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.. ) . ooy .- " . e
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NTRUDUCTIOh . ﬁ)/\’
The conversion of, a- ketexime 1 toa éecongéry amide 2

by, an aci&{c'reagent? a reaction first reported'by Beck-

’ ‘ o mann' in 1886, 1is known as the Beckmann‘rearrangement.

N

n

RPN TP ; . ..
o acydlc‘reagent‘ R'—d-NH—R'

-y

l—l
= -
'
IOY
.

4

The reaction has since been éxtensive]y investidated

. and several reviews on the topic are avaﬂab]e.2 8.- T
v v .
The usefuﬂness of the react1on as a'diagnostic tool

W am wr g e a

for the configuratjon of the geometrlcaIIy isomeric
ketoximes 11es dn the, fact that the group anti to the

o hdeoxy] function (i.e. the group situated- trans with .

respect to the OH group in 1 ) m1grates preferentia]lyg ‘ -

. @

G

f 2" The acidie heagent transform; the hydrokyllgroup
* P of the oxime into a. good leaving group. When - an

. , 'Y .
e]ectron-defiqieﬁt;nftrogen is generated by deni;ture

. of the 1eaving group ( i.e. -0A in 3 ) the group trans

* s
, &
T T T

1 to- the Teaving.group ( i.e; Bdf*e]kyl, aryl ) migrates /

to tha‘~nitrogen with ‘a pair of\electrons to relieve
.‘ '- \\ . N N N

“t &\
:

-

+ * A} '
- . e
S i
- “ o AR ST o e 2 3o v
v i
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are generally nitriles, olefins, 51§ohdls and/or chloride;

9, .

al‘\.

a

.

\

~ [ “ » / ' '
i \ - N s ’ '
1 s 2' \ 1 4 ) -
a < . N
) 3
- l - e ‘
; . R\’-\ Ro.o L ‘
.o LN - A . v _ :
. ’ ’ L R C0A —— —-N\, o L «R\-C:N_R ] ‘ ) .
: o . 4 \d, : . . 3 R| . . .OA - : . .
‘ S — , _
, 3 -4 R ' ¢
, - w L _" -
y ; , , ~ M L '
the-electron-deficiency on this atom,. .The.migratipn
- hus involves a 1,2-shift from carbon to nitrogen., The '
- rearrangement is postulgted to procée¢ intrdmolecd1ar1y" ‘
! . \
=" in a concerted manneér through a iransjtion state 4 to
IR R give an intermediate 5 - which subsequently produces the J R
Yy amide 2 upon hydrolysis. - If the migrating group is
' T S - Y '
8§ ~bonded system ( i.e. R.= Ph or a double bond )
. R . , : o ‘ ‘ . A
. . transition stat%§ of the type_§_]0 and 1]] can be .
envisdged, - '
« . v ‘ . g ¢ . > T - \
- . . ! s R . v ’ :
[ . {
0 + , T
| | S R v , ;
s ) ' ' ’ “ L ) ‘IC!\ . )
} ) . v 'l;.: \‘\ ) " ‘ -»"I+ “\ ’ - :l:'x
i’ 1l :C: N’~ - -C N‘~ v .
-, [ A" | | N -
0. . ‘1' ’ ' . . : 4
6 Phenontum ion . Y AR . v
¢ ‘. L ( - X ’ K ) . " {l .
"‘. . -"' . v ./ - LN . . B : N " ? *
. H0W3V3£¢“{h5i§“are numerous instances in which . % N
oximtes’ under the ¢ ditions used for t ‘reaciion (i.e. g

— 2




. i.} R ‘which. resu1t from fragmentat1on of the oxime during the

-
-
T A i e R e e

L ' ) reactﬂon. Fhis sort of reaction ﬁas been -variously . .. ; j-
C . - 4 ‘ ‘ PO ’
o fefered to.as " abnormal Beckmann rearrangement e ’ —

I3

’ - "

second order Beckmann rearrangement " and " Beckmann ! .

o . 'fragMentat1on reapt1on "8. Im-this d1ssertat1on the,* \\

—_—

. ' - ]
termino1ogy " Beckmann fragmentat1on reaction " will T

be used to reﬁer to the react1ons Of the oximes result-
f

NN ing 1n products other than the expected amides or 1actams. ' L

r
:
. . . 3
. Lo * . , - s —
‘ N - -

N . <0A ) - . o .
: RI/C—N\OA v ey > [ R,+ ] + R'-C=N - L.
A S " fragmentation " e

. P 3
. i v .
L : 7 T ' .
- L . R
é ¢ . .
N ) - . N 3

. T L L a&kenes, halides,k
. . © .@&lcohols

A number,of’studies:bf the Beekmann reanfangement~ i

» of Ia,siunSatuiated oximes‘have been reported in tne - .:é
/ P ' ‘ Iiterature. "The OX1mes studied 1ncfude those in ﬂhich :' . ’Ei
‘ ' 'the o, B~ ethy]ehic bond was part of an acyclie¢ system . . .§~

as we11 as those in which it)was part of a cyclic §ystem. a L v

. " In most cases it was obaervéd that when the ethylenic-

P T

group was situated anti .to the .oximino hydroxyl group, . . e

~the double bond’ migrated to ﬁyrnish the expected amides '

b
-

or lactams.
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PR . - . . ) ‘w ‘ . . A 3
H
. One of the earheﬁ examp]es of an acychc a,B-blef1n1c ) ' i
. P

ketoxime subJected t&the Beckmann rearrangement was t'hg. R

3 . .
. / -~
.
. N R .
‘ . R - ~ - ol . . A\
v ’ . A ; ; ' . -
. ,
' . . . . . . :
' R ¢ . .

- - i o , A o .
\ . Ph-CH=CH-C-CH=CH-PH. PCI1 Ph-CH=CH-NH-C=CH=CH-Ph Co,
u . SSOH T T ~ B
i ' S SN - o c ’ Y L
S B TR | - -
‘ "\ » . ‘ ‘: , | /' , \) . . . ) \.
‘\ o oxime of dlbenzal;acetone ‘§_]2. k!nterhalt ‘§tud1ed a’ o
t v numbe’r of a,8- unsaturated acychc oximes 10 ( where R, R',
* ,' - /_\ .
! i ' \R" were a variety. of different groups } «and observed that
the a- unsubst1tuted and a- pheny] ox1me ( 10;°R'= Ph )
s »
' underwent the norma1 Beckmann rearrangement g1v1ng the ex-
P L pected “amxdes H, while’ ox1mes with- a- a1ky1 substituents'
l . 'l B . ,~ - " ' '
T \ ch 9 CoRT PC]'5~,'RCH ¢-NH-Co- R C
. L \ . ' — O ' ' U ’
| ‘ \ ' RN\OH > RY. ‘ o C .
‘ \ . \ ' ) - ; 2 ) " ' N ) \ ) ’ :
RN ‘ \ v - v .l.Q. c . u. * ) ’ v . .
. : gaye fragmentation products]3 ‘Fragmentation:was oBserved '
. : as the exclwswe resu]t in the reactwn of P(:]5 with. the 1
. . i ' . . .
2 xime,of 4- methyl 3- penten 2- one ( mes1ty1 ‘oxide ), ] 2M .
P | ' |
AS -,
§ o ¢ ) :
J - . CH3‘ Lo . .
: P»Cl5 .. “CH-CHO +. CHB-CEN ‘ -~
’: _—_‘-“"\‘ CH3 . " e
3 ) i - »
2 " N . ‘ .
/ « ° - ’ :
\ 13 14"
» - . [3
- w ] | ' .
' ’ ot = r N
4 * . - 2 '
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' .séveral of itso- and B-substiiutedjderivatives]z

( rearrangement in-cyclic a,B-unsaturated ketoximes are

., reported in the~lﬁtera¢ure.v The conclusion arrived at

2

L t -
a

' : _\“ . . : '1“‘ o . .
Blatt has observed thﬁtxthe‘aﬁti oxime of benzal-p-

bromoacetophenone 15 gave the am1de 16 expeéted from-

the m1grat1on of the domb]e bpnd in the PC1 -induced Cn
]5

'
»

‘ Begkmann rearrangement Similar resu]ts were obtained :

v

-
.

- Ph-Ch=cH- ~Br PCl5 . ppch- ch-tiH-c0-{O) . Br Q el
\ . \ < ‘
R I '

N N N . . -
1 i . e : P
. o

.

by Corbett.and Dave)(]6 for the PC]éFiqduced‘Beck@aﬁn

rearrangemeht of several p—substitute&”ﬁehzy]idene aéét-‘
» .

one OXINGS) More recent StUdIES Df the 1somer1c ox1mes

| é.g.~ll ) of benza1acgtone‘( benzy11dene a;etone ) and ,'ﬂ' i )

have

also demonstrated that in the PCT -induced Beckmann

PRI

réarnangement of the double bond anti to the oximinq'

hydroxyl mig?atesNiﬁlaccordance with exﬁeétation.

@LCH=CH-C.CH ) PCIS x-CH‘-*-CH-NH-‘CO-CH, :
1 3 ‘ : : - 7-3
T Ny — T e
7 - B o 18 ( refs. 11,17 ) .

o 4
! - N 3 ’ ‘
A number of studies pertaining’ to the Beckmannﬁ

4

' '
.

v, 190
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5 & BN e
1n one study was - that, wh11e syn ox1mes 19 undergo ready
-rearrangement to 1actams of the typg 21, the anti isomers
20, under S1m11ar cond1t1ons, res1st the rearrangement]8
T 1f was, conc]uded, ‘therefore, that the olefinic carbqn :
canribt migrate as effectively as, the saturated carbon.' .
1 ’: .
C, . /OH HO - - 0
N N. o
: - HN \ ' (
EAD S
R ' R ® "R
‘ 19 20 o2 ~
(" syn ) -~ (anti ‘] 5

However', the conc1u51ons reached,in two other studies]9 20

have been that, in certain cyclkf systems there was no

preference for ‘migration of a saturated carbon bver an.

unsaturated carbnnﬁiﬁroups located anti to the hydroxyl

~"group migrated 1rrespect1ve of whether- they were

20

Sato and

" alkyl * or " olefinic " . co-workers

studied the so]volytTC'Beckmann rearrangement of several
cyciic a;n-unsaturated ketoximes in order-to obtain
1nformation on the migratory aptitude of the olefinic
system. They have arranged the oxime tosylates 22 to.
- 29 ‘1n destending erder of their rates of so]volytic_:

- - .

i

*
3
3
H
L7
3




.

\\\“ ’ Beckmann rearrangement The on]y tosylate in the series
I o whlch failed to rearrange under varjous-conditions was 29

' apd this result was 1nterpreted in terms of a.sterjc eff-

A\l
. i .
-~ . L R

TSO‘N N,OTs . TsO TsO

(-

24 25

~N
N
~
™~
w

|
JI
f

—
w
o
’ N

0Ts Ts O‘N TsO~ .

= O
'Q‘

2 "28 T

—_— ——
+
LY

ect in the transition state for the  rearrangement., A simi-

v

lar argument was advanced recently by Fleming and Woodward
. 0 "

-

: for the failure of oxime tosylate 32 to rearrange to 33.

. N \
f————@b Y
‘OTs : '

30
(lélﬂ ) -

>

(HC1 AcOH)

—

TsO’

p) . ,3_2_
( anti )

o e i ——_

A
»W" n‘!ﬂe*"-"'b“’* > adendaind aen e 1202 ol

21
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A series of such 'anti oxime tosylates in the 5- membered»
series 34 also failed to rearrangé to the expected lactams

'35, but gave products 36 and 37 resu?ting from the frag-

mentation, and/ or ketones from which the oximes are

derived?2 :

M PEL
N=C
3 35 36 37
a: R=H
b: R = OMe ‘ _ .
‘c: R = NMe, ' . {(ref. 22 )

Other examp]es-of cyclic anti oximes where the a,B-
~double bond is endocyclic which have been subjected to the
\?t1> 1nduced Beckmann rearrangement 1nc1ude a-santonin

oxime 3823 11, 19

, and carvone oxime 40
§§ "gave ‘the expected lactam only on prolonged reaction
and even then in poor yieid, ‘The_carvong‘okime ig;gave
an extremély poor &ie]& of a lactam which was identified.
asfﬁl]] where addition of(elements of "HC1 had occurred .

across the conjugaféddoub]e bond of the oxime dgrihg the

The santonin oxime

.
S e

o Ao, o st s o




HO\N o PC]S/etherf
. P -' ,\\‘“ ( )27 h ) '
. . 4 0
¢ 2l [}
4 -
~ o) I ’
N~ PCl./ether / :
B - OH 5 - NH /
) ' ( 0°Cc )
- ) 0 ;
X \ !
’ . ' ‘ 3
LI . : 4 (3%) . ;
: p . :
b N . . L -’f
‘rearrangement.‘ The anti oxime of pulegone 42 where the o
* conjugated double bond is exocyclic rearranged to give ;
the expected lactam 43 in good yie]d!] s ;
» . . °c’ . M
3
. PClg/ether %
OH . - y
N N~ E ( -0°C )
' ) . g g
a2 43 ( 7113 ) t | g |
N . = .
{

No report of a systematic investigatioﬁ aimed at

studying the migrat%ry aptiiudg of pyc]hpropy] ring system

! .
‘;r". LA R T W T e L
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in the Beckmann rearrangement of ketoximes seems to be

available in the literature. However, some isolated ' '

«

reports are available which deal with the Beckmann

rearrangement of oximes with a cyc1opropy1 ring alpha ,

to the oximino function. Tencza‘?4

studied the:réérrange-
ment of both geometrical isomers o} oximes of I-Benzoyl-
1-pheny1cyc16bropane 44 and 47 uéing PCI5 and polyphosph-

oric dcid ( PPA ).. The anti-isomer 44 underwent the

-
N 2

[ . n R ¥

=+ ot w4

Ph- 0O
PCI. . il
% Dhwn-c-e -y
1 T _ I i
hi] v | i
Ph
-Ph
. 1]
N-on
. ‘ LI
( anti )

R S L T
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}.‘

Beckmann fragmentat1on reaction with PPA to g1ve benz-

am1de 46 wh11e with PC]5 it gave the expected rearranged

product gg. ., The syn-isomer 47 gave isomeric amide 48

in quantitative yie]d with either PC] or PPA. It was
{.

7

also shown that anti-phenyl cyc]opropyl methyl Ketoxime

49 exh1b1ted a behaV1or qu1te similar to anti-oxime 44

Upon reaction with both PCl5 and PPA to give acetqmide

50 in 11.9% y1eld?4. 1-Methyl cyclopropyl phenyl ket

Ph L 0
C-Ciy PPA, A THy-C-NH,

N9 Y ' " 50 (11.9% ) -

N

- e
oxime 51 and Jemethy1 cyclopropyl methyl ketoxime 53 on

treatment with‘PCJ5 gave expected amides 52 and 21:
respectively. However, treatment of the oxime Sl'andngg

with PPA resulted in complete fragmentatiOn ef both

compounds24 ‘ .
_" , Me ’
[;ic Ph Pclge E>lNH C-Ph
. Mon | ,
" ) - | .
© PPA,A ' -/ PPALA
. B 7 (rapid )

1]
“ ‘ Ph"c"NHz ¢

Btk s oo oA S . R




N

Me ‘ PC]S Me 8
[:>LE—Me . [l -c-we
Nson ‘
53 54
PPA, A o/ PPALa
] :
Me-C-H, (Tapid-)
50 ( ref. 24 ) .

The Beckmann rearrangement of methyl cyclopropyl

ketoxime 55 with PC]5 was first reported by Roberts = -
25

55 were found to give a mixture of isomeric amides 56 ‘-
S

and 57 in total yield of 35%. Emmons?® has carried out

and Cambers A mixture of the geometrical isomers of

4 a
PN - . Ed

NH-C-Me ~NH=M .
g Dr-gote, [cowione |
n . 7 ' 0 . 0 .3
t)»C-Me . 3
L I é'
55 % - A
© . (80%) | , - i
the Beckmann reargangement of the oxime 55a using tri ‘ -

fluoroacetic anhydride as the rgageht in & preparation |

of cchopnopylamine 58. - The BéEkmanﬂ_rearrangement bﬁ“

n-OH (CF £0),0’

[:>—C e 2 tﬁ»N o ‘ hydro]ysis E>~NH2

.
‘ 552, E . 56 - L N1
.
Y
- -
L]
, .
l: ! Il Lo
= S o e T ] . -
" S e et g e LUl NI 1 TR
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dicyclopropyl ketoxime 59 to N- cyc]opropyl cyclopropane

carboxam1de 60 was reported by Hart and Curt1$27

f1rst twme and later by,leata?8
. \

for,thé

Both of the reports

»

have shown that the amide 60 is the only product of rea-

.ction of the oxime with'PC1 These examp]es show that

r

a cyc]opropy] ring situated anti to the ox1m1no hydroxyl

migratés intact during the rearrangement.

| -

/

[ ' E\

'st‘c;n v i E;»NH-co«<]

Y

. 59 : : 60 ( ref. 27)

There are very few reportﬁ regardfng the Béckmenn
rearrangement of bicyclo [ n.1.0 ] alkan-2-one oximes 61.

7

The ox1me of g - d1hydroumbe11u1one 62 seems to be the only
case availab]e in the literature where the migration of

"the cyc]opropy] ring\in a b1cyclic system has been observed

/

.-
o

“
H

3

3
%
4
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. under the Beckmann rearrangement conditions. I£ has heen
‘*Shdqn that ihg oxime gave the bicyclic lactam §§~§n excel-

lent yield under a‘vafiety of rearrangement conditions

=(.p-Br-CGH4502CJ, TsC1 ) w{fhout,any evidence of .fragmen-

-tafibnza: It is interesting to note that the bridged

| oxime 64 under similar reaction conditions gave only the

: ‘ . 29 .
nitrile 65 resulting from fragmentation. :

!

°
—r

N

The Beckmann rearrangement of the dptically $ct1ve

oxime of caran-2-one 66 in which the configuration of the

£

" - .. .~ 5)




“hydroxyl ‘group is syn. with respect to 'the cyclopropy]
rihg; ‘has been %nyestﬁgatéd by Zabza aﬁd coﬁorkers.30 The

-, oxime upon‘trégfhént,W1th’p-to]uene su]fon&] chloride  in

OH

e

66 s . 67

—, v ~

Ju]ié'andjééﬁéfs3] have studied the Beckmann rearrange-
'ment of the b1cyc11c ketoxime 68 in presence of PC]5 and .
p- toluene sulfony] chloride:. They have shown that the
.b1py¢11c ketgx1mg 68 gives several fragmentation products

70y 73, 72 and 73 along wilth the rearranged product 69.

> .

- PC]S v
N 0
H H
73
- NOH | .F 77% ( ratio 4:1 )] .
N | bt \
; 69 10 7
TsCl — - (ref. 31)

aqueous acetone-NaOH yielded sthe Eorresponding lactam 67.

K




t
,

-
R 4

3
b

]
(=]
o

hydroxy] group is syn w1th respect to the/cyc]opropﬁl

system, and therefore it is not 1nvo1ved in the m]grat1on“

The tricyclic oxzme 7432

33

has been shown by Erdtman and'

Thoren
I

. of th1ony1 ch]or1de in d1oxane to produce the tr1cycl1c

¢ H
. to undergo the Beckmann rearrangement in presence

lactam 75, The.authors have not 'stated the conf1gurat1on

=NoH 501,

dioxane ,

| m—

. ) of the oximino’.group and a1so have not stated whether the

P

S e ' rearrangement was accompanied by any fragmentatlon products. :,
)f.‘ﬁ' ‘ l ' ~In this case also it is ev1dent that the m1grat1ng group - '
“ - is not thE’EizﬁoprOpyl ring o . B :
-The Beckmann rearrangement of oximes where the alpha :
.. cyclopropy] r1ng‘system exists as a- spiro structure ( 1 e.; i
'é‘ ' spiro [ 2. 7 ] alkan-4- one oximes 76 ) seems not to have \\\ é
.E- < \l been studied.. However, some 1arger spiro systems such as .'é
. ‘ ) : _ . :

et At e nnanst
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-

77, 7 79 and éh have- been 1nvesttgated by H11]34 35

..—-—-—-

IbspresenC£ bf PC15, SOC]Z, p- CH C6 4

oximes, gave, the lactams expected from the normal Beckmann

-SOzcl PPA these . -

*

rea?rangemdht a]ong w1th some fragmented products ( nit-

riles ). Lukes. and HofmanS®

have studied .the Beckmann
rearrangement of spiro, [ 4.5 ] decan-6-one oxime 77, and
spiro [ 5.6 ] dodecan 7-one oxime 81 _using PClS and PZOS

Both of ghe oximes underwent the fragmen;at1on react]&h,

' fo_g%ve the‘correspondfng'nftri]qs 82 and 82a respectively.

. ) / LA ‘ .
H ~ ) e . ' -
| | N ‘ | .‘ .‘ | | -‘ |

From the examples -cited above it is evident that a

|
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systemat1c study of " the m1gratory apt1tude of the cyc]o-

Y

propyl r1ng system in the Beckmann rearrangement is not

available ih the 11terature.. The somewhat 11mited data

‘,‘on _the migratory apti'tqde ‘of the ethylenic bond seem to

~

suggest that, except where there are severe steric const-
r.’a'ints‘in the fransition '§taté ']‘eadihg to the r‘ehrrange-"
ment, the'all_{eriy]-group ( m-bonded carbon ) mig‘;‘r‘a'tes - as
efficiently a‘s. the-alkyl group ( Signa bon',ded ca'rbon ).
The cyc]opropy1 ring system is well known to have some
'double bond hke \character, and a cyc'lopropy] carben can’

be cons1dered as 1ntermed1a‘te in character betWeen am-

‘bonded ( alkenyl ) and 4 o- bonded (-a]ky] ) carbon37 38

B

\ Therefore‘, it was decided ‘to undertake a s‘cudy of the

migratory aptitude of the cycgopropyl system in the PC]5
~1nduced Beckmann rearrangement and to see whether th1s

system will migrate as readﬂy as the 'alkyl' and 'a]keny]'

-group, or whether th1s system wﬂ] undergo extenswe

fragmentation in view of the rmg stram in t’he cyclopropyl

ring. o -

1

e

e T o

e Sfrkoads o, ;«S-w{“.'ﬁ‘
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STATEMENT. OF THE PROBLEM [ R
: - & \

The main objective of the present study wais to’

inveatiga'te the migprgitory aptiiude of the cy.c‘lopropyl

ring in the PC]S‘-induc,ed‘ B‘eckm‘ar!n rearréngemenf of

[}

“cyclopropyl-conjugated ketoximes. - ,

-The' decision to-undertake the study was prompted »

by she fact that the cyclopropyl ring as a migrating

‘group in the Beckmann rearrangement has received ré]at-

ively less attént'ign than éatura’te‘d_( atkyl") and un-

satyrated ( aryl and alkenyl ) g‘r‘ofzps, and the very

limited amount of data available in the literature -* -~ ;

pertaining to the cyclopropyl group do not lead to defi-
nite conclusions regarding the migratory aptitude of .

this group.

i

e R i ks N S

In order td.carry, out a sy’stematic study of ‘the
topic three gategorigs'of ketones 83a,-84a and 85a - )
were sought as a first step with a view to cbnverting
them to the corresponding oximes -83b, 84b and 85b in
which there e);ists a ’cyclo'propyl ring in'con‘juga'tipn with
.

( alpha to') the oximiﬁo function.

r®

o
> >
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=
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fication of the product(s) of the réarrangemen} reaction -

°

26 . . -

The establishment of the stereochemistry of thé

,oximes 83b, 84b and 85b, that.is, whether .thé RS
cyc]épropy! ring and the hydroxyl group wérg inta syn - i ‘

(Z) or anti (E) relationship, was a crucial task, for
‘the results of the reaction of the anti (E) isomer with

PCJS'were re]evantiio the main objective. The identi-

1 3

Qas thprefdre highly important.

Additional information sought for in the investi-

:.gatfdn was the effect of the ring size ('f.e. the value

of x ) as well as the substituents upon‘the behavior of
the cyclopropyl ring in bicyclo’[.n.l.p ] é]kpnfz-one
oximes ( 84b.) and spiro [ 2.n ] altkan-4-one oximes

(-85b ) wrin'g the PCls-induced Beckmann rearrangement. :

.
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" DISCUSSION | !
Cyclopropyl derivatives—have been isolated from
various natural sources and some of. these have been
' sﬁbwn’to’possess unusual biochemica]39 and bﬁdlogicalqo' . E
pfoperties. ~ Recently Soviet authors?]' have reported '
. anti-convulsant and bacteriostatic;,activity for certain
a-cyclopropyl ketoximes, Considerable attention has
been focused in recent years on the conjugative propérties
of - the cyclopropyl ring sxstemi?’42"46‘ ) e )
l. Bonding in the Cyclopropyl .Ring - ;
) R ' :
- Theoretical and éxperimental sfudies have led to a f
' \ 3
.description .for the bonding in cyclopropane as pictured p
) in Figure 1. The C-C bonds aré best described 'as bent “3
= , o 1
i
’,"’"’ / . 2
C "} 118 g
/ "/-\\\ ;
H .
» ' .
; : Figure 1. Orbital structure of
i e cycloprpane ring showing bent-
: bond strain. .
H
;
] ‘ 21 ‘
!
1

»

>
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or " “banana " bonds with an angle of 104° between the

hybrid orbitals of the carbon which are used in o-bond

formation with the other two.carbons48. 49

50

Calcutations
and NMR spectral data indicate that the C-C bonding

orbitals are Sps-hybr‘idized ( more p character ) and the

C- H bonding orbitals are sp -hybr1d1zed (more s character)

w1th the H-C-H bond ang]es of 118°. ] Regardless of the

state of hybridization of the carbon, the overlapping

atomic orbitals which form the C-C bonds iﬁ:cy\:lopropane
must lie out'side the triangle forn.\ed by the three carbon
atoms (Figure 1}, This concentratibon, of Donding electron

i

density away from the internuclear axis provides a nucleo~

. philic region w,h'ich can bé attacked by e]ectrop?h'i'lic

’ propyl system acts as the electron donor

reagents. The large " p-electron "-density in the plane

) of the cyc]opropane mng produces a weak ring current as

revealed by the substantial d1amagnetic susceptﬂnhtyS]

) :
and the upfield proton chem1ca1 shifts (&6 = 0,22 ) in the
NMR spectrum. The p- character of the cyciopropane ring
is also revealed in 1ts;proton-accept1ng ro_le in forming
52

hydrogen bonds For example, the compounds 86 and 87

exhibit intramolecular hydrogen bonding where the cyclo-
53

1
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The three-membered ring in cyclaopropyl ketones is

. known to possess a somewhat delocalized system of elect-

rons. The deioca1ization has been attribufed to. the
over]ab'of the bent bonding orbitals of the cyclopropyl

C-C bonds and the m-system of the carbony]'group38,47 y

Evidence for such delocalization has been obtained from,

54,55 56,57

theoretical and ultraviolet , infrared®® and

nuclear magnetic resonance studies?8:99 Ultraviolet

spectra60’6] show that cyclopropyl conjugation shifts the

absorption maxima of ketones by 8-30 nm. Infraréd spec-

4
-

‘= 4 . °
, 0 ' g '
i - :
cHy-c<] c;x’-c-cn3
' 89 -

88

-

.

Anax ( 203 nm. ) ) (193 nm ) . ’ {

a .
- , i

tra62’63 on,thé other hand rgvealla.1owerinq in the i
. _ . : 4
carbonyl stretching frequencies as illustrated in the ’ i
‘ . . : i

4

EXamp1es'22‘2§-'.The same trénd is’ observed’ in the °

@

0 L0 0 » ' °

. e - 92 ©

v
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c=0 ‘(1750 cm™') (1728 em!) (1710 cm”T)
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93 T 95

r

veo : -1 -1 -1
\ﬁSAO (1760 cm™ ") (1695-?m ) (1680 cm™ ')

]

cyclopropyl conjugafed cyclanones 97, gg and 99 prepared
in the present study. The bathochromic shift in the

0 'YO 0
a 96 Y A 98
Ve=0 (1703 cm V) (1695 cm 1) (1690 cm™)
T '\ N . '
id "‘0 . 0. | 0.
| 190 91 . : 99
Ve=0 (1750 cm” ') (1728 ecm™') (1732 ™Yy -

H

cyc]opentanone derivatives may be due,bin part to ring

strain effects57 62- 64 —

e

)
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_o .+ The deloca1izat10n effect of the cyclopropy1 system.'

;x1st1ng 1n the awcyc10propy1 carbony] compounds must a]so

k) . . "t

be present to approx1mate1y the same degree 1n the corres- )

'nd1ng ketox1mes because of the poss1h111ty of over]ap of "

-

e ,: ¢~ ! t,e' = orbita]s of the C= N bond’of the ox1m1no funct1on

[y

Co C . and the bent bond1ng orb1ta1s of the three membered r1ng

'x - RS
\ Y .

»

~ 2. Sx¥thes1s of a, B- Unsaturated Ketones AR
N <. Lo . » * N

. : HRETS N
& . .

S - » Al1 ‘he a,.Bwunsaturated ketones' requ1red for the

4

Lewe e present study were knownfzoﬁpoundQKand ‘many of theSe
were purchased from commerc1a1 sources s 1nd1cated an
‘ 7. ‘ ‘ - the Expeerental Sectlon { page 110 ).:". Some ,of 'the

f, P ~ ketones. were synthesized using: procedures descr1bed Yin-

* the’ [iterature,iand h ce these pr cedures .are not -des-

. " 3

. ,.,1

o Sl f‘,{ Meslti;;bx1de 100 was synthe51zed in, 57 % y1e1d
L v start1ﬂ@ from acetone as, descr1bed by Conant et a165 -
[ L. .. . : Lv'“ vt

) .\‘;"l‘." o | . . 1Y

I,

o

PR g,
I .3 . .o .« :

vand?benza1pinacolone 1 1"was\obtéfned.in 88 % yield
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ﬁfom’pinadplbne.and Behzanghyde following the broce-

. “ . . N
iMeyC-CQ-CHy % phicho " M2OM me c-co-cH=cH-Ph -
dirre descmbed by Hill.et. a]66 2-Methy1-2-eyc1ohexene- ¢ .
1 -one { 104 ) .was . prepared in 66% y1e1d starting w1th
. 2 methy1cyc10hexanone 102 accordlng ﬁo the procedure of R
v &, R .
0o .. =
Cuia .
o a . DMF . )
102 ST n" 103;'\ o lgi Rt
Co(82%) . . ~ (66%) R
Narnhoff et a]ﬁ 3, 5‘Dimethy122-cyérohexen+1Léne léz T
was obtained by the procedure descr1bed by Horn1n968 _ .
-“'Qf\ 0+ "‘j: %sL" el P er1d1ne ‘ :
CH3-CHO +  2Me-CO-EH,-CTOOEL _f___ M- co CH- coom; )
= e S PV o Py CH .
P - C T Me co CH- coost
.. AcOH/H2S0, -
. (-C‘OIZ\":_HZO')IJ -
AREEX - ) ‘ E

2
L
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T tionm us1ng 11th1um a1um1num hydr1de

Tithium a]um1num hydr1de used in the react1on was old

.27

.
)

.Mc;

The synthesis of 5,5-dimethyl-2-cyclohexene- I -one ( 111 )

E S

. was carr1ed out.bhy two different methods reported in the
11terature, the starting me;er1a1 for both was methone
( diMeqone ) 109, which was brepared fo?lpwing‘the

d69

mEth%d“eF‘Shriner and Tod . The Yihstw method tried

’

21nv01Ved the conversion of heth( 109 to 5 5 mimethyl-
10

3-ethoxy-2= cyc]ohexene l one fo1lowed by reduc-

)70
’ 7
sfep the ketone 111 was obtained in on]y 18% yfe1d The
low yield 15 attr1buted to the fact “that the samp]e of

7r»

It was poss1b1e to obtain’ the same ketone 1n 66% y1eld

from dimedone 109 by followfng fhe procedure descr1bed

K by Frank and Ha1172 (-
N o ooMar 7
PR, : NaOEt -“Et00C
MeZCjCH-FQ~CH3 + cHz(COOEt)2 :

* . , ’\
' “n

——

pas— ——— 2 ».

In the neddhtion ”




0
! )
" TsOH - ’ .
EtOH ( ref. 70 )
OEt 7
109 1o
(91%) '
0
110 1. LiATHy ( ref. 70,71)
2. H,50, | ,
, m
(18%)
0 0 0
| 1]
ey In/K1 .
o~ 17 7 (ref. 72)
/ ' :
109 1 11

| 3. Synthesis of &-Cyclopropyl Ketones.

One of the general methods of‘%yﬂihesis‘o? cyclopro-
73 ‘

pyl ketones has been the Simmqns—Smith‘reéction of a, é—

.ethylenic alcohols followed by the oxidation of the result-

" ing'cyc]oprqpanated»a]cohofs to ;heu corresponding

ketones74’?5.

Ceu

The method used in the present study was

_the more recent general method reported by Corey and

. LT M b
i BN A e,
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76

Chaykovsky The method involves the reaction of one.

equivalent of dimethyl sulfoxonium methylide’ 678

ns
( DMSOM ') with a, B-olefinic ketones ( Mithae] aéceptorg)
which results in'selective methylene transfer to the

.- -~

CHy-S ] ( DMSOM ) L
, ¥ CH, . :
O N
1

—

8 J:Ag;e bond to produce a-cyclopropyl ketones as. -

111ustrat d in the synthes1s of the a-cyclopropanated ,
ketones 115, 117, and 11878 as well as 1217°. ‘ |

‘e

L0 : S _0 | o
DMSOM - -
- L — ( ref, 76 ) -
W ] )

b
3
3
:
i
&

ns o ns
(81.32)
. . .
| :
| ‘ . DMSOM ‘
( ref. 76 )
116 17 :
° (53.6%) !
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. P .
_bmsom .
( ref. 76 )
ng , SRIT) -'
(88.4%)
DMSOM
. (ref. 79)
120 | 121
‘ »‘(80.2%) >

, ' RN .
It is noteworthy that the methylene transfer is to the
asB-dquble bond rather than to the y, &-double bond in-

ketomes 118 and 120. ° The synthetic utility of the

ylid 113 is now wq]l docUmented?o’B]

3.i; Abyl Cyclopropanes.

THe acyl cyclo esized for the present

study .using the réactior of dimethyl sulfoxonium methy-
, 1ide (‘ilg )?6 on the correspoﬁding a,B-unsaturated
ketones age given in Table 1. |

.
) Sandedainintobann bt

s - &

h AT < e e nn e
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Table 1.

Acyl

No. Ketone -
122 ’;7Z>V/ﬂ\‘

- ;
s /S/K
/’
» /A)‘\F
[

.

cycloprépanes

Bp°C/mp°C

-

59-60(60 torr)

118 (2 torr)

]

104-106(12t0rr)

41-44*

\

% Yield Reference ;,//Ty '
58.9 82-85

'85.4 86, 87

87
P
[§
89.4 82, 88-90

®

(*)- Melting point
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‘The stereochemisfry*mf this cvclopropanation has .

recently been studied by Rocquet and Sevin®'. They have ~

observed that the reactivity of the ethylenic ketones 126 of

91

trans (E) configuration.is much'greater than that of their

cis: (Z) isomers.

exptadned by these authors based on the conformatiéqal equi-

librium as "illustrated in Scheme 1.

iate 128 there is .appreciable steric interaction between the

The observed stereochemistry has been

In tﬁe enolate 'intermed-

groups R and R' which does]not‘prpvide maximum overlap

of the orbita]s in the cyclization step ‘¥eading to 130.

© O 9
_l..\ -_-R". CHa—S—Mez MEZ \C
H = N 6 - i R..L_‘.]HZ =
=0 “C = C-x.
‘R7 HT Nt
R/
126 o, :
: 127
a: (E) o . .
‘b:  (2) (-DMSO)
R, R' = Me,Ph !
"R" = H, Me,Ph g ’
. , |
: ' RY f} R
‘ H,. !

[

Scheme 1. Stereochemical fd%mqtiow

" ketones,

129, E (trans)

R:?C——— &0

H . R
12
(-0MS0)

N

'Ri;J£§<i6=0

H R"

130, Z (cis)

of a-cyclopropyl '

-
Pl o vy’ d Mt g > “‘-ﬁ'm‘ B anen s
Y N B ., o

A R L S,

.
S 2 AR bt . s Wi e TRl -G AR B0 7
.

X
3
g
i
&
X
.
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4

| ) i On the other hand 127 provides a move favorable geometry

-~

: for the maximum delocalization of the 6hargé . during

cyclization to give the cyclopropyl ketone 129. In con- > T

formity with these arguments the authors have‘obgerved
only a sinQ]d isomer of the cyclopropyl ketone in_ each

case from a var1ety of £ and Z isomers of the o,B- unsat-
W/ 91

urated ketones 1262 It 1} to be noted that if the group ' .

COCH3 or COCGH5 is replaced by the less bulky g?oup CN .

the reaction is less stereose1ect1ve 1ead1ng to a mixture

g of cis and trans o - cyclopropyl n1tr1]e582 92,93 ‘ . N

Agam1§7

<:T§7 tion of benzalacetone ( 126; R = CH, 33 R' ="Phy R™ = H )

had earlier cdncluded that the‘'cyclopropana-

Y

P Ll SR ORE VIS

produces a mixture of cis and trans cyclopropyl ketones
based on”the NMR spectrum of the product of the react10n.

Th1s is in contrad1ct10n to the mechanlst1c conc]us1ons

A

[P,
'

[

of Rocquet énd Sev1n9] described above. . The conclus1aq

arrived at in the present study 1s that on1y a single

<

Ce isomer of the cyclopropyl ketone 123 ( trans ) is produced

ek A L

. : which is in agreement with the proposal of Rocquet and . 1

. “Sev1n9]. 'The evidence obtained in the present study is

_indirect. The product 123 was homogeneous on TLC, and

the NMR spectrum showed only. a sharp singlet for the methyl
. group at §2,17.  Moreover, the oximation of the ketone
gave only two oximes which were identified as the syn-

.methyl-and anti-methyl diastereomers of .trans-1-phenyl-2-

v
-

o RN T At et o o Lol ot d
i ® LU g

3
3
{
£
4
]
K
9
4
:
§
]
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acetyl cyclopropane 1gé. Evidencé for this komes from

the fact tﬁat each.of the two oximes gave thelexpected

amide upon Beckmanﬁ reérrangemént using PCP;. The amidgs
were further identified by comparison.with authent;c s
samp1es.prepa}ed independently by an umambiguous route |

'( vide infra ).

-

3.2. ‘Bicyclo [ n.l.O]‘alkan-Z-ones.

\ :
.These ketones were synthe51zed by react1ng dimethy]-
+sulfoxonium methylide 113 WIth the corresponding «,B -un-

saturated cyclanones u$ing the method of Corey and Chayko- ' o

vsky76, and are listed in Tab]e 2 In the case of ketones C
132 dnd'llg where d1astereomerlsm is possible only one i
isomer was ebtained in each case. The ketones 131 and ;
132 are not reported-in the literatqre: ' .' l é
. | i

Bicyclo [ n.1.0 ] alkan-2-ones é

No. Bicyclic ketone Bp°C({torr). %-Yield Reference

64-66( 2 ) - 52.3 82,94

7<qj> 84-85( 2 ) 53.0

L




.

Table 2 (cont'd)
= I ’

-

No. Bicyclic ketone.-Bp°C(torr) = %Yield Reference

.,

—d
(#X]
(V8]

57-58( 4 ) - 72.5 .59,94,95

0 -:,;‘ . . .
132 ,J:jt:L? ’ 84-85( 5 ) 80 -
B 0 ) s , ' . ' )
0

115 125 (15') 95.0  76,91,96
95-97( 26 ) 62.0 44,97
o

The sterecchemical aspects of the reaction of

"dimethyl su]foxoﬁiqm'méthylide ( DMSOM ) with a, B-un-

d9l

saturated ctyclanones have been 1hvestigate_ . In/the

. formation of the bicyclo [ nit.0 ] a]kan-z;onewothe cyclo-

propyl system must of necessity be gii-lbcked with the

other ring structure. Having made this assumption the‘h

~authors have corsidered two directions of approach by the

ylid 113 to the double bond of the a,B-uhsathated

e A . XAt ey o S e o et s

o> v
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) > ™~

cyclic kefoﬁe, as depicted in Scheme 2 for a simple
cyclohexanone derivative. Unlike the case of the'open
chafn a, B~unsaturated ketones,conéfdefad earlier ( page'
32 ), the enolate intermediate formed after the attach-
ment of tﬁé ylid at C-3 cannot gndergb isomeriiation,
and ‘therefore 1eads to:oﬁly one product of cyclization
from this intermediate. The stereochemistry of the
bicyclic [ n.1.0 J*alkanone produced from the unsaturated
ketone thus-reflects the direction of addition of  the
ylid ’t6 the m-system exi;tfng between\c-z and Ce% in the

starting ketone. The divection of attack (a) ( cf.

‘Scheme 2 ) is termed " axijal attack " and the direction

(b) ig_termed " equatorial attack " by the authors.

N

B ! R v
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\I . It was demonstraied by

37 -

the ‘authors?!

tﬁat

the

cyclopropyl ketones']]Si 137, 138 andzlgg were obtained

as single isomers in the reaction of the ylid 113 with

the corresponding‘u,s-un§aturated ketones:
0 o
' 0
O V'
115 137 713 13 "
i 3
[y B“l

y

Information regarding the orientation of the byc]oprapahe

ring was obtained by comparison of the products

with

o

samp]es of known conf1guratf0n synthes1zed 1ndependent1y

by an unequivocal chemical route.,
have shown =that- the Simmons-Smith
hexenols leads to the

.stereospecifically cis to

knowing the

will /enable one to know

w
a- cyc1opropy1 alcohol and

configuration

PreV1OUS studles

74, 75"

o

reaction on gyc1o—

.methylenation (cyclopﬁdpanaiion{

the hydroxyl group. Thus -~

of the starting cydTga]kenp]

the'stereochemistfy of the

hence the stereochem1stry i

of the cyc]opropy] ketone obta1ned by the oxidation 6f ‘

the a-cyc]opropy1 alcohol.

are ipdjcated in  Scheme 3.

K
i,

‘*.‘Ondd""ﬂan -——7..-—.-
1 .o e A

TH%» sequence of reactions

"This procedure was followed

RS S

B N
N
"

W4l

.
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. arw

L4

by~the:'authovs in assigning the é}e}eo;hemisirj of the
~_ba-cyclopropy1 ketones obtained in ‘the redction of the

“ylid on the unsaturated kefoqés:

Zn Cu 101 R ‘ C
CH,T, - "

A

on\m
O aease

’\O in- Cu \O [0] ~
,>
v 0

Scheme 3, Preparation of stereOSpec1f1c a- cyclopropy1
cyc]ohexanones

P

v In the present study the’cyc]opropanat1on of iso-
phorone ( 140 ) was attempéed ﬁs1ng d1methy4su1foxon-
1um methylide, 113 ( Corey react1on D Repeated attémpt;

°w1th fre;\ﬁy d15t111ed 1sophorone resulted in the 1so-
1ation of on1y unreacted start1ng ketone " No trace of

Lany cyclopropyl dpravat1ve was detectable. However,.
. Guillaud and'co-work;rf98 have gecentTy:claimed to have |
qbtaihed a 50%:y1g1d of the pycloprqpyi ketone 141 by

using. the Corey reaction on isophorone. No experiment-

Ly

~

[ VPO = Sy
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. ooal detarﬂs of the synthes1s were gwen by these authors J ,
. ! - . . ® .0
* B, ' v 98 R "
VT in the. Paper. but. rather. only a referenc‘e t0 a thesis .-
S of ohe of the authors% J-L. Plerre, Thesis, Grenob]e, e Ty
A S .l~965 ) was made. In the pr‘esent study the ana1ogous ST A
. t R4 ketone, 5, 5- d1methyf Za-cyclohexen 1- one (. 142 ) gave a ...
§ . ) > . ) . .. -
L 4 ) 53% y1e]d of the expec*ted‘ cyc]opropy] ketone 131, in the - o
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S "v K * R -A
o . T e i
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. e - Corey ,réaction. N :
v ' .. 'The. cyelopropanation of cycloheptenon‘e 143 using - A Ty
- "“ ‘ v \ S
c K the Corey reactiomproceeded smoothly to give a 76% R ‘;
IS : !
[ :‘ . ' ". v*
‘ \,{ v v yield of the expected cyclopropyl ketone 2_75 Howmr.v ‘ : " 1
\ g g Guillaud et M’a have stated that in their hands, the
A ‘
A ! ‘ Corey reactiou on cycloheptenone proved to be a total .
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A SR faiTuHe-in-producing 97.  They,, therefere, resorted to a-
dwfferent route whereby cyc]oheptene ‘144 wasv converted ‘

to 1ts cyc]opropy] der1vat1ve 145 by the Simmons- Sm1th

e ",i - react1on fo]lowed by ox1dat1on of -145 usyng CrB3 to

S obta1n a 10% yield of 97. The ketones 131 and 132, which™"

CH,1,/Zn-Cu
. 85%

iCrOa;ACOH
—_—

109

o

Bl k4

14 18

e r

_are hﬂtherto unknown in the 11terature, were obta1ne¢ by
% us1ng the Corey react1on on the correspond1ng a,g-unsat-'

urated- ketones

3.3, ;Qpiro [ 2°n ] ajkan-4-ones.

1ng the Corey reactlon on the(approprlate u,swunsaturated

1 cyc]anones, while some»others, espec1a11y those hawang no

: - employing more 1engtheroutes " The spiroketones- prepared -.

; \
P in the present study are llsted 1n Table 3.

‘The ketones 146 and] %gg were prepared ut111z1ng the
S ¢l’(:*orey react1o§ on 2-(1-*ethy]ethylﬂdepe) ‘cyclopentanone

and pu]ego%e respectlvefy.. In the case of the réaction of

N

- -

{.bﬁySqme of these sp1roketones were synthesized by emp]oy—

' . ‘ v
' subst1tuents on the cyc]opropy] r1ng, were synthes1zed by,

J ', pulegone the cyclapropyl derwvat1ve 148 was 1so1ated 1nm -

, .
il et S ST

N C T Re s
B T T e

7
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Ery
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Ketone -

o kg [::E;:cm

-
L= 2
(=)

147

Table 3

“spiro [ 2.n ] alkan-4-ones
)

i ’BQ°C§torr}

49(5)
67(8)
80-82(12)

116-120(15)

74-76(5)

tYield

59*

712.5

87+

- 90*

Reference

99,100

59

99
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92% yield, a significant improvement éver 52% reported
. .
ST “earlier?! The ketone 99 was prepared .according to the
i procedure described by Leriverend and Coﬁiagg, starting

from cytlopentanone as indicated in Scheme 4. In this

sequence the prbduct of each step was fso]ated‘and purir°.

N ketones 98 ‘and 147 were also synthesized using the indic-

fied before -the subsequent step‘wa§ attempted; The spiro- é
11
' /
. ated sequence of reactions shown in Scheme 4, "starting ;
' ;

i

i

from cycloheptanone and'3¥Methyl cyclohexanone respectively,

\
: . _OH | _0Ts
& ae &G e 0
. S Py o

0 B 0

: ; Cine r : :
E ‘ LiBr . , In
P ‘ MeCOEL ' Bré\ H,0/MeOH :

R A gy

;‘_;.vf‘-‘« Tt & ko
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Synthesis of Oximes of Cyclopropyl Ketones.

~The oximation of the varﬁous cyclopropyl ketones was
achieved by using hydroxy]aﬁine hydrochloride under diff-

erent reaction conditions which were minor modifications

o@ standard oximation procedures ( cf. Experimgntal Sec-

-

tion, pagq'116 Y. The optimum reactibn-tondigiong wére‘

- arrived at by attempting the oximation procedures under C
the varying conditions. The procedure of first choice . .
was the standard one using hydroxylamine hydrochloride ‘
and sodium acetate in 95% ethanol as §o]vent (Method I\)!o‘I
The reaction mixture needed to be heated on a steam bath

] .

in most instances and the extent -of o£;mation was monitor-

B e S kI Bir v ¢

ed by thin layer chromatography. If prolonged heating

still did not give good yields of the oxime, the reaction
was reheated by replacing the sodium acetate with pyridine
)102

- : as the base (Method B In some cases even stronger base

D AT OMEINNE ws

such ‘as NaOH had to be used (Method €)' In general it

was found that the more sterically hindered the carbonyl

-

group was, the stronger the base that was needed and the

RN e s Sp i e v 2 ¢

o ' Tonger the reaction time. ‘ P

: ' 4.1. Oximes of Acyl Cyclopropanes.

X - ~

i ) The acyl cyclopropanes were converted .to their oximes
B v .

: by a method described in thé preceding .section. A search

of the literature ihdicated that the oximes of these cyclo-

1 propyl ketones have not been‘previously reported. There-

! Vet o p—— - = *

- \ .
44545 g L - coc y :"' A ‘..‘"\" N } ’\ ; ",‘w 1 )
- o > O N LIPS - . A
oy VAR ""-"", .  —————— ks ,WMMWW s




LN < .
fore,vthé'identification and determination of stereochem- Lt
isiry of these oximes were quite importanf. This task

\ : was achieved mainly by NMR spectroscopy as wé{] gé the
Beckmann rearrangemeﬁt of the oximes and comparing the |
products of‘reqrraﬁgement with authentic samples of the t

expected rearranged products.

o %hé qcy] cyclopropane derivative 122 was converted
to the oxime'by using Method A. The product was a liquid
and it was found that it consisted of a mixture of the

‘ syn and anti 1somers 1n the indicated ratio proven by the
NMR spectrum of the product of the Beckmann rearrangement :
of the m1xture { vide infra ). A1l attempts to separate ‘ é

the two isomers 152a and 152b by fractionaf disti]Lation

or chromatographic tethniques were unsuccessful.

- | i a0,
Method A. |
' 7A(c\ “(' 81% ) ( 7A/C\ +" \ ) !
122 .. o 1522 ' 152
\ A ~{ 33%) ( 67% )

- \l
The oxlmatlon of -tife ketone 123 was also ach1eved by

" = using Method A. The NMR spectrum of the crude react1on

. ' product indicated the two methyl signals at 6 1.73 (15%)

/

. (*) Hereafter syn and anti refers to the d{sposition of
’ " the OH group with respect to the cyclopropyl system.

- k. "
v grean achtota aapnchus b -y oo wrrerm g
ey ® L UL e L _
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and ] 91(85%) and these were attr1buted to the isomers .
153a and- 153b° respect1vely. the anti isomer the OH

/

group is closer to the CH3 group and therefore is expected

preduce a deshieidfng effecé on the CH3°compared to the . A
§ig_f§emer. Assignments of configuration based on tﬁis‘

deshielding effect dug to the proximity of the oximing

30,103-105 In

,function have been used by other workers
. this case the two isomers were separated by column chro-
matography using sil1ca gel and a mixture of benzene- ether . ‘.
(131 (v/v)). It was observed that when a solut1on of ‘the
bure gvg_isomer 153a in CDCI3 or CCI4 was left at'room
te%perature for pro]onged periods 1somerizat1on of some
! of the syn isomer to the anti isomer took place as revealed
by the NMR spectra of the solutions., For example, afser
- two days at roem temperatere;the syn .and anti isomers .
. ' ‘ were detected iq solutiqn‘in‘gg_:T?%rajio, whereas after ' ’ ;
10 days the ratio was chenged to‘3:10. However, no such . * v 3

isomerization was observed for the pure anti 1somer 153b

in e3the//E9613 or CC1, solution at room temperature.

: g | OH
~ ' s P' 2, HO\N ” n/ \ 4
| c Method. A._ L *
/A/ \Me \Me + \Me "
rh (99% )
Ph .
123 . 1532 : ~153b

(15%) ' . (85%)

v* ‘M’M"( .\ .‘:."'»(‘.qe—(—\-:.- -y O AN TR, L
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The tertiary butyl derivat'ive'lg_{l_ was oximated using

Method B. The NMR spectrum ‘of the reaction produc.t

exhibited two separate signals for the tert-butyl group

at §1.37 (15%) and 1.22 (85%) and’ these were assigned to
N ~ [ d

the anti and syn isomers 154b and 154a respectively. In

this case it wa:'s observed that the anti isomer 154b was
unstable in CDC]S; CC1y or ether solution at room temper-

ature, yielding a mixture of the syn and anti isomers. In

.contrast, the syn isomer 154a was unchamged under. similar

conditions. ' The instability of'rthe anti isomer 154b can

be attributed to the severe stéeric intéracti'on between the
bulky g_e_r_:_t_-‘buty] group and the hydm;xyl group. The syn
ﬂd anti isomérs were separated by repeated crystallization
f_rom agqueous methanol ( cf. Experimental section ). The
syn isom?r 154a melted at‘ 129-30°c while the ‘gg_t_i__ isomer
154b melfed at 84-86°C. The .configurations of the two

. o : . N
oximes were further confirmed by the Beckmann rearrange-

0 ; : .
1)
' c Method B
~N —_—
A L-8u (ggy)
Ph . Ph
124
.}! r\‘ ‘ -
- M’ﬁzmmm%,’- > ;_::

Py
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For the oximation of the benzoyl cycloprbpéne derivative

ra

lgg, Method C was employed. In this case-.only a §ing]e
isomer of the oxime was isolated in 98% yield. The product .
'was'identified as the _1_ isomer 155 based on the position
of the chem1ca1 sh1ft of the hydroxyl resonance ( & 3.47 )~

( cf. NMR spectrum No.1, p. 163 ), as wgll as frqp the
product of the Beckmann reérran%ement ( vide infra ). Of

the four acyl cyclobropane oximated, ]ggzwas the only one
which produced a single isomer of’the oxfme; Interestingly,
in the NMR sﬁectrum of this producf the OH fé;onance appear-, :
ed ap 63.47 while the corresponding “signals of all the

o -

bther oximes of this class ahpeared between §9.16 and 10.23.

O=0

, Method C ' C
! pA/ \Ph e ﬁ/ \Ph
h ( 98% ) :

—
~N
(8]
—
o

(98%) .

The various oximes of the acyi cyclopropanes_ used for the

Beckmann rearrangement are listed in Table 4. . ' 3
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" Figure 2. This deshie]dind effect of a-protons in cyclic.

49
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%

“-4.2. . Oximes of Bicyclo [ n.1.0 ] alkan-2-ones.

. ¢
The oxime of bicyclo. [ 4.1.0 ] heptan-2-one 156 has
41,106-108

recently been reported in the 1iterature. In the

preseﬁt’study the oxime 156 was obtained by the oximation

of ketone 94 with hydroxy1qmine hydrochloride in the pfesénce

of sodium acetate ( Method A ). The,proddct had a fairly
sharp me]tina point ( 85-86°C ), and exhibited only one-

spot on TLC using a]umina;dr silica gel indicating that it

0
Method A _

A L , 156

4 —— ——

s
e

~

was isomerically pure. That the product has the anti
configuration a§ depicted in structure 156 was cohcluded
from its NMR spectrum which révea1ed a one-proton signal .
bgtween §2.42-2.88. This signal‘ié ascribed ﬁo‘oné of_tHe \
a-hydrogens attached t0‘the'C;3‘c$rbon ( marked with an_
asterisk in 1§£ ). As shown in Figure 2, the ﬁrotons on

C-3 are in a syn re]afion;hip wi'th respecf to the hydroxy!l
group of the'oxih?no function, and therefore should experi-
ence a deshié]ding effect, especially the'gggijfequatorial

proton ( asterisk ), as indicated in projection "A" in

‘1': Aoy b v -

. 4
PRI, PPN P PTR s

4
s, A e AL W o S

Evo.
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HO, P "

Projection "A"

Figure 2. Conformation of b1cyclo [4.71.0] heptan 2- one
oxime.

v
N

"oximes have been well ‘established30.103-105,109-110, 112

103,105

"Suginome and cb-work‘ers ‘have shown r‘ecen"cly that

nthe cho]_estanone oximes 157,,'1 58, 159 and 160’ exhibi ted a

one-proton broad doublet at ca 6'3.40 ascribable ta the .

t

a-protons closer to the hydroxy1 group. These authors

have demonstrated that one of the a- methy1ene protons is

nearly ecltipsed by the C=N bond in these oximes. ,

\

yknitiiin
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'HO —N

159 Lo 160 - :
I

1

v K

In conformity ° with the arguments described in.Zthe,
preceging_paragraph the oxime of bicyclo [ 4.1.0 ] heptan-

2-one preﬁared in the present study has been assigned ‘as

the anti configuration 156. "A'dditio'nai proof of this

-

structure was gained from ‘the NMR spectrum of the s1ngle

product obtained in the PC]5 induced Beckmann rearrangement

of th1s oxime ( vide-infra ).- In the report by Tardella

106 it was stated _that the ox1me 156 was

o

obta1ned as a 1 1 mixture of s x and anti isomers when

and co- workers

ketone 94 was oxamated in presence of hydroxylamine hydro--

-

chloride and sodium abetate, conditions similar to those

useduin the present study forthe ox1mat10n. Their conclu-

- f

‘ ‘0 . . OH
, AR i R
L N e ‘./
° ‘ . < + -
NH,OH , HC ‘> CPyH'C
NBO‘ACQ ! P.Y C]

[ S S

.
s etk awle w e P e
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siohn was‘based on- the fact that the gas chromatographic

analysis df the,product showed two perti511y overlapped
; ~ peaks of similar areas. H6ﬁeyer, their product melted
| within a .very narrow range ( 83- 86 C )* It 1s possible

3 /. ' that their product was also a s1ng]e isomer ( 156 ), which

at the e]evated temperature employed For the gas chromatd- K

Y . . .
graphic analysis underwent equilibration to the syn and
anti isomers. No attempt-at separating the individual «

‘1somers was reported by these authors]06

The authors have
made the 1nterest1ng obsérvation that pyr1d1ne hydroch1or1de,

J brings about the cleavage of, the cyclopropane ring of the'

-oxime 156 to produqe 3- ch]oromethy]cyc]ohexanone oxime 161

~

also reported as a mixture of 1ts x ‘and anti isomers,

v
PN S

i

- However, no attempt to separate 1somers was made in this case
Les

as well, ‘The starting ketone 94 also was reported to suffer
. :

'the.c1eayage'of the cyclopropyl ring in a siﬁilar fashion,

S M o AT 6 b e

T , 'under the-sameuconditions' Alse, oximation of 94 using - ' .
hydroxy]am1ne hydroch]oride and” pyrid1ne 1n ethanol solvent T
was shown to praduce the ox@me of 3- chloromethylcyc1oheXanone

d1rect1y]06 This type of cyc]dbropy] r1ng openlng to a

ch]oromethy] group has recently beenuobserved as a general

phenomenon in several a-cyc]opropy] ketones when they are’

¢ " treated with pyr1d1ne¢hydrochlor1de in aceton1tr11e]08

" The oxdmes 162, 163, 164 and 165 were also synthesized _ ,
in the present study by the oximation of the corresponding

ketones using the hydroxylamine hydrochloride- sodxum acetate

. a " . L4
@ ,

. - ’
v mmm an— ' . - 2 NI
. B N . P
y SV ' AN Y R ‘!!‘4!, v
T AR YNGR DR . )
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method. ~ Only a single, isomer—wis observed in each case. ‘
‘These oximes have not been previdus]y'reported in. the, - } e
literature., The oxime 164 was ‘obtained as a v1sco§s oil - ‘
whjch_was distilled lp hlgh vacuum ( bp 124° C / 4 torr )
Upon keeping in the refrigerator for approximately two ' C *
" months the dlst111ed product so1fﬂf?1ed but melted over a .. S
wide range of . temperature ( 42 52° C Y. The materlsﬁ pro: -
duged on]y one spot on TLC using alumtna or si]1ca gel
The anti cpnf1gurat1on was ass)gned to" 162 163, and ]64 \(:\;”C:
based oﬁ their NMR spectra (. cf NMR spectrum of 162, No. s !
2, p. 164 3 end the same arguments as were used ;pr the ; ' - j‘
ass1gnment\of conf1gurat1on of the ox1he 156 These ox1me§
;v ) n

also exh1b1ted the character1st1c sig nals for the a- methy]- ,~ i,

‘ene protons (asterwsk) between §2. 20 2 93 ( cf. 'Table.5 ). ol

Oxime 165 has been .assigned th;~tlh_conffgurat1on based' on. ‘ o f<
1ts NMR spectrum Which did not revea‘ the characteristic, . o
s1gna1 for C-3 a- methy]ene protons between §2. 0 =3, 0,, Add1-
tional evidence - for the assigned conf1gurat1ons of these A
~,'dxame5 comes from the structure of the Beckmann rearrange~
ment products of the oximes ( vide- 1nfra ). ,The pert1nent. B

vexperimentalsdata about the oximes gre given in Table 5.
.’ 0o s B . < "‘ . .‘ . , ‘~‘,. . ’} . 'n:
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4;3. Oximess of Spiro [ 2.n ] alkan-4-ones.
Y T

-

In the present study,the oximes‘“of spiro [ 2.n71-
alkén-4-ong§ ( n = 4,5,6 ) wkre synthesized By reacting

the corresponding ketpnes with hydroxylamine hydrochTor-i

Ry

ide and sodium acetate. Such oximes have. received little

attention in the past, and only the oxime 167 has been -

reported in the\]itEhature]]1. The pertinent experimental

I3 . f

data regarding these oximes are summarized in Table 6.

3

\N N 1 . . ' HO\N .

HO‘N ’ .

—
o
—

5
—

. N, .
67-171 were obtaindd as single isome#s having the

otydroxyl)groups- of the oxihﬁno\fudction in the inti~
\ relat¥onship with respect toAthe\cyc]opropyl system., The

coné]qsﬁon egarding this configurational aSsignmént was

RAACRLSa

4

S b s e 5P
- .
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based on the NMR spectra of the oximes as well as the .
structure of the Beckmann'rearrangemen; products of the

oximes ( vmde 1nfra ). The NMR-spectra of all the oximes
exh1b1ted t@e character1st1c, well separated s1gnals for ‘
th; u»methylene protons on C-5 in close proximity w1th the

OH group (marked with (*) in 167-171 )30,103-105, 109,110

\

:Tﬁ;»NMR spectrum of 167 revealed the C-5 methxﬁhﬂe
lsignaf as a mu;tiplet between 62, 50-2. 80, and the spectrum
of 168 revealed the corresponding s1gna1 between 62,50~ 2 80
( cf. NMR Speetrum No. 3, page 165 and NMR spe;trum No 4,
page 166 ). Examination of the molecular mode]s‘forﬁthesg
oximgg‘;ndicafed that the 5-membered ring is esseptially
perpendicu]ar't; the plane of the cyclopropane ring where
the d1hedra1 angle between the C- 1 and C-3 bond and the )
p- ~orbital of the C=N bond is sma]] This 1is dep{cted .in
Figure 3.. In this conformat1on both hydrogens on C-5 w111
be symmetr1ca]1y placed on e1ther s1de of the C=N bond
( proaect1on "A" in Figqure 3 .); ‘%1th a dihedral éng1e of

&, e—

a 35° each The symmetr1ca] AA' BB/7pattern for the s1gnals
35 o
_€-3 "T"°”

1N R(C-5)
35 _ ’

Projection "A" k \ .:
\‘ngure 3., Conformation of spiro [2.4] heptan-4-one oxime.
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from the ;yc1opropy1 hydr&géds in the NMR spectra of these

i
oximes are in agreement with' this conformation.

In contrast to oximes 167 and 168, the NMR spectra 5
,

of the oximes 169 and 170 exhibited unsymmetrical signals

for the c}c]opropyl hyarogens ( e.g. NMR spectrum No 5 )
page 167 ). In addition, the. NMR spectﬁum of 169 revealed
a broad one-proton signal between 63.)6l3.38.. In the case
. of 170 this one-proton signal appggred between 6 2.75-3,55.
These signals are assiﬁnea’td the quasi-equatorial hydro;
gen ( asterisk )’gn €-5 in these oximes ( see projection
A" }n Figure 4 )t The ‘NMR spectrum of llljeghibited a
-symmefricaT pair‘of mul?ip]ets.fdf the cyclopropyl hdro-
gens centered around § 0,50 aqd’h.b andoalbroad multiplet

‘centered around § 2,66 for the a-methylene hydrogens.

. ,
llAli
T C-6. :

c-s—jz;j:;r—NMOH

, H(t-s) &
o o (C-5)

i . Projection "B" Projection "A"

L]
"

Fiﬁufe 4, Conformation of spiro [2.5] octan-4-one oximes.
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1 e <~ .5, Mechanistic Aspe;t; of éhe'Beckmann Rearrangement.
nBefore venturin§ into'the‘&iscuséio;‘qf the fesd]tg ' :

« of the present study of ;pe Beckmann rearrangement of the
ao-cyclopropyl ketoximes,,it is appropriate to outline
oo brfef]y the salient features of the current state of our
' kndw]edgé about th; Mechanism of the normal Beckmann

oo rearrangement. ) . -

., The most widely accepted mechanism of the Beckmann
rearrangemeﬁt of ketoximes, 1n‘very géﬂ@ra1, ferﬂi: as
mentioned in the Iptroduction ( cf. pages 1-3 ), is outlined
inAScheme 5. The heterolytic fission of the N-0A bopd,inh
3 with concerted Qelocalézation of the e]ectroﬁs of the R

o group situated anti to the OA ' function leads to {the

[

+
' R R'-C=N-R
R . 'l \‘ \
¢ ~ A Y -
,/.CzN\ 1. c’=‘ .. - 1 DA
R M OA R'/ “‘OA . +
‘ ; R'-C=N-R \
3 . '
~ 2 . { '
) 4 5
"acidic" .
reagent _ l_
. -y ) , - ' -
. : “Seon R -
{ '/ ~ ) . ' ] " ) .
. - R OH . RY-C4NH-R. ‘H20 R'-C=N-R
. - -
1 2 - o

a

.

o e




\ migration of the R Qroup to the electron-deficient nitro-
1 gen via a trans{tion state such as 4 to produge the imido- .
\ yl derivative 172, which upon subsequent hydrolysis yields
\ . the amide 2.
\ % The choice of the "acidic",reagent.is gritjca]o ind
depends not only on the structure of'the oximé.but also

© e T

4&' on the nature of the reactian mediumg. Strong protic L 3
acigs such as HpS04 or HC) are capable of isomerizing the

oxipe prior to rearrangement thereby prqduc1ng am1des not

.
| Sak wd T e o aen

dertwed directly from the start1ng stereoisomer of the, -
oXime. PhosphorUS pentachlor1de has been recognized as
the reagent least prone to catatyze prior,isomerization

of the oximes4. \ n .

-~ -r«w P R

‘ e C ‘

The postulated concerted mechanism requires that the -

stereospecific migration of the groyp situated anti to the
leaving group be intramolecular, and therefore, should

exhibit migraiion of the a-carbon with stereochemical

£ B LR o B

integrity. This has been verified by Kenyon ‘and co-

]

W orkers]]3 14, Optically active oximes 173 and 174, '

e gt

upon rearrangement gave the optic§l1y active amides 175 i 1

i -

; () neBu-CH-g-me  PCTs (+) n-Bii-EH-NH-CO-Me

Et N T Et
“OH

J— PR T e e ey

" o ' - - o
:*Wa:":"tm-n:-. it . -y i T Im e L
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(+) Me-?H-ﬁ-Me r g (=) »Me-?H-NH-CO-Me
Ph N —— Ph
~ \OH .
174 : 176 < s

i e ]

&

and 176 respectively with retention of éonfiguration of

the migrating groups:

7

Recent Beckmann rearrangement studies of ketoximes

-

:Qith n-bonded" systems situated alpha and anti to the oxjm-- '

ino function have shown that, in general, such qnsaturated.
systems migfated as effectively as a]k&l'groups]]’]g’zo

In addition, it has a]go been Fstablishéd,thit in ketoximes
with endocyclic a-double bonds thé norma])rearrangement ;
takes place only where the planes of the C=C and C=N T
sygtems are épproximately at right aﬁg]es to each other:

In ﬁximes\or their derivatives where such an arrangement

is sterically unattractive thé notrmal Beckmann rearrange-
ment has ei}her been. totally suppreésgle’z?’Z] or the
produéts have been those.rgsuffing from a fragmentation

pathway!15 —_——

3 .
In contrast to.the studies of ‘the mig}atory aptitude

of\the olefinic group, there seems“to'ﬁave,been no studies

undertaken specifically to examine the migratory aptitude

pf a cyq]oproby] group in the Beckmann rearrangement,

3

"Because of this, and because'of.the almost-doub]é-Qond-

like .character frequentLy observed for the cyclopropyl

e s b e A e At st ey W a2 m -
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system, thelp;esént°study was undertaken with a view to
investigatjpggthe behavior of the cyclopropyl system. in
the Beckmann réarrangement of ketoximes having such a
system o to. the oximino funciion. -The a-cyclopropyl keto-

?imes emp]oyed'in the'preSgnt~study include oximes of’ .
acyl cyclopropanes, of bicyclo [ n.10 ] alkan-2-ones, and ;
of spird [ 2.n ] a)kan-4-ones, where the cyclopropyl system Co

pr;§rﬁts a variety of substitution p@tterns.'

5.1. _Beckmann Rearrangement of Oximes of Acyl cyclopropanes.

The oximes of the acyl Eyc1oprqpanes ( cf. Section
4,1,, page 43 ) were subjected to the Beckmann rearrange-
ment using PC]5 following the general procedure ( cf. Exper- ",

imental Section, page 129 ).. . - : g
. ‘ . »~ H
The oxime of l-acetyl-2,2-dimethylcyclopropane (152)

consisted of a mixture of the syn and anti isomers which i

could qpt\be separated. Therefore, the rearrang%men was
carried out on the mixture. A mixture of the two Second-

ary amides 177 and 178 was obtained in 92% yield. The NMR

spectrum of the crude product indicated that the amides

1

4

’ %
:

4

3

:

.
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resonance of 177 apbeared as a singlet at § 2.00, while
that of 178 appeared as a doublet at 6 2.83 which co]]ap-

sed .to a s1ng1et upon addition of D 0 and a trace of tri- o

" -ethylamine. By chrOmatography on alumina it was poss1b1e

to obtain a pure sample of 177 ( mp 54-56°C ). However,

it was not possible to obtain 178 in a pure ferm,.it being

not able to remove 177 completely from_ft.\ Assuming that

no prior isomerization of the isomers in 152 took place,

it can be assumed that 152 originally consisted of the

csyn ( 152a ) and anti ( 152b ) isomers in the ratio 33:67.

" Treatment of the stereo1somer1c ox1mes 153a and 153b

separately w1th PClg resulted in the expected secondary
. amides 179 and 180 Trespectively in good yields. The amide
180 is the result of the mfﬁration of the cyclopropyl

~system in 153b during the Beckmann rearrangement. The NMR

L4

N
HOG | b
pndNiCeme PO Phqéﬁﬁ-co-ng-Me S
1534 179 .
' ‘ X (70%)
' n—OH * ‘ R
TAN PCly Ph41§§-NH-cb-Me
oo - : (778 )
—_

177 and 178 were pfesent in a 67:33 ratio. The methyl

v pnd oy otk e

PPPEIE
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spectrum of this product exhibited a singlet for the methyl
- /

resonance at §2.00 and a broad sidglet at §6.81 for the NH

~proton resonance. In the case of 179 the methyl resonance

appeared as, a doublet at §2.85 ( J = 5 Hz ), and the NH

‘proton resonance ds a broad peak_gt 56.68 ( cf. NMR spect-

3

rum No. 6, page 168 ). That the doublet at 62.85 is due

to the coup1ing,of the methyl protons and the NH prbtoh in -

179 was: demonstrated by the fact that the methyl doublet

o ondNcoon  S0¢1, pnﬂlfﬁ-cd-c1 Me-My b /N co_pnoe

collapsed to a singlet ubon the additfoplof,DZO and a trace

.of triethylamine { cf. NMR spectram No. 7, page 169 ). An

authentic sample: of 180 was synthesized by reacting trans-
2-pHenylcyclopropylamine ( 181 ) with gcety].ch]értde. |
ﬁh~zﬁ§5NH2 “+. C1-C0-Me ——» Ph-zﬁx-HH—CO-Me‘

181 , 18

— ———

- i

. .
'The.authentic sample of the amide 179 was prepared by -

converting trans-2-phenyl cyclopropane carboxylic acid

“( 182 ) to fhé corresponding acid chloride 183, followed

by treatment of this acid chloride with methylamine.

/

-

182 183 T 79

——— t—— —

p
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The Beckmann rearrangement of the syn oxime 154a gave

the expected amide 184 1n good y1e1d, along w1th ca 5%

yle]d of trans-l1-cyano-2- pheny1 cyc1opropane 185, whith
evidently resu]ted from the Beckmann fragmentatlon of the

oxime 154a dur1ng-the reaction. The.product 185 was

£
%

identified by jts IR and NMR spectra. The authentic sam-,

ple of the amide 184 was prepared as illustrated starting

- from the acid 182. The;anti oxime 154b gave, upon treat-

1562 . ¢ 184 185
e 76% ) ( ca 5% )
Ph*ZQS coon S0C1, PhaZﬁS qgg;ﬁ*fé%“ N“z 184
182 -183

.
o

ment with ﬁC]S, exclusively the exa}cted secondary amide .

185 in 80% y1e1d The authentic sample of 186 was obtaln-

ed by treatment of trans -2- phenylcyc1bpropylam1ne 181

-~

wi‘th p1va1QyT ch1or1de.

Y

4. ' . ‘a
‘Phalfi-c t-su_"Clg PthQX-NH-CO—L-Bu T

154b 186 ( 80% )

yo

)
kS M A
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5 phalgl;nnz. £-Bu-C0C1 - Phaz§5~NH-CO-£JBu“ : '

: conﬁﬁgqxatiqn of the oxime 155.

.o

¢

©

181 : ) T 18

.o .
.The Beckmahn'rearr;ngement~ofithe oifme 155 gave a
ffair yie1a.of<the‘expe§ted secondary .amide 187. The auth-
entic 'sample of 187 was obtained by treating the acid
ch{ofide lgg'lwith aniline. The structure of the reariangéd

produdtj}87 thus provided additional evidence for the $yn

¢
5

MO, |

) . ] - » ‘ .
R AN LT PhaZES-CO-NH-Ph

155 ' ‘ 187

’ ( 56%) =
. s T
phd Nlcocy - Ph-NHg N 187 ’
183 N

~ <
- o i ' -

. The pertinent data concerriing t;eAamides_isolated in
thé‘Béckmann rearrangeﬁentaof the px%mes of the acyl cycfof
prob;nés are summarjzed in Table 7. Even though the
number of exampleéoaviélable here are limited; it seems

that the. cyclopropyl ring migrates more efficiéntﬂy than

a]kil,dr'phgnyl groups as evjdéncéd by the greater yields .
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Lo ' . ' h \“{/i, ’ D ' . ;‘ : | ' ‘ ' a ."

T of .the imides resulting «from the anti oximes, ( g’f 153b .-
B ) i "o

. . .. .%nd 154b° ys. 153a, 154a. and 155 ). . ; '

. In consxde*mng the mechamsm of m1qﬁatmn of the

»

rcyclopropyl system.in the ant1 ‘oximes during the Beclqnann

.: - . r“P.arra'?Pgement one can postulpte,nm apalégy w1th 'the ' .
) \ " ,curr:n\ﬁy w1de1y accepted» mecha 15m4 8, a lt_fan‘sﬁ\on state |
- . of the type 188 Concomltant wi the p;rhal bond for-
. ,v ‘ mat1on between C 1, and the n1trogen, .the bond between.c 1 ‘ -

) '
+ ’ and Cv-4 is part*lly cleaved. It .is 1nterest1ng “to

r:;nder the ﬂtype of orb1ta1 1nteract1on between - the

o’

~. ' ) cyc]opropy] System and the m\trogen atom in 188 s Taki%'

» . )

“r1ng m1grated efficiéntly without ring opened or r1ng

enlarged products 11t is concewab]@,that the trans1t1on L
state 188 is stab1hz<;d) not by ring-edge part- -

a . o
“ oo e K

ic patlon ( such /as is thought to exist .in grovund state L 4

s

)

note of the fact tha;/m the rearrangement.the cy}lopropyl \

s




H ,‘ ‘ 4 B . ‘ ' 4 .
K Ej, : ' ! 1A / {
¥ v ’ g ) o :-
A A ' 3 AR, 3 |
Lo ‘ systems where the ‘cyc opropyl rihgs exist in conjugation ,
KoL _ Cor . - f
. ; L L w1th unsaturatedijunctwns .e.9. C=N ), but by__oxa-r/l—aﬂ‘f* _
L the back 'lobe of the C LBy ( or C-1, 3 ) o-bond"’ or‘b1ta’l - .
‘:f"p .y . . . ‘
I Fnth the devé]opmg orb1tal on the mtrogen ( shaded ) .
, . ’ . 2 X
g Orbﬂza] ) as depu;ted in 189 !
, . . ) d , !
N . | |
o | © - ' z
N ‘ Y :
] .
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‘The possibility fae+Such p

t1c1patlon has been cons1dered

recently for t e 1 2 cyclo ropy1 migration from ‘carbon -to

N\ nifrogen in the Schmidt’ act1on1]6

v and for a 1,2 carbon
to carbon migration in the so1vo]ys1s of 2 cyc]opropyl 2-
methylpropyl breéy]ate1]7

,f . bonding orbitalsSare almost sp® hybridized, it is net

R nae e

Bearing in m1nd that the C-C

L

unreasonable to assume that the back lobes of the cyclo-
propy] c!?bons extend sufficiently‘out of the ring for
ﬂ1nteract1on w1th the develop1ng nitrogen orb1ta1 as pict-
ured in lgg.’ It can be seen that the 1,2 migration of the
cyclopropyl system.by this mechanism from canbon to nitro-
gen to produce the intermediate 190 will proceed without -

s

- a + .
ring opening or ring expansion and with stereochemica?l

. . L .
£’integrity at the migrat?ng carbon, C-1. w

1

5. 2, Beckmann Rearrangement of Oximes of . B1cyc]o£n 1. Ql-'\

. ~ -
,a]kaneZ ~onhes. A

\ ) ~ - N . Cy

,The anth > oxime of bicyclo [ 4.1.0 ] heptan .2-o0ne

}

1

i B -
(1 -

£

o PCff in the usual manner, The IR and NMR spectra,as well:

much unreacted oxime along wtth a ‘lactam in wh1ch the
cyclopropyl system seemed to We abseht -Using column

, -
chromatography on 5111ca gel the unreacted oxime 156 (20%)

o and the\]actam 123 (20%) were separated. The NMR~sﬁrctrum

_ L . ¢
of the Tactam 192 ('cf.: NMR spectrum No. 8, page 170 )

Ee T ! ) was subJected to the Beckmann rearrangement using'

.. as thef;LC of the crude prdduct fndica%ed the presenge of ~

P N

1 erenpith,




AN

o

showed fhe complete absence ;f the chér%éteri%!%c high-
fie‘1? silgnals"f.or the yé]oprop ll‘pro'tons, but é;ghi_Bited

a two-proton doub1ef t 6 3.62 (J=4.5 Hé ),  and ;

: . complex mult1p1et centened around 5 3.34 ( 2H ) which col]-‘
% -apsed to a broad peak with loss of finme strqnture\ upon

| ‘ treetment of the sample w1th D50 and a trace of tr1ethy1-

:? amine. The lactam gave a positive Be1lste1n test for’ . j

>

en rn b em—————————
.

.,;k j
- f oﬁlorine, and its e1ementa1 analysis corresponded to a

moLecu]ar formu]a C7H]2C1N0 ’ Based on these facts, and

,Q',lf,

keep1ng 1n mind the recent report of fhe conversiop of the
exanon@*oxpme 161 °

) oxime 156 ,to gﬂll-3-ch1orometnylcyc!

: A 6&99:51 ) in.presence of'pyridinéﬁﬁ' roch{or1de]06,.thé_

‘ lactaﬁ isolated was éssﬁgned the strdf%%re 1ggﬁ The two-

, . | protdﬁ'mulfiplét at 6§3.34 dnits NMﬁ'spéctrum is attﬁ?bd; §
— ted‘to the C-2 methy]ene group situated %etween the NH L R
_yA » and the chloromethyl group, and, the two- proton doublet at . i

§3.62 is as§1gned to the chloromethyl group. . - )

. N ' L. . ” o . ;H" 4
- L -, Ox N2
® - ‘un’ ’ ' , “;ii;)LN/C]
. S - .
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The results ‘described above show that the expected

Tactam 193 resulting from the intact migrat?on of the

’

-

cyclopropyf ring was not produced in the Beckmann rearran-
gemeﬁt of 156 %sing PClg. It is to be noted that tﬁe

conversion to the rearranged produTt Wa's Ept ve}y efficient,
as evidenced by the poor yield of the ]act;m'and the recov-

ery of considerable amount of starting material, Also

_ noteworthy is the fact that no Beckmann fragmentation

’product.( i.e. product resulting from the cieavagelof the

6-membered ring ) was observed among the'reactjon products.

"'ing the Beckmann.regrrangement with PC1

The lactam 192 is ‘the result of cleavage of the cyc]oprg;
v R

pyl ring with concomitant addition7of elemgqts of HC1 dgir-

c. It is the 1,7

bond of khe cyclopropyl system waich is cleaved selectively.

" This is in accordance with a récpnt suggestion that this

‘18 n;‘ possible

+

is the weakest bond because of its large orbital overlap

118

with the adjacent system. A plausible méchanism which

will account for the formation of 192 is presented inw

Schéme 6. However, with the data avai1ab1§ at present it

¥

tzdstate with certainty, the sequence and

manner. jn which addition of HCI and opening of the cyclo-

"pfopyl ring tgkes place, or whether the ring opening

)

. -prectdes the rearrangement. . g . !

¢ 4 ’ tw

\

ot

!




Al

———— e

o x ' . )
73 ' , -
N\ , z* :
- ‘ 1 J . . '
" ‘ ‘ » ' - © ‘ + .
*N ClaPO\N H A
s ‘s PC] : ) i ¢
. | — - ey i
¢ . N t |
%v . ]56 . ;l_?i’.. ) H
C1,P0L .
C4TOSN .
® . B ¢ ) ,' H v,
O N ,
) ‘ — «Cl rearrangement - C1 .
| N ' ¥ L
’ 195 ' 19 :
.:l . . v ' -
. - N . ) * ‘ﬂ
? Scheme 6. Mechanism of ‘nucleophilic ring opening of
% " cyc]opropy] system in the Beckmann rearrangement. - s [
:7 " P
. R +
" % ! . ' \’ o
The oxime itself is unaffected by HC1 as demonstrated
\, by the fact that, after storing e~solution of it in ether : s
i " " which has been saturated w1th HC1 gas for 18 hours, 156 ‘

b wWas recovered quant1tat1ve]y af.ter neutra11zat1on and
- c |
AW ) , workup. Interest1ngTy, it was possible to prepare the N
'f‘ i - tosylate 196 of the ox1me Jn excellenf y1gjd by reacting
; ~ ‘ Y A . )
HO\N ‘v; ’ Lo . TSO‘N

0"{ - ‘ . ‘ ‘ TsC1 . ] « ) )
' £ N .- . e
. . Pyridine : T




i A
it with tosyl cﬁloride in pyridine for 3 hours‘at ice-bath

gemperafure In view of ~the findings by Tardella and <co-

106

workers that .pyridine hydrochioride in pyridine causes

the cyclopropyl ring in 156 to opew with addition of HCI

) : ~to produce theiexime 161,~it'was at first suspected that A

Y . . . s ¢ N ‘ ,
i /ﬂvﬂ ' the tosylate produced might be that of the ring-opened - o 3
. [ ’ Sxime 161.. However, the NMR ( .cf. NMR spectrum No. 12, . {

page 174 ) and IR.a%ectra of the product indicated the

s . ' cyc]opropyl ring has been preserved 1n the tosy]ate The

D e Bl ot

Tow reac;1on tempefature, the shorter time, and the Tow
concentration of pyridine hydrochloride are probably res-
ponsible for this result 'in the present study. The tos-
ylate was rather unstable abeve room temperature, and there- o
fore‘ras difficult to recrysta11ize, being partially conver-
hl ‘ ted to the lactam. Upon heating a solution of the tosylate
« ' *  +  in methanol-water briefly over a steam bath tﬁe tosylate -
was C%WVerted to the lactam 193, in which the cyc]opropy]

ring was preserved That the lactam has the structure ' .

-
« .
. . M .,
ki e M = B THATRT L b BhSIE $ 5 o ity Dot i < o n

& 1nd1cated is evidenced by its NMR ( cf. NMR spectrum No, 13,

i : ‘page 175 ), and IR { cf. IR spectrum No. 5, page 181 )
T spectra as‘;{\} as elemental analysis.

*
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‘ In~the case of the oxime 164, however, the reaction :

N . , . : \&

with PC]5 gave the expected lactam 197, although in poor [
: . Co |
yield ( 20% ), a]Sng with much unchanged oxime ( 26% ) «

and a trace amount of a nitrile.’ The IR specirum ofi the-

¥

t

. |
- §
:

. ~ S <
HOL - Ho y o
: . : - N T N=C , , %
. )t : .
. 18 . 197 (203) | 198 / :
»

crude prpduct exhibited thé characteristic bands for the
C=N and'C=C functions at 2250 and 1725 ¢! respectively.
The nitrile arises from the Beckmann fragmentation during .°

théﬁéeaction., The NMR spectrum of the crude product

| ' "c14po'3N ¥ N
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exhibited signals between §0.23-0.65 ( 2H ) characteristic -

of cyclopropyl protons, but did ‘not show apy signals above '
" 82.35 indicating the absence of ény'vinyIic hydrogens in
the product. Of the several possible candidates for %he

\\nitri1e'prbduct arising from the Beckmann fragmentation

o S s g T s v

reaction of oxime 164 ( shown in Scheme 7 ) only 198 has e
. - =
no viﬁy]ic hydrogen, Therefore, the nitrile observed s

suspected. to have ‘the structure '198. , .
’ |

The oximes 162 and 163 'gave higher yields of -the
expected lactams 205 and 206 respectively in ‘52 Beckmann
rearrangemént. In the case of 163 about 11% of the star-

ting material remained unreacted. The NMR sbgctra of both

v - }

o .. . ' ) j
HO\N . . . E
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205 ‘and 206 revealed the characteristic signals from

‘the threé cyclopropyl protqﬁs between 60.50 and &0.97

( cf. NMR spectrum No. 9 of 206, page 171 ). The higher

* yields of ‘the normal rearrangement products in these two

céses, as compared with oximes 156 and 164, indicate
that when a methyl group is present at C-1 ( the m1grat1ng

carbon ) the m1grat1on of the cyclopropy] ring is more

eff1c1ent. The electron- re]eas1ng inductive effect. of
. the methyl group increases the electron density at the

m%gratiqgicarhgn, thereby enhancing the migratory aptitude -

of this carbon to the electron-deficjgnt nﬁtrogen during
/ t

the reaction. It is also noteworthy here that, in spite

' of the fully subst{tuted nat@re of the migrating carbon,

no Beckmann fragmentation proﬂucts were observed in the

reagtions of 162 and 163.

The syn oxime 165 gave a relatively high'yield of the

expected lTactam 207 upon Beckmann rearrangement. The

NMR spectrum of the lactam { cf. NMR spectrum No. 14, page

176 ) exhibited two sets of quartets centered around 62,68
and 63:58'( J = 7 Hz ) which are attributable to the two

. N~
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‘td the cyc]c;prop‘yl. system in 165, The‘migrvatin'g group

156, the oxime 166 also gave a poor’ yvield of the lactam

- —

e e £ o>

)
3 . .
P e e 4 4 -

78"

hydrogens on_C- 4 with conformatmna"!]y di fferent envirs -
onments in %@nd COUpled to the NH proton This was
conﬁrmed by the .observat'ton-. that the quartets coHa_pse‘d
to’a pai-r of doublets upon the additi‘on,of 620 and . a trace
of triethylam{ne to the sample. If{'the l.actam had the

stru_ctulre 208, this "particular observation would not have

¢

s

‘ ¢
1
i

been possible. “The ;obserVed.results also provi’dé add-
itional ‘evidence that the hydroxyl group of the oximino

function is oriented in a syn relationship with respect

1

“in oxime 165 is not the cyclopropyl group, and as such

the resu]t 1s not 1mmed1ate1y relevant to the objective

of the present study’.

In the ox<ime 166 one has an example of an anti-a-

"cyclopropyl ox1m‘e where the oximino %unctlon is in a seven-

membere‘d ring system, unlike the oxime 156 where it is 0

§n-a six-membered system, ‘As in the case of the oxime

ORI R—Y

A




,

s

~

98°0-2£°0 €5°8. $99L O0BOE 00ZE*00VE / 66-L6 12 Juou M N ‘8ee _

, . , i - . . m, . - o , '

R - e g CoL ;

16°0-S€°0 §5°8 0891 m.mom. 002€-06€€ L2Zl-921 > 99 © suou - T3z . i

a ; T s . C S N0

,, .v r .‘ } - ) ~ 0 \ : V .4

€8°0-€9°0 09°8  SS9L 0BOEL 00ZE‘0O¥E L0L-00L vy . auou Yoo\ -9 i

. ) R . ) . 0 i

18°0-€€°0 e - . , © Seli43pu — -4

€°0 - 1678 §S91 0908 00ZE'02¥E ¥llvIllL 9¢ " 40 aunixju Xﬂwo 9le

\ ] ” - ! , ) H- . : 1

$8°0-€S°0 €6°8 099L 080E 002£‘00PE- LEL-621 - 8l ,DQ . ! I ;

! B x - z Q ” . ' r.

auedoado['2A79 T HN® . Q=040 ~ VA HN® 3.9 PloLAY (s)3onpoad We3s€] ~ON. B

. * » . ~

- » o Tt ) ¢, - uoljejuawbedd . " M
it \ ‘ :

( 7122 ) ¥kN u.,T:pa { "129 ) ¥1 TSeuG g U T Qv. o ]

-[u~z]outds 40 _s3uixo jo Juswabueadedd uuewydag uoo:v:.—-mﬂum ay3 .Eo;»wmsmm,uz “m 21qey ”

i . ., ‘ , o

. . . . " il

- . : : }

- . h ) ) « ™ > x .Jﬂ

~ - ' y AN K N ) = . ’ ) . Vo o .B..-._.‘. skl - W.

: ‘ \ : . S 1



87 : . .
. ! . - - : 4
o

15 unreliable. ’The nitrile must arise fromzthe Beckmann
. fragmentation of the ox1me and some of the plaus1ble nodes

Kbf fragmenté&1on are shown in Scheme 8. The nltriles 21

[y

' L . [ o - ’ (——jfgg
N : .
C14P 0 ’ L

~N

) m .
; C<3 214
’(P0C13,C] ) 4
- ‘ ) 213
212’ - <+ . jopening ‘of the'
) S , cyclopropy)
C -7 Jcation and
N ) addition of c1” \
| pe1g 215
167

. L 217 -

Scheme 8. Plausibte modes of fragmentatlon of oxime of
‘ Spiro [ 2. 4 ] heptan-4-one’ ( 167 ).

s . - N

R S )
* \ n . . .
and 215 are-not compatible with tpe°ob§eryed NMR spectrum. .
The nitrile 211, which is assumed to be‘pfoduced by the
Openidg:of the -cyctopropyl cation 213 to the corfeéponding
.allyl cation followed by the addition of chioride ion,

Seems to accdmmoﬁate both the IR and NMR spectral datJﬂw/l

“

~This ass1gnment of structure is tentative and further work

1s ~necessary to establxsh the structure unequ1vocally

' )

r”? ) Mith oxime 16%{having gem dimethyl substitution at

R
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— + "nitriles”
168 o 216 o trace )
‘ , : amounts
, - (76%)
x u
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C-1 the y1e1d of the 1actam 216 rose to 76% Here ‘also’

Qismall fractign of the reaction took the Beckmann ﬁragment-‘

ation pathway Chromatography of the crude react1on prodUCt
yielded trace amounts of a color1ess liquid wh1ch shOWed
only one spot on TLC. ‘However, the IR and NMR spectra of
this crude product seem to indicate that it is-a mixture of
open chain un;atuna}ed nitriles, fhe»IR spectrum showed
characteristic bands for =CH2*('3090 dm‘] with a‘shouldefr
at 3060 cm'1 ), =N { 2240‘cm'1
.and c=C (" 1660 cm;]): The NMR spectrum showed complete -

absence, of resonances in the rigion 60.00- 61 10 indicating

) the absence of cyc]opropy] hydrogens 1n the material. There -

was an unreso]ved mu]t1p1et at §5.33 ( 1H ) and two, over-
lapping unresplved: mult1p1ets at 65.21 anquS 17 (24 ).

‘, The complex pattern of peaks bet;een §1.10 and 62.70- integr-
gted approximately for 11 hydrogens. Ag this juncture one
can only specdfate an thé po;;ib1e structures for the
nitrile products from the Beckmann fragmentation géaction.

Scheme 9 depictétsome likely routes by which various.njtri-‘

Tes can be produced. With the data available it- is not

.
’

With shou]der at 2220 ‘em” ),




.
.

possible to state which two nitriles)are obtained from the -

‘reaction.

'

P I

Py
2

q
’ HgC]

ring opening 22
and addition
of CI: J

218
£z ‘ | .
PC]5 ’ .
N N ‘
- : CN P
4 168 ® +
. )
’ . 223 224
! . ing opening hnd A L
. . : add1t10n of @ ' -
) oo | ‘ f
y < A , . 2—_5_ 8
N " ) 4
Scheme 9. Beckmann :fragmehtation of JLT-dimethyl spiro- o '5 |

[ 2.4 1 heptan-4-one oxime ( 168 )




propyl system, was verified by the observation that, upon

90 I ) "

- . s

G ‘
. -
A1l the other spiro oximes 169 and 170 in which the

4-oximino function is sfituated ‘{ 6-membered ring system

and 171 in which it is in a 7-membered ring system, gab%,

-
upon reaction with PC]S, fair yields of the ‘expected spiro-
lactams. In each tase a trace amount of the starting oxime
was a]so'iden(ifiéd; however, no Beckmann fragmentation
o . —
. ¥
HO\N' I . . H ‘ ]
PC15 \ 0 N
—_— ( 64% )
[ 3
( 66% ) .
, L
!
¢
13
i
. i
( 44% ) '

171 " 228

%

\products were‘detectqble. That the NH group in each of

the lactams T;'sitqatéd between ‘the carbonyl and cyclo-

-~
-

.
- .
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.-‘»1‘ -
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\

exchange of th NH proton with deuterium ( DZO-triethyl- . y

amine ), there was no change in the appearance of'any of

the other signals in the NMR spectrum. If, on the other‘

Kand, the lactams had the isomeric structures 229 - 233

i

the signals from the two hydrogens of the methylene group
\u . a to the NH ( marked with an asterisk )}, would show marked

L

changeS upon exchange of the NH protons with deuterium,

.

- . 32 33 .

———— ——

. ' + « N \ -
\ - -
The fact that no such changes were observed in the NMR
< spectrum upon deuterium exchange, and the fact that each
of the spiro oximes gave on]y a single lactam upon the

Beckmanh rearrangement, with the NH group adjacent to the —

o Ty

cyc]opropy] system, prov1de add1t1ona1 ev1dence;that in

N
=
.

~
the spiro- oximes the hydroxyl group and the cyclopropyl

"

»
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‘system are situated.in an anti relationship to each other,
o

In the Beckmann rearr'angement‘of each of the five

spiro oximes studied, the migrating group‘was-the carbon N
atom.C-3 of the cyclopropyl ring. In all Eases the cyclo-
‘propyl system migrated intact ( cf. Table 9, page 86 ),
JIn.the case of the ox;me 167 and 168 where tr'\e a-oximino

l':function is in the 5-membered ring some fragmentation to
nitriles is observed. The fragmentation in these two
‘cases ‘may part]yr be attributable to the ring strain, The

- oxime 167 gave a rather poor yi 21d, of the lactan 210 while
168 gave Very Qood yield of thg::'rhespon ing lactam 216.
In the latter oxime the gem dimethy] suﬁiutiorrfundoubted-
1y ir;creases the electron density in the cyclopropyl ring
and thus makes migrating carbon ( €-3 ) electron-rich

( compared to €C-3 in 1_6__7' ), thereby increasing the migratory

aptitude of the cyclopropane®in 168.

As the size of the ring carrying the oximino function ,

increased to 6 atoms in oximes 169 and 170, and to 7 atoms

in 171, the Beckmann fragmentation pe;,thway was completely
suppreﬁsed, ar;d the sole product of rearrangement was the

lactam in each case where the cyclopropyl ring sys;tem -
remained intact.. The yields of the lactams from 169 and

170 are -comparable demonstrating that the gem dimethyl
substitution atﬂC-] in 170 has no :pecial effect on the

[y

yields of lactams in the rearrangement. This fact s

contra&y to the observed results from oxime 167 and 168.

va

.
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The reasons for this anomaly are not clear. Another point
to be noted is the fact that with the 7-membered ring oxime

171  the yield of the lactam drops to 44%,

S— )
The data in Table 9 ( page 86 ) seem td';ndicate that

the y1e1ds of the lactam from the spiro oximes are depend-
ent on several factors such/ﬁs the size of the ring in
which the oximino function is situated, ring strain and
the presence of electron releas1ng methyk}substituents in
the cyclopropyl system, Molecular models indicate that,

_as with the bicyclic oximes, back lobe participation of one
of the o bonds of the cyclopropyf ring is not go}ng to be
effective in the transition staté fp( the rearrangement of
the ;piro oximes. This probably is oné of the reasons
that the yields -of lactams are generally lower than those
from the oximes of the acyl cyclopropanes ( cf. Table 8,

_page 80 . On the other hand, the yields of lactams from
the spiro oximes are higher than thosg from the bicyclic
oximes ({ cf. TabTé 9, page 86 ), ;nd this would suggest’
that the migratory aptitude of the cyclopropyl riﬁb is

greater in the spiro systems. 4 )

o,
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SUMMARY AND CONCLUSIONS

.
In grder to achieve the stated objectives of the
[ ,present study three categories of a-cyclopropyl! ketoximes
N g;p, 84b and 85b were synthesized by oximating the
corresponding ketones 83a, 84a and 85a, most of which in
- turn were synthesized by the Corey method of cyc]opropaq-

v
ap‘on76 of the corresponding o,8-unsaturated ketones.
7

% Y )
AN E “
~ (CH, )Y (CHy)s

83 84 5 '

et i —

p a: (Y =0) b: (¥ = NwnOH )
Some of the spiro ketones ( 85a ) were prepared by adapt-
: L
ing methods previously reported in the literature. Many
. of the cyclopropyl ketones and most of the oximes have not
( . ' .
.previously been reported. * -
L)

T A1l of the acy1 cyc10propanes yielded both poss1b1e
isomers (s _1; and anti ) of the ox1me} except trans-2-
phenyl-1- benzpy] cyclopropane, which gave only the ‘oxime '
in wﬁ?;h the hydroxyl-group was syn wgep respect -to the
cyclopropyl system., The syn and anti isomers of the

o o o SN e At el e

.. oximes were separated in all_cases, except that of the -

”

[
-
»
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oximes of 1-gcety]-Z,Z—ﬂimethy]cyc]opropane. The syn

i

isomer of trans-T-acetyl-2-phenyl cyclopropane oxime
and the anti isomer of Eﬁgﬂ§~1-piva10y1-2-phenyf\fycro-
propane oxime were observed to undergo'slow equ{librations‘ /
to the syn-anti m{}tures at ambient tepperatures in chior-
oform or carbon tetrachloride. A1l the oximes of the acyl
cyE]opropgnes yielded lhe expected amides upon”treatment
with PCIc. The structures of the amides were'establ%shed,
' \ by comp@:ison with authentic samples synthesized independ-

ently. Only in the case of the.gngisomer of trans-1- ’
pivaloyl-2-phenyl cyclopropane oxime was there evidence for

\ the Beckmann fragmentation during the reaction with PQ} .

A11 the bicyclo [ n.1.0 ] @Ikan-Z-ones used in the
- present study gave bn]y a single isomer of the oxime in

each case ( cf. Table 5, ;. 54 ).- The hydroxyl group of
the oximino~functi$n and the cycloproby] system were dis~
posed in an anti relationship, except in-the case of the
oxime of 4,4-dimethyl bicyclo [ 4.1.0 ] heptan-2-one 165,
whe}e the hydroxyl function wds syn with respect to .the . v
cyclopropyl group. The configurations of the oximes were
established from their NMR spectra as w1 as from the
structure of lheir Beckmann rearrangement products. The
anti oxime lﬁi was the only oxime in the bicyclic series
‘;hich wa; obtaimed as a liquid,-but it solidified on pro;
longed storage in-the refrigerator. The material melted

over a wide range of teﬁperature,.but showed only a single

[
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spot on TLC. In view of the fact that it gave only a
single lactam, albeit in poor yield, it Seems'reason;ble
to4assume that the oxime is a single isomer with the two
methyl groups cis to each other as in the conformation
164a. The isomer with the two methyls trans to each

other as in conformation 164b will be thermodynamically

less stable.

Oximation of spiro [ 2.n ] alkan-4-ones also yielded

only a single isomer of the oxime 1in each case and it was

‘established by NMR spectroscopy that the hydroxyl group of

the oximino function was oriented anti with respect to the
cjc]opropy1 §ysiem.4 This was further confirmed by the

elucidation of the structure of the single lactam obtained

“in" the Beckmann rearrangement of each oxime., All oximes

in the spiro series used in the present study, except the

oximellgliof spiro [ 2.4 ] hehtan-4-one, wefe previously
unknown in the literature. The structure of the oxime 170

merits some further speculation. The parent ketone 148

7 was obtained in excellent yield from (+)-pulegone by the

>
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Corey cjc]opropahatibn\%eth0d76 Previous 1nvest1gators : ¥

have stated that the ketone thus obtained consisted of
a 50:50 mixture of two possible dqastereomer§ when the
cycfdpropanatinn has effected by using dimethylsulfoxon-
iunm methy1ide912 while a 69:40 mixture was obtained when
the cyé]dpropanation was effected using (diethylamino)-
methy]oxosq]?oniqm,méthyJideBZ. However, the product
obtained trdm (+)}pule§one in the\ph@sent hork gave only

one spot on TLC, and gave an NMR spectrum consistent with

a single isomer. It must also be pointed out that the

'X‘

oximation o} this ketone gave a 92% yield of an oxime

( 170 )'which was also shown to be a single isomer. Furth-
ermore, the Beckmann rearrangement of this oxime gave on]y
one 1actam 1n good yield as Ehe sole product in the
react1on. These results strongly suggest that” the cyclon ‘ e

propyf ketone obtained .from pulegone in the present §tudy

. .
R Y
+

‘consisted of only one diastereomer, The oxime 170 was
“established to have the hydroxyl group and the cyclaprda'
pyl system anti to one another, However, with the data

available at present it is not possible to conclude un-

fi\is aquivocally whether it is the,gig ( 170a ) or trans (170b)

diastereomer. Molecular models indicate that in the

j
=

~ ‘conformation 170a-I where the C-h.methyl is equatorial,
~ ,—’—1——- X ]
the lone pai? on the nitrogen atom is not hihdered by one
, of ™e #Methyl groups on C-1 of the cyclopropyl ring,
whereas,,in 170a-113when the methyl group at C-6 is in

t
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170a -
1
” PR
. Ho~ .
170b
. PE—

. ~‘the less favorable axial position, a methyl group from
the cyclopropyl system offers steric hindrance to-the
nitrogen lone pair. Therefore in the equilibrium of

170a conformer I will be favored. For the trans di-

astereomer (s170b" ), in conformation F, although the C-6

v -
’ \ mity with the methyl groups on the cyclopropyl ring:’ On

v the other hand, in conformation 170b-I11, when the C-6
i methyl group assumes the less attractive axial orient-
ation the steric' hinderance between the nitrogen lone: .

B pair and the methx1~§foup from ihe,;ycloprdpy] system-

. g
) ’ M A -
.- ML Ko P P b cadnl o 2 s Seendeiend

= methyi is equatorial, the nitrogen Tone pair is in proxi-

3
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is remaved. ‘Therefore, it is not as easy to predict

7

* which conformer will predominate in the equilibrium, In

]

RO TP S Sy,

the 1ight of the foregoing discussion it.seems reasonable
to assume that the oxime 170 is the cis diastereomer

existing in the more stable conformation 170a-1.
. -

The oximes of acyl cyc10probanes gave‘good yields of

the corresponding.amides upon the Beckmann rearrangement
. .

in-presence of PClg., Th@fstructures of the amides were

©

. the ant1 oximes of bicyclo [ n.1.0 ] alkan-2-ones gave

confirmed by c0mpar1son w1th authentic samples prepared

1ndependently.\ Only in the case of the,_l; oxime, ( 154a\)
of Eﬁgﬂi-l;pjvaloy]—Z-ernyl eyc1gpropane was there some
evidence of the Beqkmaqp,fraghentation reaction, because
in ad&it?on to a 76% yield of thevexeected'amide 184,
small amount of;§£é£§;1%cyenofz-phenyl cycfopropane‘lgg
was also isolated. The data ffom tﬁe rearrangement of

the acyl cyclopropane‘oxihes inqicate:that the cyclopro-
pyl group migrates as e#ficient]y hsnan alkyl g;oup. In
view of this facifity for mi@faFioq'withoﬁt ring cleavage

during the process, a mechanism for the rearrangement is -

.postulated whereby‘the transition ‘state for ihe _rearrange-;

ment is stabilized by tﬁe back- lobe part1c1pat10n of the

o- bond orb1t31 of the cyclopropyl system

In contrast to the oximes of the acyl cyc}opkopane§,

only poor y1e1ds of the Beckmann rearrangement products

In the case of the anti oxime ( 156 ) of bicyclo [4.1.0]-

.
o N a
.
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heptan-2-one some iGteresting results weré obtained.
_'Treatmen% of the oxime with PC] did not yield the eipect-
ed 1act5h but 1nstea¢, gave' eXC]USTVE1y the lactam 192,
a]be1t in poor yield. Th1s lactam\was shown to be the
product of ring opening of the cyc]opropane with additlon
~of elements. of HCI fol]owed by the rearrqngement. A ';
mechanism to support ;his.postulatg has béen advanced
{ c¢f. p. 73 ). Such cleavage of thé cyclopropyl ring
with addition of HCI during the Beckmann rearrangement
using PC15 has not been observed previous1y. ~However,

recently pyridine hyﬂroch1oride has been demonstrated to
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bring about the cleavage of the cyclopropyl. system with
. ) addition of HC1 in the same oxw‘me]o6 The same,reagént‘

has also been found to reacf in fhe s-ame manner‘)with
\' O several a—cyclopropy]’ketones producingfy-chloro ( 8-
gh]orpmethyl")"kétonesyos In the present study it was.
demonsfrafed {haf whén.thé tosy]até't lgg.) of the o;imé
'l§§'was subjected to the so1?o1ytié Beckmann rearrange-
ment the lactam 193 was 6btainéd in wpich the cyclopropyl
sygtem has been preserved. Interestingly, none of. the
ofher Axiﬁes in ghe bicyc1iclserie; did undergo‘swph
-cyq!qpropy] ring opening with addition of HC1 during the
‘Beckmann FearrangeﬁénF in“presehce of PC]S. The- oxime
« lgi.gaye, along with the lactanm 1gj.resu1ting from the
, Beckmann rearrangement, fréce amounts of a nitrile
arising from the Beckmanh”fragmentation. A structure
for -this nitrile as well as é.possible mechanism for its
formation has been postu1atéd ( cf. p. 75 ). It was also
" ndted that, in the anti oximes of the bicyclic series,
the presence of an electrén-releasing~methy1 sub§titueqt
at C-1 intfeased the yjé]ds of lactams from such oximes.
This has been rationalized as beihg due to the added_
electron density at this migrating éarbon which enhances
. {ts migratory aptitude to the e]ectrdh;deficiqnt Mitrogen
- - .during the rearrangement. The poor ﬁigratory aptitude
of the cyclo;rOpyl group in tfe bicyclic séries ( as

" evidenced by the poor yields of rearrangement products

e 5 o % 5 et i
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‘when c@mpared to the acyl cyclopropane oiimengt has been

explained as being due to conformational-restrictions

imposed by the bicyclic system in which the back lobe

participation of the o-bond of the cyclopropyl ring is

ineffectiye, making the departure of the leaving group '

“and the migratioh of the cyclopropyl system less of a

toncerted process in the rearrangement step.

A1l the oximes of'spirql[‘z.h ] a]kén-&—ones studied
in thé present investigation had the hydroxyl grouﬁ
oriented iﬁii‘ to the cyclopropyl system. The configura-
tional assignments have béen made by NMR spectroscopy,

and were further confjfmed by the establishment of the

" structures of the lactams resulting from the Beckmann

rearrangement. In the spiro series only oximes "167 and

. . ‘ \
168 gave, in addition to the corresponding lactams, trace

amounts of nitriles resulting from the Beckmann fragment-

ation. The fragmentations observed-have been attributed.

partly to the ring strain involved in these oximes where =

the oximino function is in a 5-membered ring. “Possible

HOS .
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structures for the nitriles as well as the likely modes

a2
+
U s STWRE ot L e -

of their formation have been postulated:-( cf. p. 89 ).
The results of the Beﬁkmann }earréngement;of the oximes
of the spiro series indicate that the yields qf lactams
have been increésed when eiectron—re]easjng~methx}
substituents were present at the C7] tarbon of ihe
cyclopropyl rjng. This can be rat;onaiizea as being dye ‘
to the increased electron supply to the“cyclpprOpy1

system, thereby increasing the electron density of the

- N

migrating carbon and its migratory aptitude.

The ggneral trend oéserved ig the present study is
that the miéﬁation‘qf the cyclobropyJ'group during the
BecRmann rearréngement takes place most effectively ‘in )
acyl cyc10propane.ox1mes, less effectively in fﬂ% spiro‘m

series, and least effectively -in the bicyé]ic series. , "

ot

It is suggested that in -the rearrangement of the acy]l

cyclopropane oximes the batk lobe partfcipatjoﬁ of the

PSRN

- \ .
cyclopropyl g-bond is a dominanf facter, whereas in the . ) : \

spiro and bicyclic seriés this phenop€non s nonexist-

]
L]

ant. One other notewo?thyi fact<%§ that, contrary . to

.the generaj t}enﬂ obseryed~{n the Beckmaﬁn’rearrangementS'
of :hrtrisubstituted,ketoximes/iﬁcluding ;;a-disubstitui-
ed,cycloa]kanbne qxime@a, ﬁany bf the éximes of the'bj-' '
cyclic and spiro series §tudied here did not give rise F ~

to any Beckmann fragmentation. products. It 'is also

concluded from the datacavailable from the present study

' ¢ : '
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. - that, in the absence of special conformational restrict- ,
f [y ‘ »
. . ions, a cyclopropyl carbon migrates as effectively in the
‘ ‘ M
. ¥ . ® *
. + Betkmann rearrangement as a saturated or an unsaturated :
.+ .carbon. - .- B : ‘
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SUGGESTIONS FOR FURTHER STUDY

:;i& order to study the migratory aptitude of the

s

cyc?ﬁﬁ%opyl system under thé usual Beckmann rearrange-

ment conditidns, three cate@ories of oximef 83b, gig,

and 85b ( cf. p. 94 ) having an’a-cyclopropyl system '
were sy%thesize? and subjected to the Beckmann rearrange-.
ment using PCIS. Although an exhaustive list of vari-

ously substituted oximes was not used in each category,
enough var1gty was available in each to achieve the
stated objectives and to make va\Jd concluswn? regard-
ing certain mechanistic aspects of the cyclopropyl

,migrations in the Beckmann rearrangement of such oximes.

An obvious extension of the present study would be
to have more va}ied examqles in each category with vari-
ous patterns of subséitution invo]vfng both electron-
denating and electron-withdr;wing 3}oups. In the acyl
cyclopropane d@ximes ( 83b ) one could, for example, have
aromatic systems havinb para substituents’ ( both electron-
withdréhing and electron-dohati%g ) at the B-carbon with
respect ‘to the oximjno funciion. and study the effects of °

'

such substituents in the Beckmann rearrangement.

* from the Qbservéd facility with which thescyclopropyl
AN . 3
system migrated without ring cleavage in tha“acyl cyclo-

prepane oxjmés, it was hypothesized that the transition

- ’
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states for the rearrangement Jf these oximes were séqbi—
lized %y considerable participation of the back lobes of
the cyclopropyl o-bond, ( cf. structure 189, p. 69 ). If
such pariiﬁipation is significant, one would expect to
observe variation in the rates of rearrangement with
variation of the electron density in the cycloprépx]
system. .Therefore, it would be inferesting to invest~
! ‘ ‘fgate the rates of solvolysis of a series of tosylates of
the oximes in this series: For example, one showld
expect to see considerable differences in the rates of
such tosylates with_g-phenyl, g-para-nitrophenyl, -and

. 4
B-para-methoxyphenyl substituents. The para-methoxy-

) phenyl substituents~should exhibit anchimeric assistance
‘ in the solvolysis. It would als Le interesting to )
compare the results of the solvolytic Beckmann rearrangé- .
ment of the 6xime tosylates with thbse of theqPCis-induced )
redrrangement of the oximes themselves.
y _ _ar
In the bicyclo ( 234 )#and spiro ( 236 ) series of ’
oximes, if one were to vary systematically the size of :
the ring attached to thé cyclopropyl system from 3 or |
4 carb6n§ ( if possible ) through 7 or 8 carbons, it ‘ 5
would provide a more complete picture of the rearrange-
- ment processes, and put the conclusions on ; firmer
ground. In addition to.varying the ring size one could e

aiso vary the types of substituents at,tﬁe appropriate

. b
. positions and study their effects in the rearrangement.

o * ’ *

! . .
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Here also itlwou1d be intgresting to prepare 'the oxime
tosylates and to compare the results of the solvolytic
Beckmann'reprrandement‘with those of the rearrangement
induced by PC]S. ' I

The results of the Beckmann rearrangement- of the: .
bicyclic oximes ( described in Séction 5.2., p. 70 )
indicated that the presence §f "an electron-releasing
methyl group on %he migrating carbon { cf. oximes 1§§_aqd
163 ) enhanced the migratory aptitude of this éarboni ih
the rearrangement. In this conhection it would be inter-
esting to study ox%mes & 234 ) with a variety of substi-
tuents inc¢luding e1ectro;-withdrawing ones which would

be expected to decrease the migratory aptitude of cyclo-

propyl system. It would also be interesting to study

HOy HOLy s
« R’
(CH,) - (thyye” R
” 3 ‘ 235

— —

-
A

oximes having substituents R' and B; on the carbon *

marked with an asterisk as in 235. Here also electron-
releasing substituents are expected to increase the
migratory aptitude of the cyclopropyl system, while

electron-withdrawing substituents are éxpected to show'a.

.

/
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,retardation effect.’

In the Epiro series 6f oximes also it ‘woqu be
interesting to wtudy the effect on the rearrangement of
both'electron-releasing and electron-withdrawing substi-
‘tuents. For example, a'series of oximes of the'typé 236
and the%f tosylates could be ﬁreparea and their Beckmann

rearrangement could be investigated. An interesting
- 0*‘

' aspect would be the study of the rates of-solvblyses of

[ 4

the tosylates as a function of.thé’substituent R in 236. .

Pt

The syntheses af the ketones required for the various
types -of oximes suggested above should also provide

. )
interesting and challenging problems. . .

“ X a0 . ,
o
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EXPERIMENTAL

¥’
Melting Points and Boiling Points: A11 melting and 4,

boiling points reported are uncorrected. Melting points

were measured with a Gallenkamp MF-370 instrument.

Elemental Analyses: These were performed by Gaib-

raith Laboratories, Inc., Knoxville, Tennessee. d

Thin Layer Chromatography ( TLC ):  Analytical TLC

was accomplished on standard microscope slides coated in
this laboratory with Baker Aluminum Oxide 9F( 1-054] ) or
E. Merck Silica Gel GF-254, Components were detected by
using 2 MINERALIGHT Model SL-2537 UV lamp with short
wave filter, supplied by  Ultra-Violet Products‘ Inc.,
South Pasedana; Califorpia or MINERALIGHT uUvsS, II,

supplied by ,Ultra-Violet Products Inc., San Gabriel,
/ ‘

. California, by use of iodine vdpour or by use of conc..

sulfuric.acid’Spfgy followed by heating the slide on a

hot plate.

I3

Dry Column Chromatoqraphy: This was accomplished
’ | 119

by the technique described by Loev and Gopdman

Fisher Alumina Acid, A-948 ( B0-200 Mesh, deactivated
to Brockman Activify' 111 § or Baker Silica Gel 3405

\

{ 602200 Mesh ) were generé]]y uﬁgg as the absorbentﬁ.

R ratio of-l.gram of reactionﬂﬁix{ure to 25-30 gram of ‘

-
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v ',
absorbent was usually used. Fractions of- 10 mL were

collected and monitored by TLC.

IR Spectra: These were routinely recorded with

Perkin Elmer Model 457 and Perkin Elmer Model 599B Infra-
red Spectrophotometers, using chloroform or carbon tetra-
ch]oridJaS‘solvents.‘ The intensities of the absorption
bands are designated as strong. (s), medium (m), or weak

(w).- Most spectra were recorded using a matched set of

0.1 mm NaCl cells, w;V;angths are accurate to ! 5 cmf]

NMR Spectra: ‘These were recorded with a Varian A-60A -

Spectrometer, or a Varian T-60 Spectrometer, on undegassed
samples K‘as 5-10% solution in CDC13,,0C14I). A1l chem-
jcal shifts are expressedvih,ppm (6 ). relative tp TMS used

as an internal standard. The peaks are designated as sing-

' ' ¥
let (s), doublet (d), broad singlet (bs), multiplet (m),

symmetrical m&]tiplet ( symm-), and quartet (q).

~

S
Reagents and Chemicals: Chemicals for the present

study were obtained from various commercial sources

as_indicated below:

]

Aldrich Chemical Co. Inc.: (+)-Pulegone, Tech.; 1-

carvone, 98%; cyclopentanone; cyc[ghexanone; 2-cyclohexen-

1-one; isophorone, 98%; 3-meth§1 cyc]ohexénone; .2-methyl-

_cyclohexanone; diethyl malonate; ethyl acetoacetate; trans-

2-phenyl cyclopropane-l-carboxylic acid,‘95%; trans-2-

’
ol




&.

or ligroin refers to the fraction with boiling range 60-

"sure" and "high vacuum" refer respectively to the vacuum

11

. . ‘ )

phenyl cyclopropylamine hydrochloride, 97%. ’

J. T, Baker Chemical Co.: ~ Silica Gel 5-3405 ( 60-
200 Mesh ).

i

Eastman Organic Chemicals: Benzalacetone ( tran§-4-

phenyl-3-buten-2-one ).

Fisher Scientific Company: Mefhyl iodide; dimethyl

sulfoxide,

K & K Labo%atdries, Inc.: ( Pinacolone,.

Mallinckrodt Chemical Works Hydroxylamine MWydrochlo-

_ride.

Matheson Coleman & Bell: Phosphorus pentachloride.

"Sigma_Chemical Co.: Alumina Acid, WA-1 { it was

converted to activity III by addition of 6% distilled

water ).

General: ’ : -

.

Detailed procedures are given only for reactions that ‘

" gave identifiable products and for those reactions that !

gave -known products\by new routes. 'Petroleum éther' ' !

w5 7

[T
~:?
s
7

75°C unless stated otherwise. The terms "reduced pres-

£ ]

obtained with a water aspirator and an oil pump. Column

chromatogfapﬁy implies the technique of dry Eolumn chro-

: £
s
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. Sm— .
matography described prevﬁous]y Solutlons after | ) ’

extraction wére washed w1th water and_ dr1ed over anhyd-
rous sodlum sulfate unless indicated otherw15e + Ethanol
refers to 95% so;ut1on. A11 solvents foy recrysta}]fja--
.tion,,réébtion and cﬁromatbgraphf were dﬁied”andﬁdist{Tlgd

before use. o ‘

.. -

General procedure of pxclopropanation of a,f- unsat-
{

urated olefinic ketones with d1methy1 su1foxon1um methx—
76 .

lide: " The method descr1bed by Corey and Chaykovosky

120

and the procedure out]wned by Fieser and Fieser with

m1nor modifications were‘fo]]owed. In a 500 mL_three- . o %

necked flask equipped -with a magnetic st\rrer, pressure

. o e

equalizing addition funne], and reflux condenser was
placed required amount of sodium hydr de and 100-150 mL
of dry DMSO, while the system was be{ng flushed with dry’

|
%

nitrogen. The reaction vessel was cooled by a cold water .

. . bath ( ca 5°C ) and the required amount of trimethyl sul-
76

foxonium jodidé’ " was then added with g%irring. Following
tde cessation of hydrogen gas evolution the mixture w&s
stirred for an additional 15 min éf room temperature. A
so]ufion of the requi}ed amount of the g ,B-unsaturated
i ’ ketone in 25-50 mL of dry DMSO was thenﬁgdded dropwise

. with stirring and cooling ( ice-water hath ). Fdllowing

‘

this the mixture was stirred for an additional 2 hours at

<

. g o

" room temperature and for 0.5 hour at 50°C. After cooling

%%
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pinacolone

to . roem temperature the reaction mikture was
-

poured .onto 100-200 g of crushed ice, stirred and extra-

cted severa] t1mes with ;ther The ether extracts were

combined and washed with water and brlne and dr1ed over

anhydrous sodﬂum su]fate Ether was then evaporated to

91ve the crude cyclopropyl ketone, Aftgr‘record1ng its

IR and NMR spectra ang)the TLC characteristits the crude
material was purified by distillation under reduced

°

pressure or by column chromatography.
-

Tﬁans-z-phenﬁa-l:pivaloy1 cyclbﬁrdpane ( 124 )r

"The genera] prccedure of cyc]opropanation of - ‘o, B unsat-
"urated ketones was followed The ylid was prepared from

1.51 g ( 0.063:mol..)) of NaH and 13,95 g {- 0.063 mol’ ) of

trimethyl su]foxdnium jodide ,in 30 m[/pf dry DMSO. To this
solution a solution of 11.28 g ( 0,061 mol ) ;; benzal-

% in 20 mL of dry DMSO was added with cooling
( ice bath ), during 10 min. The mixture was stirred
for 2 h at room temperature and 0.5 h ;t 50°C. The hsuaf
work-up ‘gave 11.80 g of a yellowish oil which was disti-

11ed under reduced pressure to give.lo.ks g ( 87% ) of

a colofless oil bp 104-106°C ( at 12 torr ). NMR (CC1,) " _~

$1.16 ( 9H, s 3CHy ), 61.16-2.42 ( 4H, two sets of m,

centered at 61.56. 2.30, cyclopropane ), 87.13 ( 5H, m,

Ph ); " IR ( neat ) 1690 { s, C=0 ), 1600, 1400, 700 cm”'.
Anal: Calcd for C]4H]80: ¢, 83.12; H, 8.97. Found:

C, 83.03; H, 8.89.

K s
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d - )
Attempted reaction of dimethy] sulfoxonium methylide
. g N '
with isophorohe: The general procédure of cyclopropana-

tion of a, B—unsatufated ketones was followed. To a mix-
ture-of 0.5 g (0. 022 mol ) of NaH: and 4.70 g ({ 0.022 mpl)
“of | CH ) SOI in 50 mL' ef dry DMSO was added a solution
“6f 2. 76 g ( 0.02 mo] ) of fresh!y distilled disophorone
. in 100 mL of dry DMSO . 'The so]ut1on was st1rred for 2 , -
h at room temperature and the resu1t1ng purple colored

so]utlon was heated for an additional 1 h at 50°C. The

usual work-up gave 2.50 g of an oil. Ihe'IR aq§ NMR

spectra of this material indicated it to be the uqchanged‘

starting material. No change’to(the starting ketone

was observed upon prolonging the time of the reaction,

increasing the temperature or changing the solvent to

dry THF.

4,6- D1methy1 bicyclo [ 4.1.0 ] heptan 25one ( 132-):

To a m1xture\of 1.26 g ( 0.052 mol ) of NaH and 11. 55 g°
( 0.052 mol ) of (CH3)3

SOJ in 40 WL of dry DMSO was added
.a solution of 6.20 g { 0.05 mol ) of 3,5-dimethyl-2-

cyclohexen-1-one’ ( 107 )8 in 100 mL of dry DMSO.  The
dark purple reaction mixture was stirred 18-h at room
temperature. The usual work-up gave 5.50 g ( 80% ) of
an oi1'§p 84°C ( at 5 'torr ). NMR (CC1,) §0.70-0.94 %
( 3H, m, cyclopropane ),8 1.21 ( 3H, s,;Cﬁs },81.33 |
. ( 3H, s, CH, ),60.94-2.41 ( 54, m ); IR ( neat ) 3080,

Al
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1690 (s, C=0 ), 1450, 1375, 1290, 1270 c¥" .
‘ Anal. Calcd for CgHy,0: C,'78.21; H, 10.27.

Found: C, 78.16; H, 10733,

4,4-Dimethy] bicyc]g_[ 4.1.0 ] heptan-2-one ( 131’):

Following the general procedure, from 6.20 g ( 0.05 moi )

of 5,5-dimethyl-2-cyclohexen-1-one ( lll_)72 in 15 aL

of dry DMSO and 1.26 g ( 0.051 mol ) of NaH, 11.55 ¢

( 0.051 mo1,) of (CHy),S01 in 80 mL of dry DMSO after ™
rstilring for 2 h at room temperature and then 1 h at 5050,

followed by the usual work-up, was obtained 3.70 g (53%) .

of an oil bp 84-85°C ( at 2 torr ). NMR' (CC1,) 6 0.80-

2.08 ( 84, m ),80.96 ( 6H, s, 2CHy ); IR (neat) 3070,

1675 (s, €=0 ), 1460, 1275.cm ). ' N

0: C, 78.21; W, 10.21. Found

14

Anal. Calcd for-CgH !
¢, 78.29; H, 10.28. ) !

1-Methyl bjcyclo [ 4.1.0 ] heptan-2-one ( known as

1-meth1J-2-norcaranone94 ), (133 ): Following the

general procedure, from 2.52 g ( 0.105 mol ) of NaH, 23.1

g
i
.7

g ( 0.105 mol ) of (CH;)3S01 in 50 mL of dry DMSO and 11

g (-0.10 mol ) of 2-methyl-2-cyclohexen-1-one®’ in 25 mL
of dry DMSD after stirring for é h at room teﬁperature and

- 0.5 hI;l 50°C, followed by the usual work»dp, was obtained

10.24'g of a yellowish 0il., Distillation of the crude

. . . A
0il gave an improved yield (.9,0 g; 72.5% [ 17t 659 1)

of a colgilingmaterial bp 57-58°C ( at 4 torr ), [1it??"

»
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v 7 ‘ “ s
bp 88-90°C ( at 19 torr ) J and [ 1it.”2 bp 76-78°C ( at |
, 12 torr ) 1. NMR (€C1,)%0.70-2.50 ( 9H, m ), 6 1.2]
(34, s, CHy ); IR (neat) 3080, 1670 ( s, C=0 ), 1355 <:
(s ), 1125, 1100 ( m ) cm” ). ’

LY

1,1-Dimethyl spiro [ 2.4 ] heptan-4-one ( 146 ):

Following the general procedure of cytlopropanation, 12.4
g ( 0.10 mol ) of 2-( 1;methy] ethylidene ) cydlopentanone59§ ’
in 25 mL of dry DMSO was added to the suspension of 2.64 g
( 0.11 mol ) of Na and 24.20 g ( 0.11 mol ). of (CHy),S0I
in 100 mL of dry DMSO at 7°C. " After spirring for 15 h
at room temperature, followed by the usual wark—up, was
obtained 10.0 g ( 72% ) of a colorless, oil bp 67°C ( at (
10 torr ), 1 lit.sg»bp 5%-67°c ( at 11 torr )]. NMR(CC14)
8§ 0.66 and 8 1,23* ( centers of*two d, 2H, cyc]oproéane, L
’ J =.4 Hz ),81.21 ( 6H, s, ZCH3 }, 8 ].83;2.40 ( 6H,, m-)a
IR (neat) 3040, 1710 ( s, €=0 ), 1350, 1050, 820, 800 cm™', ~ 3

General procedure of oximation of the ketones ' )

A mixture of the requ1red amount of the cyclopropyl §
ketone in 30-50 mL of 95% ethanol and a so]ut1on of the
,/ requ1red amount { 10-20% excess ) of hydroxy]am1ne
//hydroch1oride ( NH,O0H. HC1 ) and the. required amount
{

10-20% excess ) of sodium acetate 1in minimum amount

: (*)- Part of doublet at&§ 1.23 was overlapped with the

} ‘ \ methyl resonance atég 1.21.
Fo ‘ x ‘
s .
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of water ( 14#%0 mL ) was'stirred at rogm temperature
for 2-4 h.- The reaction mixtufe was examined b} TLC.
1f the unchanéed ketoﬁe(remained, it was refluxed over a
steam bath for an additional 1-2 h. Cold water was then
added, . the solid patefia] was_filtered, washed and dried.
', In casés where-tﬁenqxime oiled out, the crude oxime was
extracted several times with diéthyl e{her. ¥The ether
extracts were combined, wéshed with water and ﬁéHCO3
solution followed b& sodium chloride solutioﬁ, and drigd
b over anhydrous Na2504. The solvent was evaporated to
leave an o0il or solid material. - IR, NMR spectra were
routinely recoeed and the pro?uck was examined by TLC.
The crude oxime was purified b;'column chromatogiraphy,

rec}ystpflizatidn or by dis$i11ation under high vacuum,

>

Oximes qf 1-acety1-2,2-dimethy1‘cyc]opropanz ( 152 ):
The'general procedure gj oximation was followed. A mix-
ture of a solution of 5.60 g ( 0.05 mol ) of 1-Ecety1=- ‘ ..
2,2-dimethyl cyc1oﬁropane (122 }82-85 5p 50 mL of 95%
| ethanol and a solution of 4.92 g ( 0.06 /M0l ) of NaOAc
S and 4.14'9 ( 0.06 mol i of‘NHZOH.HC1 in 15 mL of water
was refluxed over a steam bath for 1 h, The reaction’
mixfure was extracted with ether, washed and ‘dried.
Evaporation of the solvent gave an oil Which was distilled
under reduced pressure to give 5.l§ g (81%) of a color-

" Jess material bp,51-53°C ( at 16 torr.). This was assumed

N
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to be a 2:1 mixture of the E- and‘Z-isohers of the oxime
,\ R .
as estimated by the NMR study of the Beckmann rearrange-
ment product of‘the material ( see p 62 and p 63 ).

NMR (QC14) 5§0. 35 0.92 ( 2H, m, cyclopropane ), &1.00

( 3H, s, CHy ), 81.16 ( IH, s, CH; ), 67.90°( 34, s, CHy ),

69?56 ( H, s, OH ); IR (CC14) 3600, 3250, 3080, 3060,

1640 ( w, C=N ), 1450, 1370, 1220, 970 cm”'.

Bximes of trans-1-acetyl-2-phenyl cyclopropane {153):

Following the genera] procedure of oximatién, a mixture

of 6.75° g ( 0 042 mol ) of trans-l-acetyl-2- phenyl cyclo-

propane86 287 4n 50 mL of 95% ethanol and 6. 9] g ( 0.084

mol ) of NaOAc and 5.85 g ( 0 084 mol ) of NH,OH.HC1 ~in

2
20 mL oerater was refiluxed For 1 h over a steam bath.

After ether extraction and work- up was obta1ned 7.30 g

‘( 98. 9% ) of an oil wh1ch solidified upon stand1ng at

room temperature, mp 72-84° C. Examination of the crude
material by NMR indicated that it consisted of a mixture
of the two isomers of the oxime,in an'apbroximate ratio
of 6:1;( anti : syn ). Recrystallization of the crude

solid-from pétro]eum ether ( bp 65-110°C ) gave 5.40 g
™

_( 80% ) of a white crystalline material which melted at

97-99°C. ~ Based on the spectra\ and elemental ana]ys1s.
the structure of this compound was a551gned 153b

( E-oxime ). NMB (CC14)6 1.00-2.40 ( 4H, m, cyc]oprbp-‘
ane ).)%1.91 ( 3H, s, CH, 5, §7.35 ( 5H, s, Ph ),810,23

B . '
‘ ( TH, bf, OH ); IR (CHC]3) 3580, 3260, 3080, 3060, 1645

s

o

Aol

*

¢
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(w, C=N), 1600 (s), 1450, 950 cn” ',
Anal. Calcd for €y Hi,NO: €, 75.40; H, 7.48; N,
7.99. found: C, 75.22; M, 7.40; N, 7.92.

#- The syn-oxime ( Z-isomer 153a ) ‘was obtained ( 0§gg;
15 % ) as a solid upon chromatography of the mother

liquor of recrystallization over 85 g of silica gel*using
a mixture of benzene-ether ( 1:1 (v/v)). 1t was recryst-
allized from petroleum ether, mp 80-82°C. NMR (cc\4) §
1.10-3.00 ( 4K, m, cyclopropane ), 8 1.73 ( 3H, s, CHy ),
57.35 ( SH, s, Ph ), 810.0 (4, bs, OH ); IR (CHCT,)
3580, 3260, 3080, 3060, 1645 (-w, C=N ), 1600, 928 cm'].

Oximes of trans-z-phenxl-l-pi&é1oy1 cyclopropane

( 154 ): The general procedure of oximation did not
result in any product. The procedure of Shrinerloz was
then follofld. To a solution of 8.0 g ( 0.04 mol ) of
2-phenyl cyclopropane-1-tZbutyl ketone { lgg_l in 60 mj
of abs. ethanol and\13’mL of pyridine, was added 5.50 g
( 0.08 mol ) of NHZOH.HCI. The mixture was refluxed for
15 h on a steap bath. The solvent was removed at redu-
ced pressure fo116Qed by addition of 100 mL of water.
The white s®1id which precipftated was suction filtered
and washed with water until the éomplete~remova1 of
pyridine was achieved. ReErysta]]ization from 250 mL of
a mixture of methanol-water ( 4:1 (v/v) ) gave 6:98 g

( 854 ) of a white crystalline material, mp 129-130°C.
This compound was assigned the structure 154a. NMR

-

*
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g (CBCI3) 61.19-3,26 ( 4K, m, cyclopropane ), §1.22 ( 9H,

es, 3CHy ), 67.18( 5H, m, Ph ), 69.16 (' 1H, bs, OH );

IR (CHCT4) 3580,\3250, 3080, 3060, 1655 (w, C=N ),. 1600,
1450, 950, 930, 700 (s) em™ V.
" ¢
X ) \
Anal. Calcd for (:]4 ]gNO C, 77.38; H, i?.ﬂ], N, .

6.45, Found: C, 77.40; H, 8.93; N, 6.39.

. The E-isomer ( anti-oxime )} 154b was obtained as a

white solid 1.20 g ( 15% ) mp 84-86°C upon evaporation of
the. mother liquor and recrystal]‘izatibn of thé product

L from methanol-water. MR (CDClg) 41.63-2.72 ( 4#, m,
cyclopropane.), §1.37 ( 9H, s, 3CH;), 67.46 ( 5H, m, P ),
§9.41 ( 1H, bs, OH ); IR (CHCI3) 3580, 3250, 3080, 3060,
2970, 16&}5 ( w, C=N ), 1600, 1450, 950, 930, 700 c_m'l.

2
A

~ Oxime of trans—1-benzoyl-2-phenyl cyclopropane

( 155 ): Following the general procedure of oximation,

i
3
‘4

a mixture of 3.0 g ( 0.013 mol ) of trans-2-phenyl-1-
benzoy‘l cyclopropane 125 in 0, mL of ethanol and 1.47 ¢
( 0.018 mo) ) of NaDAc and 1.25 g ( 0.018 mol ) of
NH207H.HC1 in 10 mL of water \s;as refluxed for 24 h over a
‘steam bath, Examination of the mixture by TLC showed
no oximation héd taken place. To the same mixture an

';sé\iona1 2.0 g of NH,OH.ACI and 2.0 g of NaOH was

added and the mixture was further. ref]uxe‘i over a steam

1o

bath for an add1t1ona1 24 h. The TLC examnatwn of the

,so]ution 1nd1cated the total consumptio—n of the starting

[ % .

A oy = e - t -

¢
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ketone. Water was then added to the mixture and the

. xwhite precipitate formed was extracted severa) times with
chloroform, Thg combined extracts were washed with water,
dried and evaporatéd to give 3.17 g ( 98% ) of a solid

- material. This material was recrystallized from»a’mixaure

of methanol-water ( 20:7 (v/v) ), mp 9%—93.5;9; Only a

single isomer was obtained whose structure was adgigned

158 ( I-oxime ). NMR (CDCl13) 81.22-2.78 ( 4H, m, cyclopr-

pane ),68 3.47 ( 1H, s, N-OH ),87.40-7.80 ( 10H, m, Ph ),

NMR spectrum ( No. 1. p. 163 )5 IR (CHC1,) 3580, 3270,

8 3)
3080, 3060, 3000, 1605, 1495, 695 (s) cm™ ).

Bicyclo [ 4.1.0 ] heptan-2-one oxime ( known as

2-norcaranone oxime )107 (156 ): The procedure descri-

106

bed by Tardella and others was . followed with a minor

modi fication. From 2.75 ¢ ( 0.025 mol ) of bicyclof4.1.0]-"

82,94

heptan-2-one ( 94 ) and a solution of 2.43 g ( 0.035

mol ) of NH,OH.HC1 and 2.98 g ( 0.035 mol ) of NaOAc in

2
15 mL of water and 30 mL of ethanol, after refluxing for

. 1 h over a steam bath followed by ether extraction, ajs

obtained 3.0 g ( 95.8% ) of a white soltd which was recrys-
. ' ¢
tallized from hexane, mp 85-86°C [ 1it!9%:1%7 mp 83.86°C

( petroleum ether ) aanlit?]

mp 87-88°C }. This' oxime
.was assigned the structure ( 156 ), ( E-coqfiguratfon’). .
NMR (CC1,) 6 0.42-1.20 ( 2H, m, cyclopropane )y § 1.26-2.30
(7H,,m ), 82.42-2.88 ( H, .m, on C-3 ), 5§ 10.33 ( TH, bs,
P oo , 3
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(E)-1-methyl bicyclo [ 4.1.0 ] heptan-2-one- oxime

( 162‘): Following the genéra] procedure of oximatian,

fiom 8.0 g ( 0.064 mol ) of 1-methyl-2-norcaranone>> 495

in 150 mL of ethanol and a solution of 10.57+g ( 0.129.

mol ) of NaOAc and 14.0 g ( 0.129 mol ) of NH,OH.HCI im, "

‘60 mL of water, after refluxing 2. h over a steam bath ,

followed by ether extraction, was obtained 8,90 g of an
, .
qilx Distillation of the eil using a short column under

vhcuum'gaue 7.80 g ( 87% ) of a colorless viscous ofl
4 " ~ \

bp 104-106°C ( at 2 torr ) which solidified upbn standi@g.
~ * “
Recrystallization from petroleum ether ( bp 30-60°C )

gave cubic crjétals mp 51-52°C. Based on spectral and

- elemental anaﬁysis this material was assigned the struct-

ure ( 162 ), in which the oxime'hydroxyl'gréup“is anti to

the .C21 methyf and cyclopropyl ring ( E-configuration ).

M * ;w P :
MR (CC1,) 50.50-1.18 ( 2H, m, cyclopropane ), 61.28 ( 3H,
S5, CHy ), 61.43-2.03 (m ), 62.20-2.75 ( 24, m, on C-3 ),

§10.20 ( TH, bs} =N*OH ), NMR spectrum ( No. 2, p. 164 ).

" IR (€C1,) 3600, 3250, 3080, 1645 ( w, C=N ), 1440, 950 cm’
Anal. Calcd for CgH,,NO: C, 69.03; H, 9.41; N,
10.06. Found: C, 68.98; H, 9.34; N, 10.01. "
P

Pc (E)¥4~139prqu1idene—]~metb&?ﬂbicjc]o [ 4.1,0 ]-

heptan-2-one ‘oxime ( 163 ): Thé general procedyré of’

oximation was followed. A So]uﬁ{on of 16.40 g ( 0.10 .

L]
.

=N-OH ); IR (CC1,) 3600, 3250, 3090, 1645  w, C=N ) cm” ',

1
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mol ) of 1-methyl-4-isopropylidene b1cyc1o [ 4.1.0 ]- ) :

76,91,96 in 150 mL of ethano1 was mixed with

heptan-2- oﬁe
a solution of 12.30 g ( 0.15 mol ) of NaOAc and 10,42 g
( 0.15 mol ) of NH,OH.HCT in 80 mL of water and then the
mixture was ref]uxed for 1 h over a steam bath. ‘The'sol-
¥ vent was removed under reduced p@essure until the appear-
ance of white precipitate. Excess water was then added
and the solid was suction filtered, washed with water and
dried at room temperiture to give 16.40 g ( 91.5% ) of a
white.so1id. Re%rysta11ization from a mixeure of water-
methanol ( 1:1 (v/v) ) gave 15 g of a crystalline mater-
ial mp 102-103°C. This product wae assigned the structure’
ig}_in which the oxime hydroxyl group *is anti to the c-1
methyl on the basis of its NMR spectrum. No other isomer

~could be obtained. NMR (CDC]é) 6§0.55-1.08 ( 3H, m, cyclo-

S s, CHy ), 6

, 64.76 ( 2H,

4

R (CCly) " -

propanee), §1.30 ( 3H, s, CH3 ), §1.73

1.91-2.23 (m ), $2.53-2.91 ( 1H, m, on C-3

unresolved s, =CH, ), 69.73 ( 1H, bs, OH );

3600, 3280, 3080, 1645 ( w, C=N ), 900 cn™'.

»

Anal. Calcd for Cy H,,NO: C, 73.70; H, 9.56;. N, : :
- 7.81. Found: C, 73.79; H, 9.70; N, 7.70. Mass spect-
. ‘ Y2

rum m/e 179 ( Mt ). o \ :
. .
4,6~ D1methy1 bicyclo [ 4.1.0 ] heptan -2-one oxime

i
- - to- -1

( 164\0 . The general procedure of .oximation was fol1owed 4
To 4 14 g ( 0.03 mo! ) of 4,6- d1methy1 bicyclto { 4.1.0 ]- ' %
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heptan-2-one ( 132 ) in 25 mL of ethanol, a solution of
4,92 gl( 0.06 mol )‘of.NaOAc and 4.14 g (.0.06 mol ) .of
NH,OH.HC1 in 15 mL of water was added and the mixture
refl&xed gver a steam bath for 1 h.: Ether extraction gave
an,0ily material which was distilled using a short column
to give 3.50 g ( 70% ) of a colorless oil bp 124°C ( at

4 torr ). This oil sol1d1f1ed upon standing for ca FE
months in the- refrlgerhtor, mp 42- 52 C. All attempts at
recrystallization uSing d1fferent solvents failed, NMR
(CC1 )30.48- 0 82 ( 2H, m, cyclopropane ), §0.96-1. 03

3 J \WFHZ ), 81.23 ( 3H, s, CH3 ), 5] 32—‘

2.23 (m ), 62.42-2.93 ( 1H, m, on C-3 ), 69.73 ( 1H, bs;
.

( 3H, -d, CH

OH )5 IR (CCl,) 3600, 3250, 3080, 1650 ( w, C=N ).

- Anal. Calcd for cgnlsno C, 70.55; H, 9.87. Found:

-

C,70.47; H, 9.77.

. o ! ’
4,4-Dimethyl norcaranone oxime ( 4,4-dimethy) bicyclo-

[ 4.1,0 ] heptan-Z-one oxime) (165):  The éengra] proce-

dure of oximation was followed To‘a solution of 3.45 ¢
( 0.025 mol ) of 4,4- dimethyl norcaranone ( 131 ) in, 25
mL of ethano1 was added a m1xture of 3.45 g ( 0. 05 mo1 )
of NHZOH HC1 and 4.10 g ( o 05 mol ) of NaOAc in 15 , ml
of water The mixture was ref]uxed over a steam bath for
3 D: Excess water w;s added to the reaction mlxture and
was placed in an ice bath for 1 h. The_prec1p1tated'
white solid was suct%on filtered, washed with water, dried

b ’
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1

in the a1r and was recrysta111zed from methano]ﬁ%ater

( 1:1 v/v) )} to yield 2 85 g ( 74.5% ) of white needle-

. shaped crystals mp 139-140°C. Based on the elemental

analysis, NMR and IR spectra, this material was assigned
the structure ( 165 ) in which the oxime hydroxy? g}ouﬁ
is syn to the cyclopropyl ring ( Z-configuration ). NMR
(CDC1,) 60.46-0.60 ( 1H, m, cyclopropane ), §0.92 ( 6H,
5, 2CHg ), 61.16-2.61 ( 7H, m ), 6§9.03 ( 1H, s, OH );
IR (CHC13) 3580, 3250, 3070, 2940, 1645 ( w, C=N ), 1450
950 cm ). | ” i
Anal. Calcd for CgH, NO:» C, 70.55; H, 9.87; N,

9.14. Found: C, 70.54;° H, 9.98; N, 9.05.

?

Bicyclo [ 5.1.0 ] octan-2-one oxime ( 166 ):~ Foly] ow-

ing the general procedure of oximation, from 3.95 g ( 32

44,97 11 30 mL

mmol ) of bicyclo [ 5.1.0 ] octan-2-one
of ethanol and a solution of 3.50 g (- 0.05 mol ) of hydro-

xylamine hydrochloride and 4.25 g ( 0.05 moi ) NaOAc in 15

‘mL of water, after refluxing 2 h over a steam bath and

ether extract1on, was obtained 4.39 g ( 98% )} of a color-
less 0il. It was chromatographed over 100 g of silica gel
using CHC]B-acefbne ( 4:1 (v/v) ) and was then distilled

under high vacuum to give 2.75 g of a viscous oil bp’90-

/7

w1th an improved

(*)- MWas prepared according to Padwa®’

yield pf.62% ( 1it. yield 49% ).

)
H
t
T
3
¥
i
3
‘
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93°C ( at 0.4 torr ). NMR (CC1,) 50.86-1.05 ( ;H, m,

cyclépropane ), 61.66 ((m ), 61.83—2.68‘( m ), 89.78

(1 H, bs, OH ); IR (CCl,) 3590, 3250, 3080, 1645 (c=N),

1440, 960 cm™'. .
Anal. Calcd for CgHigNO: C, 69.03; H, 9,41,

Found: C, 69.193 H, 9.54.

¢

(E)-spiro [ 2.4 1Aheptan-4—one’3xjme ( 167 ): fhe

L3

- general procedure of oximation was followed. From 5.0 g

( 0.045 mol ) of spiro [ 2.4 ] heptan-4-one { 99 )99-100
in 40 mL of ethanol and a solution of 5.76 g { 0.06 mol )
of NaOAc and 4,72 ¢ ( 0.06 mol ) of NHZOH.HC] in 20 mL)of
wate?hafter stirring for 15 h at room temperature followed
%y ether extraction was obtained 5.30 g ( 94% ) of a
white solid which was recrystallized from hexane mp 64-

65°C [ 1it. '}

mp 60-60,5°C J. NMR (CC14) §0.62-1.15

( 4H, sym m, cyclopropane 5, §1.70-2.20 ( 4H, m ), 5 2.50-
2.80 ( 2H, m, on €C-5 ), 69.50 ( 1H, s, OH ), NMR spectrum
( No.3 , p. 165 ); IR (tc14) 3600, 3280, 3080,.1665 ( We

L=N ), 1350, 950, 920 cm” .

LE)-),]-dimethyl spiro [ 2.4 ] heptan-4-one oxfme)

( 168 ): The general procedure of oximation was followed.

A solution of 8.25 g ( 0.06 mol ) of 1,1-dimethyl spiro-

[ 2.4 ] heptan-4-one ( 146 )5 in 60 mL of ethanol and a

solution of 5.55 g ( 0.08 mol ) of NH,OH.HC] and 5.10 g

2
{ 0.08 mol ) of NaOAc i? 30 mL of water was refluxed over

v
L AR ag s A
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a steam bath for 12 h. The ether extraction resultgd in
8.60 g ( 93% ) of an oil which solidified upon keeping

at room temperature. It was recrystallized from 15 mlL

of hexane, mp 61-63°C ( sublimed mp 62-64°C ). Based on
the spectral analysis, tﬁe structure 168 was assigned

for this material in'which hydroxy} group of the oximino
function is anti to cyc]opropane { E-¢onfiguration ).

NMR (CC ) §0.50-1. 10 ( 2H, q, cyclopropane, J = 4.5xHz ),
§1.18 ( 6H, s, ZCH3 ) §1.66-2.08 ( 4H, m ), §2.50-2,75
(24, m, on C-5 ), 869.66 ( 1H, bs, OH ), NMR spectrum

( No. 4, p. 166 ). IR (CC1,) 3600, 3280, 3060, 1655 ( y;
“C=N ), 1450, 950, 920 cm™ . |
~Anal. Calcd for CgH,gNO: C, 70.55; H, 9.87. Found:

C, 70.35; H, 9.95.
- ) \

(E)-6-methyl spiro [ 2.5 ] octan-4-one oxime ( 169 BE

In accordance with the general procedure of oximation, a _
solution of 3.40 g ( 0.025 mol ) of 6- methyl sp1ro [ 2.5 }-
. octan-4-one ( 131_)99 in 20 mL of ethanol and a solution
of 2.79 g ( 0.04 mol:-) of NHZOH.HCT and 3.40 g ( 0.04 mol ')
‘ of NaDAc in 10 mL of water were mixed and stirred for 15 h
at room temperature followed by refluxing over a steam .
: bath for 0.5 h. Ether extraction of the reaction m1xture
I gave 3.75 g ( 98% ) of a viscous oi;%Which solidified upon
storage at room‘temperature It was recrystallized from
hexane, mp 59-61°C ( sublimed mp 61-63°C ). This material

was assigned the structure 169 in which the OH ‘function’ is

l

e o
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~€-5), 69.73 ( 1H, bs, 0H-), NMR spectrum ( No 5, p. 167 );~

C=N ), 1450, 950,930 cm”'.
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anti to the cyclopropame ( E-configdration ). NMR (CC14)
§0.41-0.58 ( 4H, m, cyclopropane ), §1.07 ( 3H, d, CHy,
Jo=5Hz ), §1.81-2.0 ( 6H, m ), 63.16-3.38 ( 1H, m," on

S
& .
IR (CC]4) 3600, 3270, 3080, 1650 ( w, C=N ), 1450, 1370,

1260. 1010, 940, 915 ( s ) cm™'.

Anal. Calcd for CgH]SNO: C, 70.55; H; 9.87. Found:

C, 70.57; H, 9.72.°

(E)-1,1,6-trimethyl spiro [ 2.5 ] octan-4~qne‘5xime

( 170 ): Following the general procedure of oximation,

a mixture of a solution of 4.75 g ( 28.5 mmol ) of 1,1,6-

182,91 4n 75 mL

trimethyl spiro [ 2.5 ] octanJ4-one,( 148
of ethanol and a solution of 4.0 g ( 58.0 mmol ) of hydro-

xylamine hydrochloride and 4.67 g ( 58.0 mmol ) of NaOAc

O

in 20 mL of water was refluxed for 2 h over XN steam bath. .

ot M R nd 7

Extraction of the reaction mixture with ether gave i/75 g
(. 92% ) ‘of a solid material which was recrystallized from \
methanol-water ( 2:1 (v/v) ), mp 82-84°C. The structure’
170 ﬁas:assigned for this material in wﬂiqﬁ the OH group

R S R %@

is «in anti';élhfiBHEhip with the cyclopropane ring ( E-

Al
3
|
%
#
3
1

»

configuration ). ~ NMR (CC14)6 0;;270.2 ( 24, .m, Eyc]opro—
pane ), 81:02 ( 6H,s, 2CHy ), 81.21 ( 3H, s, CHy ), &
1.00-2,00 ( 5H, m ), § 2.78-3.55 ( TH, m, on C-5.),69.80
(1, bs, OH ); IR (CC1,) 3600, 3280, 3065, 1660 ( w,.

I

‘Anal. Calcd for CyqHqgNO: €, 72.90; H, 10.56; N,

P
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7.73. Found: <, 72.86; H, 10.37; N, 7.66.

(E)-spiro [ 2.6 ] nonan-4-one oxime ( 171 ): The

general procedure of oximation was followed. A mixture of

a solution of 7.0 g ( 0.05 mql ) of spiro [ 2,6 ] nonan-4-

one ( 98 )°? in 40 mL of ethanol and a solution of 6.80 g o

( 0.08 mol ) of NaDAc and 5.55 g {( 0.08 mol ) of NH,0H.HC1
in 30 mL of watek was stirred at room temperature for 18 I /f

h. Ether extraction of the reaction mixture gave 7.50 . g

~

( 98% ) of a white solid which was recrystallized from

petroleum ether ( bp 30-60°C ), mp 47-48°C. NMR (CC14) .

§0.38-1.01 ( 4H, KA'BB' sym m, cyclopropane ), 6§ 1.65 ( 8H,

s'), §2.58-2,75 ( 2H, m, on C-5 ), 89.97 ( 1H, bs, OH ); N
1

IR (CC1,) 3600, 3250, 3075, 1635 ( w, C=N ), 900, 700. cn” . ,
Arial. Calcd for CgH,NO: C, 70.55; W, 9.87. |
Found: €, 70.53:; H, 10.05.

Generai procedure of the Beckmann rearrangement of

the cyclopropyl ketoximes with_PCIS:

| In 2 250 mL three-necked flask fitted with a mechan-

g 1c$1 stirrer, a pressure equalizing dropping funnel and
a thermometer was placed tﬁe required amount of finely ¢
.powdered PCl; in 50-100 mL of anhydrous diethyl ether and :

‘the réactigs vessel was cooled to ice-b;th temperature.
To this solution the required amount of the oxime in 25-

s 503mL\of anhydrous ether was then a@ged dropwisé o;er 5-

10 min ( <3°C ). The mixture was kept stirred for 1 h

-

8
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) recrystalliiéd from appropriate solvents.

}30 Tb

W

at room temperature. The reaction mixture was then
poured onto 50-100 g of crushed ice with rapid stirring
and was neutralized witﬁ 10% NaHCO3 so]u;ion and satura-
ted with NaCl and then was extracted with three 20-30 mL
portions of ether. The combined ether solutions %ere
wasged with water, brine, dried over anhydrous’sodium
sulfate and evaporated by rotavapor to yield anloi1 or
a'golid-material. IR spectrum of the crude material was
Foutine]y recorded, TLC on silica gel or alumina using
appropriate solvents was employed to determine the num-
ber of products. The crude material wag generaijyvchr;m— o
atographed over acid-washed alumina ( activity III ) or

silica gel ( Baker 5-3405 ). Thesolid products were ~

)

Beckmann rearrangement of oxjmes~éf 1-acetyl-2,2-

dimethyl cyclopropane ( 152 ): The general procedure of ¢

the Beckmann rearrangement with PCI; was followed. ,From

0.7 g (5.5 mmol } of a mixture of syn, anti-oxime of

JESNRCA N TDUSEE I

152 in 25.mL of anhydrous ether and 1.37 g ( 6.5 mmol )
of PCl5 in 50 mL of anhydrous ether, st}rred for 1.5 h
at ice-bath temperature, _.after the usual work-up was
obtained 0.65 g ( 92% ) of a brown oil. The NMR spect-
rup of fhis)méterial indicated it to be a 1:2 mixture of
178 and 177,  NMR (CC1,)§0.25-0.68 ( m, cyclopropane),
§1.03, 1.07, 1.10, 1.13 ( 12H, all singlets 4CHy },82.0

[

v
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s, CH3 ), 82.83 ( d, CH3, J=25Hz ),864.8 ( bs, NH ),
§7.42 ( bs, NH ). Chromatography of the crude material
over alumina using ether-benzene ( 2:1 (v/v) ) as eluent
gave 0.22 g ( 34% ) of a solid which was necryst&l]fzed
from pétfo]eum ether ( bp 30-60°C ), mp 52-55°C ¢( sublimed
mp 54-56°C ). .This compound was assigned 2,2-dimethyl-
cyclopropane-]-aﬁetamide structure 177 . NMR (CC14)6(L5
( 2H, m, cyclopropane ), 6 1.10 ( 3H, s, CHy ), 61.13 ( 3H,
s; CHy ), 62.0 ( 3H, s, CHy ), §2.50 ( 2H, m, cyclopro-
pane ), 68.25 ( 1H, bs, NH-); IR (cc1,), 3445, 3280,
3080, 3060, 1650 { s, =0 ), 1450, 1300 cm™ .
~ Anal. Calcd for C,H gNO: C, 66.11; H, 10:30; N,

137
11.01. Found:- C, 65.92; H, 10.53; N, 11.07,

Beckmann rearrangement of (Z)-trans-1-acetyl-2-phenyl

cyclopropane oxime -{ 153a ): To a suspension of 0,80 g

( 3.80 mmol ) of PCl; in 40 mL of anhydrous ether was added
gradually 0,50 g ( 2.80 mmol ) of well powdered (Z)-oxime*
153a, After 1 h stirring at ice-bath tempgrature, the

usual work-up gave 0.35 g ( 70% ) of a'white solid which

‘ was recrysta]]i}ed from beniengahexane ( 1:1 (v/v) )y, mp

93.5595°C. This compound wds assign&d trans-Z-phenyl-

A}

(*}- Solid oxime was directly added, to Pc15’suspensibn,
due to the tendency of the oxime toward isomeriza-
tion in ether solution.

>
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cyclopropane-1-N-methyl carboxamide structure 179 . NMR
(CDC13) 6T.00-2.66(( 4H, m, cyclopropane ), g}.BS ( 3H, d*
CH3,‘J = 5 Hz )? 66:68 ( TH, bs, Nﬂ_?, 57.40 ( 5H3‘m, PH )
NMR spectrum (No. €, p. 168 ); IR (CHC1;) 3460, 3325,

3®80, 3060, 1650 ( s,/C=0 ), 700 cm™ ). f

Beckmann rearrangement of (E)-trans-l-acetyl-2-phenyl

cyclopropane oxime ( 153b ): The general procedure of the

Beckmann rearrangement was fol]owed. To a suspens%gn of
1.50 ¢ (7.2 mmol ) of PClg in 100 mL of anhydrous ether
was added a solution of 0.9 g ( 5.08 mmol ) of the oxime
153b in 50 mL of anhydrous ether. The white,suspension;ﬁa§

stirred for 1 h-at ice-bath- temperature. 4he usual work-

. ’

up gave 0.85 g of a dark brown oilbwhich was chromatogra-
phed over 20 g of silica gel using eyher—benzene ( T:1

(v/v) ) to give 0.70 g ( 77% ) of a white solid material
which was recrystallized from pétro]eu% ether, mp 94-96°C,
This compound was assign;d Er32£11—acétamid%-Z-pheny] cyc:
lopropane ‘structure 180 . NMR (CDQ13) §1.05-1.30 { 2H,

m, cyclopropane ), §2,0-2.26- ( 14, m, cyclopropane ), § 2.8-
3.15 ( 1H, m, cyclopropane ), §2+0 ( 3w s, CHy ), 5 6.81
(“1H, bs, NH ), §7.50 ( 5H, m, Ph ); "IR. (CHC1,) 3340, 3300,
3080, 3060, 3000, 1670 ( s, C=0 ), 1600, 1450, 700 cm'].

Anal. Calcd for €y Hy N0 €, 75.405 W, 7.48; N,7.99
Found: C, 75.44; H, 7.40; N, 7.94. “

-

(*) The doublet collapsed to a singlet with D,0 and TEA.
A,Qz( cf. NMR spectrum No. ‘7, p. 169 L%
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Beckmann rearrangement of (Z)-trans-2-phenyl-1-

pivaloyl cyélopropang oxime ( 154a.): Following ' the

general procedure, to a suspen;ion of 2.28 g ( 0,011 mol )
PC]5 in 50 'mL of anhydrous ether was added a solution of
2,17 ¢ { 0.01 mol ) of (Z)-oxime 154a in 70 mL of anhyd-
rous ether. The mixture was stirred for 2 h at iceé-bath
temperature. The usual work-hp gave 2.10 g of a.white
solid. Recrystallization of the crude material from a
mixture of pet}oleum ether ( bp 30-60°C 5 and benzene
( 1:1 (v/v) ) gave 1.65 g ( 76% ) of a cfy%tal]iné mater-
ja) mp 134-1350¢ [ 14¢%0  mp 136-138°C; (1-Pr),0 solvent],
Based on spectral data and comparison with an authentic
sample, this compound was identified as trans-2-phenyl
cyc1oproﬁane—l-N-£;butyi‘carboxamidengi. NMR 60013)£ 1.40
( 9H, s, 3CHg ), 81.05-2.66 ( 4H, m; c&c]opropane ), §5.66
( 1, bs, NH ), 67.42 ( 5H, m,h )i IR (CHCI,) 3440,
3335, 3080, 3060, 3090, 1655 ( s, C=0 ), 1600, 1510 (s),
1450;‘700 cm'?; ‘ »
. s

The material from the mother liquor was chromatbgra-
phed .over 20 g aluﬁina using petroleum ether ( b 30-
60°C ) and benzene ( 1:2 (v/v) ) to give 0.10 g ( 5% ) of
a soIid\matérigi‘mp ééﬁc ( petroleum ﬁfher ) ['lit]2]
mp-53-56°C ]. This compound was identified as the nitrile

185 .- IR (cC1,) 3090,3070, 3040, 2240 ( s, C=N ), 1600,
700 (s ) ™', | “

e
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" NMR (CDC13) §1.03-1.30, 1.91-2.33,%2.98-3,15 ( 4H, t

3360, 3080, 3060, 3000, }EﬁS ( s,.C=0 ), 1600, 1495 cm™ ',
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Beckmann rearrangement of (E)-trans-2-phenyl-1-

pivaloyl cyclopropane oxime { 154b ): To a suspeﬁsion of

0.70 g ( 3.30 mmol ) of PCl; in 20 mL of anhydrous ether

‘was added 0.50 g ( 2%30-mmol ) of the oxime 154b. The

mixture was stirred for 2 h at ice-bath temperature. The
usual work-up gave 0.40 g ( 80% ) of a yellowish solid. ®
which was recfysta]1ized from a mixture of petroleum ether
Y bp 30-60°C ) and benzene ( 3:1 (v/v) ), mp 107-109°C.
Based on the spectral data and comparison with an authenéic
sample, this compound was identified as the structure, 186.
..

sets of m, cyclopropane ), 8 1.22 6 9H, s, BCH3 ), &=6.27

( 1H, bs, NH ), 5.7.45 ( 5H, s, Ph ); IR (CH013) 3460,
!

Beckmann rearrangement of (Z)-trans-2-phenyl-1-benz-

—

oyl cyclopropane oxime ( 155 }: The general procedure of

the Beckmann fedrrangemenf was followed. A so]ut%bn of
1.19 g ( 0005 mel ) of oxime 155 in 30 mL of qnh;drqus
ether was added dropwise witﬂ,stirrdng'tb a suspension of
1.56 g (.010075 mol ) of PClg in 50 mL of anhydrous-efher
which was kept in an iée-bath. The mixture was\stirfed
for 1 h at ice-bath temperature followed by'stir?ing for g

an additional 1 h at room temperature. The usual work-

up gave 1.14 g of a yellowish solid, which was chromato- .o

-

Vo

(*)- See footnote on p. 131.
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graphed over a short cp]umn of alumina using ch\oroform

as eluent. The crude matéria] was-recrystal]ize& from
o benzene to give 0.70'g ( 58.8% ) of a white solid, mp
43 144 C. Based on spectral data.and comparjson with
an authentic sample this compound was ﬂdent1f1ed as Eggﬂg— ’
2-phenyl cyclopropane-N-pheny] carboxam1de (187 ). NMR
(CDC13) 61.15-1.88 ( 3H, m, cyclopropane ), §2.33-2.75
~ | ( 14, m,<§yclopropane ), 6§7.0-7.67 ( 10H, m, 2Ph ), §7.9&
. | | ( 1H, bs, NH ); IR (CHCl3) 3439, 3320, 3080, 3060, 3000,

, 1680 (s, €=0 ), 1600, 1520, 1440, 690 cn™'.

Authentic Samp]es

Trans-2-phenyl cyc]bpropy1 1- acetam1dg ( 180 y: A

solution of 3.56 ( 0:021 mol ) of trans-2-phenyl-cyclo-
pfopy]amine hydrocﬁloride in 40 mL of water was neutral- -
ized by a dilute selution of 0.90. ¢ ( '0.22 mol ) of NaOH.

The reaction mixture was extracted with two 30 mL portion

Ty of benzene and dried over'anhydrous Na,50,. This solution
o was _added dropwise to a solution of 1.60 g ( 0.02 mol )
- of acetyl chloride in 25 mL of benzene in a flask which

was kept 1n an ice-cold water bath and- the mlxturt was
stirred for an add1t1ona] 15 min. It was poured onto 50
mL of ice-cold water and was neutralized by cautious add-
ition of 10% NaOH solution. The benzene layer was sepa-
rqtepﬁ'washed dried\anﬂ evaporated‘to give 1.10 g ¢ 3% )

of an oil which solidified upon standing at ambient

S A e e s e e s AP U PSR sl
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1\ ~
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't%Mperature; Itiwas rec?ystallizcd from a mixtuv.
hexane-benzene (1:2 (v/v) ), mp 95-96°C.\ NMR (CDC13) $
1.05-1.30, 2.0-2.26, 2:80-3.15 ( 4H, m, cyclopropane ),

® i

8§2.0 ( 3H, s, CHq ), .81 ( 1H, bs, NH ), 67.50 ( 5H, m,
“Ph )3 IR (CHC]B) 3340, 3300, 3080, 3060, 3000, 1670 (s,

"]f The admixture of this com-

X=0 ), 1600, 1450, 700 cm
gdgnd with the product obtained from the rearrangement of

the oxime 153b did not depress‘ the me1t1ng point.

TranSwQ-phenyl cyclopropane-N-methyl carboxamide
¢ 179 ) = A mixture of 8.10 g ( 0.05 mol ) of trans-2-
phenyl cyc1opropane 1-carbopylic acid and 7.0 g ( 0.06
mol ) of fresh]y distilled thionyl ch]or1de in 68 mL of
’ dry benzene was refluxed for 3 h. The sélvent and excess
of thlonyl chloride were removd! by d1st111at1on and 30
mk of fresh benzene weskthen added. The solut1on was
:cooled in an ice bath an* eXcefs methylamine ( generifed
Tx . ‘y gently heating a mixture'. Sf powdered methylamine hydro-
i ch]oride and sodium hydroxide ) was passed through it.
The react1on mixture was then poured into ice- water, the

W

%organic 1aye? was separated washed and dried. The remo-
e

/ val of the solvent yielded 8.0 g gygzx ) of a brown 0il
;- which solidified upon standing at room temperature. The
matgrial was recrysta111zed from a Morture of benzene-

hexape ( 1:1 (v/v) ) giving a white crystalfine material

40

mp 94-95°C [ lit. mp 98-99° c ( ethyl acetate ) 1.

~
-

I
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b \ '. ~ Voo
NME (CDC13) §1.0-2.66 ( 44, m, cyclopropane ), 82.85*%

( 34, d, CH3, 0‘= 5 Hz ), 6§6.68 ( 1H, bs, NH ), 67.40

( 54, m, Ph. ), NMR spectrum ( No. 6, p. 168 ); IR (CHCl3L
3460, 3325, 3080, 3060, 3000, 1650 ( s, =0 ), 700 cm ]. )
o

Trans Zipheny1 cyclopropane-N-t- butyl carboxamide (184)

A\leture of 1.62 g ( 0.01 mol ) of trans-2-phenyl cyclo-
propane—]-carboxy]ic acid and 4 mL of freshly distifled

thionyl chloride in 20 mL of dry benzene was refluxed for

n
1 h, The solvent was removed and 5 mL of f

'sh benzene® ¢
was then added. The solution was cooled in gh ice bath
and was added to a solution of 1.0 g ( 0.013 mol ) of t-
but&]amine in 10 mL of benzene. The mixture was stirred’
and ngfluxed'for an additional 10 min, cooled and was
poured into 50 mL of ice-water, neutralized with NaHCO,,
and ‘the solution ‘was e#tracféd with two 25 mL portions

of benzene. The cohbined benzene layers were washed with

water, and dried over NaZ§04. Evaporation of the so]vent

_gave 2.0 g { 92% ) of a yellowish solid, which was recrys-

talllzed from a mixture of petroleum ether ( bp 30- 60 C)
and benzene { 1:1 (v/v) ), mp 135-136°C T 1it.%0 mp 136-

/

138°C (i-Pr)o0 solvent ]. NMR (C0913) 61.05-2.68 ( 4H,

!

(*)- This doublet collapsed to a singlet upan the add-
ition of 2.drops of D20 and one drop of triethyl amine :
to the solufion. See NMR.spectrum No, 6, and 7 on
pages 168 and 169, ‘

#

-~
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two sets of m, each centered at 61.17 and §2.50, cyclopro-

pane ), &61.40 ( 9H, s, 3CH, ), 85.:91 ( 1H, bs, NH.), 67.42

3
( 54, m, Ph.); IR (CHCI 3440, 3335, 3080, 3060, 3000,

1.

3)

1655\( s, €=0 ), 1600, 1450, 700 cm” The admixture of ~
this compound with the product from the rearrangement of

the oxime 154a did not depress the melting point.
— v

¥

’ Trans-2-phenyl cxplopropj]-]-trimetth acetamide
( 186 ): Solution A: A s;?ution of 3.40 g ( 0.02 moT.)
of trans-2-phenyl cyclopropylamine bydroch]orige in 25 mL
(\’; of water was néutra]ized with Q.Bolg ( 0.021 mol ) of

NaOH, The reaction mixture was extracted with 20 mf  of

benzene and drijed over Na2504; Solution B: A so]utionlof,;

2.0 g ( 0.02 mol ) of trimethyl acetic acid (‘pivglic acid}
in 100 mL dry ‘benzene was refluxed with 4.80 g ( 0.0 mol )
of freshly distilled thionyl chioride for 2 h. The solveft
was disti]léﬁ off and 10 mL of fresh benzene was then added
and removgd at reduced pressure ( to eiiminate the 1last

traces of thionyl chloride ). A further portion of 10 mL

~ ~\~“:¢w/""\ benzene was added and the solution was cooled to ice-bath

: température. 4
The solution A was added dropwise to the Solution B
in an ice. bath. The mixture was‘stirred for an additional
10 min and was pou?ed into'?o g~5f icélwater, andvneutra-.
lized with 10% NaHCO3 solution. The organic layer . was

separated and the solution wa§ further extracted with benz-

‘ene. The combined benzene layers were washed, dried and
’ A

.,

. e

¥
4

3

f
N
1.
i
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evaporated to give 3,20 g ( 73% ) &f a yellowish solid,

It wa&;fézrysta1lized frog-a mixture of petroleum ether |

1 bp 30-60°C ) and benzene ( 3:1 (v/v) ), mp 106-108°C

[ 1i¢.40 mp 110-112°C; (i-Pr),0 . NMR (00013) §1.03-

.1.30, 1.91-2.33, 2.98-3.15 ( 4H, all m, cyclopropane ),
§1.22 ( 9H, s, 3CHy ), 66.27 ( 1H, bs, NH ), §7.45 ( 5H,

g, Ph ); IR (CHC13),3460, 3360, 3660, ]655 € s, C=0 k’ps

1

1600, 1495, 700 cm '. The admixture melting point of this

‘sompound with the rearranged product of oxime 154b remai-
’ hl
ned unchanged. : ' -
RO

Trans-2-phenyl ¢yclopropane-N-phenyl carboxamide

( 187 ): A mixture of 1.0 g ( 6.16 mmol ) of trans-2-
T.phenyl cyclopropane-1-carboxylic acid and 3 mL %f freshly
distilled thionyl chloride in 10 mL of dry benzeng was
refluxed for 2 h. The solvent and excess of thionyl chlo-
ride were removed by distillation. An additional 20 mL of

benzene was then added and the solution was cooled in an

jce bath, To'this so]ution‘was added a solution of 0.80 g

( 6.40 mmol ) of freskly distilled aniline in 10 mL of dry

[

benzene. The mixture was stirred for 15 min at room tem- .

perature and then poured into 50 mL of ice-water. The

:
4

. {' ‘ benzene layer was separated and the aquedus layer was ext-
racted with benzene. The combined extracts were washed |
dried and evaporated to give 1.21 g ( 82:5% ) of a solid- N

material which was recrystallized from benzene, mp 143~

144°C. Admixture of this material with the rearranged




 ——————
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product of oxime 155 did not depreés the melting point.

NMR (cDC1,) ¢1.15-1.88 ( 3H, m, cyclopropane ), §2.33-2.75

3)
( 1H, m cyclopropane ), §7.0-7.67 ( 10H, m, 2Ph ), 67.92

( 1M, bs, NH ); IR (CHC1;) 3430, 3320, 3060, 3000, 1680

( s, C=0 ), 1600, 1520, 1440, 690 cm” . .
+ ) \

Beckmann rearrangement of bicyclo [ 4.1.0 ] heptan-2-

one oxime ( 156 ): The general procedure of the Beckmann

IR (CHC] ) 3420, 3300, 3230, 3070, 2940, 1658, 1440 cm .

rearrangement was followed. From 1.50 g ( 0.012 mol ) of
oxime 156 in 30 mL of-anhydrous ether and 3.50 g ( 0.017
mol ) of PClg in 150 mL of anhydrous ether, after the

usual work-up was isolated 0.75 g of a yellowish solid.

. The crude material. was chromatographéd over 18 g of silica

¥

gel~( Baker ) using a mixture of diethyl ether-hexane'( 3:1
(v/v) ) to give 0.30 g of unchanged starting material
( confirmed by ir spectrum and mp ) as the first fraction.

The second fraction ( 0.30 g ; 20% ) was obtained as a

white soljd upon eluting the cpTuhn with 'diethyl ether,

and this material was recrystiﬁ]ized from a mixture of
hexane-benzene { 1:1 (v/v) ), mp 122- 123 C. Tﬁis product‘ )
was 1dent1f1ed as 1-chloromethyl-3- azacyc]oheptan -4-one
(192 ).  NMR (CDC14) 81.50-2.16 ( 57 m ), §2.58-2.70
((2H, m ), 63.22-3.46 ( 2H, m ), 83.62 ( 2H, d, J = 4.5
Hz ), §7.33 (14, bs, NH ), NMR spectrum ( No. 8, p.170 );
.
A;aI. Calcd for C7H]2C1ﬁéi ¢, 52.01; H, 7.4?. Found:
¢, 51.91; . H, 7.60.
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Attempted reaction of oxime of bicyclo [ 4.1.0 ] hept-

an-2-one ( 156 ) with-HC1: Into.a solution of 80 mg of

the oxime { 156 ) ¥n 50 mL of anhydrous ether cooled by an
ice bath, HC1 gas was bubbled to the point of saturation.
The resulting solution was stored, with stirring, at room

temperature for 18 h. The reaction mixture was then pou-

—;?&“into 25 g of crushed icg and was neutralized with a

0% solution of NaHC03. It was extracted with three 20 mL
portions of ether, and the extracts were washed with water
and dried -over anhydrous sodjum sulfate. Evaporation of
the solvent géve 75 mg of a solid material which was‘iden-
tified .as the starting oxime ( 156 ), ( confirmed by NMR,
IR, TLC’and mp ). |

Solvolytic Beckmann rearrangement of the tosylate of

. . ‘ : . .
. bicyclo [ 4.1.0 ] heptan-2-one oxime ( 196 ): The oxime

tosylate was prepared abco¥ding to. the prdcedure of Sato
and coworkers?o To a solution of 300 mg of the oxime
(156 ) in 10 mL of dry pyridine kept cold in an igce bath,
was added a solution of purified p-tolhene sulfonyl chlo-
}1de in 10 mL of‘dry ﬁyridine.,AThe mixture was stirred
at ice-bath iemperature for 3 h and was then poured into
50 g of trushed ice containing 8 mL of conc. H,80,. The
solution was extracteq with three 20 mL pbrtions of
chloroform. The combined extracts were washed with water,

+

dried over anhydrous sodium sulfate, and evaporated to

give 0.70 g ( 92% ) of an o0il which solidified upon stor- .~

v e i
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age in the refrigerafor. It was difficu]t‘to recrystal-
lized this material froh a;rotic solvents. ~NMR (CC74)
6§ 0.33-0.98 ( 2H, m, cyclopropane ), §1.70-2.33 ( 84, m ),
52.47 (3, s, CHy ), 8 7.17-7.87 ( 4H, q, Ph, J = 8 Hz );
NMR spectrum ( No. 12, p: 174 ); IR (CHC1;) 3015, 2940,
2865, 1655, 1600, 1370, 1190< 1180 ( -502- ) cm—]. |

Thé solution of the crude oxiﬁe tosylate ( 196 ) in
methanol was heated briefly ( 5 min ) over a steam bath.
To this solution 10 mL of water was then added and heated
for an additionaf 5 min and the mixture was extract;?*

' §?Veral‘tfmes with CHCT,. The extracts were combined and
washed with a solution of NaHC03, and dried over Na2504.
Evaporation of the solvent gave 150 mg of a yellowish oil
which was chromatographed over silica gel using hexane-

v ether ( 1:5 (v/v) ) as the first eluent followed by ether.
to give 70 mg ( 23% ) of a colorless oil. The oily mater-
ié] solidified upgn cooiing and was recrystallized from
hexane, mp 56~57°C. This compound™was identified as
2-azabicy€1o t 5.1.0 ] octan-3-one ( 193 ). NMRaLC614)
50.34-0.84 ( 2H, q, cyclopropane, J = 4 Hz ), §0.96-2.90
\( 8H, mv), 67.40 ( ]H,pbs, NH 5;' NMR:spectrum ( No. 13,
p. 175 ); IR (CHC13) 3400, 3240, 3080, i663, 1450, 1350

em™). IR spectrum ( No. 5, p. 181 ).

Anal, Calcd for C7 ]] ‘C, 67.17; H,_B.86. Found:
C, 67.56; H, 9.12.

é

>
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Beckmann rearrangement of {E)-1-methyl-2-norcaranone

Qxime ( 162 ): The general procedure of the Beckmann rea-
rrangement was followed. To,a su;pensi&; of 3.§0 g (0.017
mol ) of PCI; in 120 mL of anhydrous ether kept in an_ ice
bath a solution of 1.60 g ( 0.016 mol&) of oxime 162  in’
50 mL of anhyﬂrous ether was added dropwise over 15 min ~
during which a white precipitate appeared. The reaction
mixture was stirred 1 h at i%e-bath temperature and 1 h

at room temperature. The usual work-up gave 0.90 g ( 56% )
of a pale yellow solid which was applied to a short column
of silica é:ﬁ and eluted w%th a mixture of ether-ligroin

( 1:1 (y/v) ) to give a white solid which was recrystalli-
zed from petroleum ether, mp 111-112°C. Based on the ele-
mental analysis and spectral data this material was identi-
fied as 1-methy1-2—az§biéycf0 [ 5.1.0 ] octan-3-one struc-
ture’ ( 205 ). NMR (CCl,) 60.50-0.91 ( 3H, m, cyclopropane),

5§1.4Y ( 3H, s,‘CH3 ), 61.60-2,90 ( 5H, m ), 67.83 ( 1H, bs,

- NH ); IR (cCl,) 3400, 3200, 3075, 1665 ( s, C=0"), 1450,

1260, 1170 cm” ).

Anal. Calcd for CgHisNO: C, 69.03; H, 8.415 N, 10.06.
Found: C, 69.13; H) 9.57; A, 10.15.

«

Beckmann rearrangement of (E)-1-me'thyl-4-isopropylidene

bicyclo [ 4.1.0 ] heptan-2-one oxime ( 163 ): The general

proceduré.for the Beckmann rearrangement was followed. To

a suspemsion of 4,16 ¢ ( 0.02 mol } of PC]5 in 200 mL of

~F

.
o
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anhydrous ether was added a solution of 1.79 g ( 0.01 mo )
of oxime lgg in 80 mL of dry ether. The:m{xture was s:irred
for 0.5 h at ice-bath tempetrature and for an additional 0.5
h at room temperature. -The usual work-up gave 1.60 g of a
brown oil which was chromatographed ovér silica gel usigg
ether-benzene ( 1:1 (v/v) ). As a first fraction 0.30 g

of unchanged starting material was recovered. A second
fraction,was obtained ( 1.0 'H 6225% ) as a white, solid,

mp 72-73°C ( ligroin ). This compound was identified as - o '
1-methy1-5-isopropy1idenéﬁéiazabicyc1o [ 5.1.0 ] octan-3- \
one ( 206 ). NMR (CC14) 5§0.50-0.91 ( 3H, m, cyclopropane),
' 6}(43 ( 3H, s, CHy
( 5H, m ), 64.95 ( 2H, bs, =CH, ), 88.33 ( 1H, bs,gH ),
NMR spectrum ( No. 9, p. 171 ); IR (€C1,) 3390, 3200, 3080, ’

1655 ( s, C=0 ), 1440 cm™'..

Y, 61.91 ( 3H, s, CH, ), 62.13-2.80

Anal. Calcd for CjyHy,NO: C, 73.70;5 . H, 9.56; N,
7.81. Found: C, 73.65; H, 9.58; N, 7.66.

e o i e s

" Beckmann rearrangement of 4,6-dimethyl bicyclo [ \g1.0]-

heptan-Z-oné oxime ( 164 ): The“general procedure of the

"

Beckmann rearrahgemént was followed. From a solution of

“1.50 g"( 0.10 mol ) of oxime 164 in.20 mL of dry ether-

and a suspension of 2.50 g ( 0.112 mol ) of “PCT; in 100 mL
of dry ether, after stirring for 1 h at ice-bath tempera-
ture and 1 h at ambient temperature, followed by the usual

work-up was obtained 1.0 g of a brown oil. The crude ofl

-
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was chromatographed over 45 g of silica gel using chloro-

form as the first eluent followed by a mixture of hexane-

x

ether ( 1:3 {v/v) ). A liquid was obtained 0.06 g { 4% ) ‘

‘as the first fraction for which the structure 198 was

assigned, IR (CC]4) 3075, 2965, 2250 ( C=N ), 1725, 1460,
1375 cn™'. NMR (CC1,) 80.23-0.65 ( 2H, m, cyclopropane ),
§1.00 ( 3H, s, CHy ), 81.66 ( iH, d, CHj ), 9 = 2 Hz ), &
1.55-2.66 ( m ). The second fraction 0.40 g ( 26% ) was
unchanged starting material. A third fraction was obtained
( 0.30 g; 20% ) as a white sd]id& which was r;érystallized
from hexane, mp 113-114°C ( sublimed mp 116-116.5°C ).

This product was identified as a lactam, and was assigned

‘the structure 197 . NMR (cci4‘) §0.40-0.78 ( 2H, m, cyclo-

propane ), §1.22-1.28 ( 6H, d, 2CH,, partially over1apped},
§1.58-2.62 ( 6H, m ), 68.08 ( 1H, bs,-NH ); IR (CC14 )
34ZDﬁ 3220, 3095, 2970, 1673 { s, C=0 ), 1450, 1385, 1288,
1530 cm"], IR spectrum { No. 3, p. 179 ).

Anal. Calcd for CgHygNO: C, 70.55; H,9.87. Found:

€, 70.70; H, 9.93. i

- Beckmann rearrangement of (Z)-4,4-dimethyl bicyclo-

EEC NPT

[ 4.1.0 ] heptan-2-one oxime ( 165 ): Following the gene-

‘
y
i

ral procedure of the Beckmann rearrangement, from 0.67 g
( 4.37 mmol ) of oxime 165 in 40 mL of anhydrous diethyl

ether and 1,10 g (V5.28 mmol ) of PCl. in 60 mL of dry

5
ether, after stirring for 1 h at ice-bath temperature and

-

R
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1 h at room temperature followed by the usual work-up,

was obtained 0.35 g ( 52% ) of a pale yellowish solid.
‘Recrystallization from hexane gave ﬁ white crysta&line
material mp 138-139°C. Baseé}on‘the spectral and elemen-
t%l ana;ysis, this hater{a1 was identified as 5,5—dimethy1-'
?tazab1cyclo [ 5.1.0 ] octan-2-one ( 207 ). NMR (cciy)
60.33-0.75 (- 2H, m, cyclopropane ), 80.93 ( 3H, s, CHy ),
61.0 ( 3H, s, CH3 ), §1.32-2.03 ( 3H, m ), 6§2.50-2.86
( YH, q*, J =7 Hz ), 63.42-3.75 ( 1H, q*, J = 7 Hz ), 6
8.50 ( 1H, bs, NH'); IR (cc1,) 3425, 3210, 3070, 3000,
1662 (s, €=0 ), 1462 cm™'. IR spectrum ( No.1, p. 177 ).
Anal. Calcd for C4HioNO: C, 70.55; M, 9.87. Found:

¢, 70.57; H, 9.93.

Beckmann rearrangement of (E)-bicyclo [ 5.1.0 ] octan-

2-one oxime ( 166 ): Following the general procedure of

_ the Beckmann rearrangement, from 1,0 g (7.18 mmol ) of
oxime 166 in 20 mL of anhydrous ether and é.o g ( 9.6 m-
mg] ) of PCl in 80 mL of anhydrous ether, after stirring
for 1 h at ice-bath temperature and 1 h At room tempera:
ture and the usual work-up, was obtained 0.53 g of an oil.
'Chromatogréphy of the crude product over 15 g of silica
gel using CHCI3’as the eluent‘gave 0.04 g ( 4% ) of the

,parent ketone ( 97 ) as the first fraction ( confirmed by

-

(*)- The quartet collapsed ta a doublet upon addition of
' D,0 and a trace amount of triethylamine, ( cf. NMR
spectrum No. 14, p. 176 ).

L S R
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IR spectrum ). As a second fraction was obtained70.25 é
( 25% ) of a white solid, which was recryst9iljzed from
hexane, mp 89-90°C. [This compound was identified as 2-aza-
bicyclo [ 6.1.0 ] nonan-3-one ( 209 ). NMR (CCI4)6 0.33-
0.46 ( 24, d, cyclopropane, J = 4 Hz ), 8 0.85-0.96 ( 2H,

Cunresolved d ),61.10-2.25 ( 6H, m ), 62.58-2.90 ( 2H, m ),

§8.12 ( W4, bs, NH ); IR (CC1,) 3417, 3215, 3080, fboo,
2930, 1665 ( s, C=0 ), 1440, 1360, 1350, 1180 cm~'. IR
spectrum ( No. 2, p. 178 ). ; “

Anal. Caltd for CgHygNQ: C, 69.03; H, 9.41. Found:
C, 69.26; H, 9.37. ' . . -

‘ AY ) ‘ ‘
Beckmann rearrangement of (E)-spiro [ 2.4 ] heptan-4-

one oxime ( 167 ): To a suspension of 1.88 g ( 0.009 mol )

of PCl5 in 70 mL of anhydrous ether was added/l.o g ( 0.008

mol ) of oxime 167 -in 20 mL of anhydrous ether.’ The reac-

. . . o . .
tion mixture was stirred 1 h at ice-bath temperature and

1 h at room temperature. The usual work-up gave 0.40 g
o? a)bfown 0i1 which was chromatographed owver §ilica gel.
The columnwas elutéd with 25 mL of CHC13 followed by 50
mL of a rixture of CHCly-acetone ( 4:1 (v/v) ) and.finally
with acetone. The first fraction ( 20 mg; 2% ) was identi-

fied tentatively as the nitrile 211 based on its spectra,
h .

"NMR (CC1;) 61.65-2.65 (m ), 64.12 ( 2H, m ), 65.17 ( 1H,"

4
m, vinyliCaproton ), 85.36 ( 1H, m, vinylic proton );;“IR

{(CCl,) 3080, 2945, 2240, 1643, 1435, 1252, 910 cm™! ..

=

<t e e -
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As a second fraction was obtained 60 mg of unchanged star-
ting‘oxime ( confirmed by IR, mp ).’ The third f}éction.

( 150 mg; 18% ) was a white sol%d.méteria} which was recr-
ysta]l%zed from a mixture of petro]edﬁ ether ( bp %9360°C)
and benzene ( 9:1 (v/v) ), mp.,128-131°C. . NMR (CC14) 8
0.53-0.85 ( 4H, q, cyé1oprop%néf J = 4Hz ), 61.50-2.50
(6H, m ), 88.93 (1H, bs, NH); “IR (cc1,) 3400, 3200,

1

3080, 1660 ( s, €0 ), 1400, 1380 cm™'. This compound was

identified as 4-azaspiro [ 2.5 ] octan-5-ones( 210 ).

Anal. Calcd for C,H,,NO: C, 67.17; H, 8.86. Fpund:

7'
¢, 67.07; H, 9.04,
| \ |

]

Beckmann réarranggment of (E)-1,1-dimethyl spiro [2.4]-

heptan-4-one oxime ( 168 ): The general pnocedu?e of the-

Be¢kmann rearrangé;bnt was followed. From 1.24 g ( 8 mmol )
of oxime 168 in 20 mL of dry ether and 1.88 g ( 9 mmol ) of
PC]5 in 20 'mL of dry ether after sf%rqihg for 1 h at-ice-

bath temperatdne and 1 h at room temperature was obtained
& .

1.10 g of a 9e11qyisﬁ.amorphous solid material. This mater-

fal ‘'was chromatographed over 40 g of silica gel usiné CHEl3.

As the first fraction an oil was obt%inéd‘( 0.05 g; 4% )
o/ ’

which was identified as a mixture of nitriles ( cf. p."89).

NMR (CCT,) 61.16-2.66 (m ), §1.96 ( 3H, s, CHy),¥5.17-

©5.33 ('m ); IR (CCT,) 3090, 30607 2240,2220,( C=N ), 1660,
4

890 em™!. The second fraction was a solid ( 0.95 g; 76% )

which was recrystallized from ﬁétro]eum ether, mp 112-114°C.

e
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This compound was identified as 1,1-dimethyl-4-azaspiro- * _

[ 2.5 ] octan-5-one (216 ). NMRf(CC14) 66,33-0.81 ( 2H,,

fl | g, AA'BB', cyclopropane, J°= 5.5 Hz )» §1.15 ( 3H, s, CHy ),
' ' al.go{( M, s, CHy ), 81.66-2.50 ( 6H, m ), 88,91 (W, bs,
NH )5 IR (cC1,) 3426, 3200, 3060, 2940, 1655 ( s, €=0-),
1460, 1400 cm % “ *
Anal. Calcd for CoHy NO: €, 70.55; H, 9.87. Found:

‘., 70n72; H, 9.95. L

t ‘ l Beckmann rearrangement of (E)-6-methyl spiro [ 2.5 ]- ' g

octan-4-one oxime ( Y69 ): The general procedure of the ' :

pp——

, oo Beckmann rearrangement was followed. From 1.0 g ( 6.5 m-
mol ) of oxime 169 in 20'mL of anhydrous ether and 1.50 g ,
(7.2 mmo) ) of PCl, after stirring for 1 h at ice-bath

.

e )

témperature and 2 h at room temperature followed by the

usual work-up was obtaided 0.78 g of a viscous oil. IR

».spectrum and TLC examination of the crude preduct indical

b e e e

téd the presence of sgme unchanged starting oxime. The

crude material Was chromatogr;phed on sitica gel wusing a

mixture of caerh tetracﬁ1orf&e-acet6ng'( 4:1 (v/v) ) to

obtain 0.13 g ( 13% ) of the unghanged oxime as the first & /
. "fraciioﬁ, and 0.50 g { 64% ﬁ of a whiie soljd material as

the second fractions The solid was recrystallized' from

hexane, ‘mp 99-101°C ( sublimed mp 100-101°C ). This cc. -

LT

5p6und was idgntified as 7-methyl-4-azaspiro [ 2.6 ] nonén; ‘ -
5-one (226 ). - NMR (CC1,)'60.63-0.83 ( 4H, m, cytlopro- ,
parie ), 81.07 (3K, d; CHy; 3 =5 Hz ), §1.25-2.16,( 5H,

AN

Py
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| m), 52.38-2,53 ( 24, d ), 68.60 ( 1H/bs, NH ); IR (CC1,)
N % 3400,, 3200, 3080, 3000, 1655 (s, 0Z0 ), 1450, 1400 cm', . y
" .

S . IR spectrym ( MNo. 4, p. 180 ).

Anal. Calcd for CngsNO: C, 70.55; H, 9.87. Found

2 . €, 70.50; H, 9.92, S

1 ¢ [

Beckmann rearrangement of (E)-1,1,6-trimethyl spiro-

B ] Y e Y

[ 2.5 ] octan-4-one oxime ( 170 ): Following the general

P

3 ‘ ~ procedure of the Beckmann rearrangement, from the reaction

of 0.90 ¢ ( 5.0 mmol )'of oxime 170 in 40 mL of dry ether o {

? . 4 . . ) R .
“and 1.70 9 ( 6.0 mmol ) ‘of PC]Q in 60 mL of dry ether,. D

- T after stirring for'O.S h at ice-bath tempera{ure and for

. ' ‘an additional 0.5 h at room temperatu{e, was obtained 0.9
g of an 0i1® material. Chromatography of the oil over 30
g of sil1ca gel us1hg qther -hexane ( 1:2 (v/v) ) as eluent
g gave 0.12 g of unchanged starting oxime as the first frac-
/ tion. The second ﬁtactxon was 0,60 g ( 66%°) of a white
| solid which was recrysta]]ized from hexane mp IZGQLZZQC .
This materia) was identiffed as f 1 7- tr1methy1 4-azaspiro -
[,2.6 ] nonan-5-one ( 227 ) NMR (CC] ) §0.35-0,91 ( 2H,
. q, AA'BB' cyc]opropa@g, = 5 5 Hz ) §1.04 ( 3H, d, CH3,
. d = 5,5 Hz §1.15 t 3H, s, CHy )y 51, 28 ( 3, . .5, CHg ), 4’
l961115-2.33/¢/7H nn), §8. 55 ( H, bs, NH ); NMR spectrum y’
( ﬁo. 10, p. 172 ). IR (CC] ) 3390 3200, 3095, 2900 1650
(s, €=0.), 1420, 1400 cm ’.\
" Anal, Calcd for‘C]]HIQNO: (C, 72,905 H, 10.56; N,
7.73. Found: €, 72.99; “H, 10.66; N, 7.70. Mass spect-

. . L

e

' v LI
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rum m/e 181 ( m* ).

Beckmann rearrangement of (E)-spiro [ 2.6 ] nonan-4-

one oxime ( 1]1 ): The general procedure of the Beckmann

‘'rearrangement was followed. To a suspension of 1.50 -g
{ 7.2 mmol ) of PC1; in 50 mﬁpof anhydrous ether was added
a solution of 1.02 g ( 6.6 mmol ) of oxime 171 in 20 mL
of dry ether. The mixture was séir#ed for 1 h a} jce-bath
’temg?rature and 0.5 h at room temperature.” The usual wofk-

up gave 0.70 é of a viscous oil. Examination of sthe crude

prbduct by TLC.and IR spectroscopy indicated the p}esence

of sbme unreacted oxime. This material was chromatogra-

phed over silica gel using CHCY,-ether ( 4:1 (v/v) ). The

" unreacted oxime was eldter as the first fraction ( 0.20 g )

and a solid material ( 0.45 g; 44% ) as the second frac-
tion which was recrystallized from hexane, mp 97-99°C.

This material was identified as 4-azagpird [ 2.7 ] decan-

‘5-one ( 228 ). NMR (CC1,} 60.72-0.86 ( 4H, q, cyclopro-

pane, J = zuzﬁg, 81.66 ( 10H, s, unresolved ), §2.42-2,73
((2H, m ), 8.53 ( 1H, bs, NH ); NMR spectrum ( No. 11,
®/ "o
p. 173 ), IR (cC1,) 34007 3200, 3080, 1665 (s, =0 ),
1450, 1400, 1020 cn™ .. , | '
M. NO- & . ; N
Anal. Calcd for Cngsz; C, 70.55; H, 9.97. Fouﬂd.

C, 70.68; H, 10.01.

]
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