 3 N NaOH (15 ml) was added followed by the dropwise addltlon
292> keeplng the temperature between 30 and 40°
bAfter st1rr1ng the mixture at 45° for 30 m1nutes, it was poured
into water and saturated w1th NaCl. Extractlon w1th ether and’
e11m1nat10n of solvent from the dried (Na 504) extract. afforded
a residue whlch was fract1onally d1st111ed to. prov1de 4 88 g (76°)
of a clear liquil, bp 99-100°/50 mn (1it. 9 bp 82.8°725 m),

_consisting of more than 97% of cis-1,2-dimethylcyc1ohexanol. An

-~
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analyt1ca1 sample was collected by prepsatlve glc git’: 5 ov

1ip, 60 20 & A R
20M); n» D 1.4647 (1it. D ~1. 4625), mmr: 8 1.05 (s, 3H)~ ol ey
C HoC-CH: | | Co e

. Reaction between 7—(§cteg-2—one and Sodimn;Biphenyl;“;.G)fornled in sitw)

¥

To a cooled ( -35° to -40 ) solut1on of b1pheny1 (0.462 é,
3.0 mmole) in 15 ml of DME, sodium shavmgs (0. 138 g, 6.0 mg atoms)
were added. Inmedlately after the blue color appeared on the
surface of the sod_1um, a solution of 7- octen 2-one (0. 126 g,
1 mrple) and water (0. 054 g, 3.0 nmole) in 5 ml of IME was added
dropw1$e durlng one hour After stirring for 2.5 hours, the
mixture tumed blue After 30 mlnutes of add1t1ona1 st1rr1ng the
reactlon was quencheti by adding 3 ml of saturated N H,C1 to

4
destroy the excess of sodium. - Brine (10 ml) was. added and the

" layers separated The aqueous layer was extracted with ether (3

- times). ; The organic phases were comblned washed w1th brine and

dried over NaZSO4 A welghed amount of internal standard was

_ added to the solut1on and it was analyzed by glc (10% 8,B-oxydi-

pr0p10n1tr11e). cig-1,2- Dlmethylcyclohexanol and the trans 1somer :

- were produced - in 54% and 13% yield, respect1ve1y Also, the

fonnatlon of 7-octen-2-o0l was detected (canpared w1th an authentlc
sample prepared by reduct1on of 7-octen- 2 one w1th NaBH4). 'I'he

three alcohols were characterlzed by peak enhancement and glc

mass spectral ana1y51s ‘
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Reactlon between 7-Octen-2-one mth Sod1um Tr1me51ty1boron ('IMB)
v

~ in_the Presence of t-Butyl Alcohol
0,

_ To a cooled (0 ) solutlon of sodium- TMB in 15 ml of DME
(prepared from 0.552 g (1. 5 nmole) of TMB and 0.069 g (3 mg-atom)
~of sodlum), t-butyl alcohol (0.111 g, 1.5 mole) was added followed
by the dropwise addition of 7-octen-2-one (63 mg, 0.5 mmole) in
3 ml -of DIME. The mucture was stlrred for 4 h@urs at 0° , then over-
n1ght at room temperature Work -up as descr1b0ed above and analy51s
by glc revealed the formation of 90° of 7 -octen-2- ol (character- '

ized by peak enhancement and glc mass spectral analysis). J

. Reaction between 7-Octen-2-one and L1th1um in Liquid. Ammoma in

-the Presence of Amnomum Sulphate

To a st1rred m1xture of (NH4) (264 mg, 2 mmole) and
11qu1d armnoma (20 ml, distilled tw1ce from sodium), a solution _
of 7-octen—2—one in THF (20 ml) was added dropmse The adnuxture ‘
"of 11th1um shavmgs (35 mg, 5 mg- atom) resulted in the 1nmed1ate -
fonnatmn of qkblue solution. , After six hours the mixture was
‘quenched and worked up in the. usual way. Analy51s by glc (exter-
."nal standard) and charactenzatmn by glc mass spectral revealed
the presence of abs and trans-1,2- dlmethylcyclohewcanol in 28%"and -

6% ylelds respectlvely, 7-octen-2- one, less than 5% 7—octen-2—ol,

52%; 2 -octanol, 5% (base peak at m/e = 45).
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Synthesis of 3- (2 -progynyl) cyclohexanone

O

To a cooled (- 600) solution of allene (6.0 ml ‘c.a. 100 mnole)/ :

in ethyl ether (50 ml) was added 53 ml of a 1.52M hexane solution
of n-butylhthlum (80 mmole) during 30 mnutes | 'I‘he ‘mixture was
allowed to warm slowly. At -20° a whlte precipitate formed.
Stu'rmg was continued for 15 nunutes and the mlxture was cooled
to -50°. Cuprous 1od1de (7.6 g, 40 mmole) was added and the -
temperature was slowly mcreased to -30°. After st1rr1ng for 10
mnutes the mixture was cooled to -78° and 2- -cyclohexenone

(2.0 g, 20.8 nmole) in 20 ml of ether was added over 45 mmutes

The reactlon mncture was r 1nto a stirred ice- cooled solutlon

of 5% hydrochloric ac1d and filtered through ce11te ~ The aqueous g ‘

rhase was extracted w1th ether and the organic layers Cambined.
Remo.. ~f the solvent from the dr1ed (Na‘2 4) extract afforded
a residue  *ich was chromatographed over alumina (200 g) usmg
ether as elc Jlt, The.flrst fractwns contained mixtu:res of
3-butylcyclol xanone and 3- (2-propynyl) - 2 cyclohexen 1-01
3-(2-propyny  cyclohexanone was 1solated as a pure canpound (280
mg, 103 y:- 'd) by bulb to bulb d15t111at10n at 120 /5 mm; #20

n

D o
1.4834;  _: §1.0-2.6 (broad miltiplet); 3¢ nor: ppm (relatlve
LY. 210,71 (c=0) 81.36 (c:c-H) 70.43 (c:c H) 47.01, a. 07' |

5,79 (CH), 30.33, 25.42, 24.81; ir (liquid film): 3280 (=C- ),
2120 (€z0), 1720 @’ (c=0), mass  spectrum m/e:: 7 136.0887 (Calcd ’

~ for cgnlzo: 136.0888), 136(25), 121(7), 108(15) 97(100) 93(20),

.79(25), 69(45) 55(55), 41(85) :39(37). Anal Caled: C, 79. 37 H, 8.88.

-

/
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Fawmd : C, 79.30; H, 9.03.

[

Reacc .a of 3- (Z-Propynyl)cyclohexanone mth Sodium Tr1me51ty1—

-

boron in the presence of t-Butyl Alcohol. Synthesis jfof

1-Hydroxy- 7-methylene B1cyc10(3.2.1)octane

To a cooled 0% solhtion of sodium-TMB (from 1.104 g, 3

~.mmole of TMB and 138 mg, 6 mg-atom of sodium) contamlng

t-butyl alcohol (740 mg, 10 mnole) in IME (30 ml) , a solution
of 3- (Z-propynyl)cyclohexanone (136 mg, 1 mnole) in IMS (5 ml)
“was added over 30 minutes and stlrred for-7 hours. Work—up

as described above afforded aj: re51due which was dissolved

| in the num.mum a?unt of benzene and chromatographed over alumlna v

., (30 g, act1V1ty III) Elutmn \\gtl{ ’Skelly B afforded a

quantltatwe recovery of 'I)B Increasmg the polarlty by 151ng

: Skelly B/ether (3*1) pmduced 95 mg (69%, 77‘z yield determmed

- by glc fram the omgmal solutlon of the reactlon mlxture utlhz-_.

1ng 10% Carbg;&x 20M as the cohmn) The compomd was shown to
be > 95% pure by glc, and 1dent1ca1 (ir and nmr) w1th an authentic
sanplen??\Nmr '6494 and 4.77 (m m “1H, 1H) C—CH2,238 (s
1H) 0@., 13¢ nmr:  ppm (relatlve to T™5) 115.07 (c—c H,), j)a 47
(GC 2), 79 68 (C (H}\ 46. 61 40.62, 35.49, 31 72 30. 53 0.23;

ir (liquid fllm) 3360 ((H) 3080, 1668 and 892 (C‘C HZ) 1130
(R3C(]i).
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Synthesis of" 3—Methy1~3— inylcyclohexansne

To a stirred suspension of 'aiprous iodide (22.85 g,

12 mmole) in 100 ml of tetrahydrofuran, hexamethylphosphorws

&de (44 ml 39.19 g, 240 mnole) was added. dropmse
.keeplng ie temperature below 25 by means of a water bath
The mixture was cooled to -78° (crystalhzatmn of Cuprous ©
1odine-phosphine ccmplex occurred) and a solutlon of ‘
vmylhthlum in THF (77. 4 ml, 240 nmole 3. lM) was added " y
durmg one hour. At t}us temperature 3-methyl-2- cyclohexenone :
(6.6 g, 60 mmole) dlssolved*m m;‘ml of THF was added drop-
- wise over one hour. The nuxture was poured into saturated
NH,C1,  filtered through celite and‘the solvent removed in
3 bacuo. 'I‘he remdww dissolved in ether and the solution
: washed with watei? ’éisz flz i and’ wNaCI saturated solution. The
;"drled extract m%tZBO ua,s concentrated at atmospherlc pressure
Fractm)z{ dlsuuaum afforded 4. % g c‘soz) bp 77-78%/10 m
Cof 3—methy1 3- vmylcyclohexanone, "D 1. 4668, 1r (11qu1d f11m)
1710, (C=0), 990, 910 (C H-C Hy; nmr: §.5.5:6.0 (m, 1) C #=C Hy,
47852(m ZH)CH—CH,ZIZS(m,dH)CHZ-C=OCH2,1521
h_"»(m 4H) C H ,C HZ, 1.1 (s 3H) CH3, mass spectni;:m/e 138 1045 o
" (caled. for CgH,40:  138.1057), 138(72), 123(45) 95(75) 81(75), |
| 45(55) AnaZ Cach for C9H140 C, 77 87 H 11. 76 Found - C,

7815H1163 o

“
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