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ABSTRACT

The béhaQior of a variety of homoenclate anions
generated either_by,hydfolysis~of polycyclic ethers
(hompketonxzation) or by base- catalyzed hydrogon

abstraction from polycyclic ketones (homocnolization) has

“
= L
» -~ -

been investigated

o~

A scer ies of polycyclxc derxvatives of oy
cyclopropanol were p?@g@red~and the base catalyzad‘ > -

ketonizat ion of the corresponding cyclopropoxides was

L < o

examined to establish the regio~ and stereochemistry,of the

2, -

" ring cieavaga.’ The examples darived fyom [2.2. 1} and
Lo \+ - o~

-

,[2.2.2] ketones, by Simmons-Smith cyclop?opanatxon of their
sxiyl enol ethers, were- found to undergo ring _expans ion

preferentially while less~st?a1ned analogs gave the

- ethyl_der1u¢t123f of the Anatxal ketone. In all cases
. R S I - )
‘f;m\ggg expansion, the cleavage proceeds with high -

]

stereoselectivity favorxng inversion of conflguratxon upon

- - R ~a . -

» ’

protonation (ézuteratxon) 45;¢¢.f

‘ A novel means of gené&atxng the 2- trimethylsilyl
ethers of substituted homoquadrlcyclenes was dxscovered
Base- catalyzed katonizatxon of these dsr;vatxves was founq
to yield either the tricyclo(3.2.1l. 02,7~] or (3.3.0. 02:8)
octanone skeletons depending upon the substitution at the
auposition of the starting material

‘.°_,,. - . ?

111 ' o . *

Al T - “
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i The Sxmmons-Smxth reaction with t butyldlmethyl—

‘\\ ~

silyl enolvether of some polycyclic ketones under.

concentyated condztxopsAlednto cyclopropanatzon and

)somerxzatxén to fyrnish the ring expanded allylic silyl

B

ethers.

The. behavior of the.

N

7,7idxmethyltr1cyclo[3.3;1.02r7]nonan-6-onea Qnder strongly -

basic cénditxons was examined to determine the effect of

N

the ﬁhree~membered ring for comparison with earlier

findings for the [3.2.1.0;'4]'&nalogq. While the endo

1

] i k4
- _1somer was found to be stable, the exo isomer readily

rearranged to 8,8-dimethyltricyclo[4.3.0.02,4)

© nonan-7-one, 'Experimeht5~in t~BuOD wére carried,out to

s e ] °

estabLzsh the several sites of deuter ium incorporation 1in

. k]

the\1nxtxal ketones. These results clearly revealed that

the three member ed Ting influences Both the regxo- and

stereochemistry of ‘8- enolate formation. The obserVed "

v

differences for the exo and endo isomers of the

v

13, 3 1.02, 4}nonanones can. be attributed to conformational -

-

differences. ) . ’ . : .

- -

_-Some“support for this proposal was praovided by

the reactiv;txes of - endo—9 9—d1methyltrrcyclo[s .3.1.02:67-

undecan- 8-one, endo—-3- t~butyl 3~methylb1cyclo[3 2.1}~
\

octan-2-one and endo-9~E-butyl- Zg-methyltricyclo(5.3.1.02:6]-

undecan-8-one under. strongly basic conditions.

£ 2

4"

'Hémoenolizatiqp of the 3.3rd1methyl~7—spiro-

cycbopropyl.and ~7-isopropylidene derivatives of nor camphor

. . ) . :
oo : - A
v
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provides efficient syntheses-of Lhe coxresponding N 4

3,3 -d imet.‘hylis -subst: ituted norcamphors. Hydrogenolysis of

13
.

Q

the S-Spirocyclopr'opyl der 1vative furnished the hithexto

unknown 3,3,5,5-tetr ameth'ylcamphor ; : o

©
'.
e
! : ’ ‘ ~>
.
4 o
.
s (3
. .
N °
i » .
-3
- . hY
1] . )
@
- 4/
. -
° . - - A
’ N - , . oo
b e -
.~ - N
. o
>
.o .
£ o o
»
» “ ’ - . -
e »
L
. " -
« I
»
. . o
» 3
- 13
s ”
. . .
- - . ~ L <
”
' P
o
LS -9
. * - ’
) ; .
»
* -
. N
T .
- ,; et
N : n ‘%
- .
At 1 * r
R .
,
~
.
- »
.
- L
,
L]
h)
. .
. .
.
4
- .
-
e hd
» 3 ® P ' - v
- -4 g
°
-
.
-
»
’ . “ a
a . 4
.
- 4

L}




-y
o

[ would like to express my sincere appreciation
and thanks to Dr. J.B. Stothers for his guidance, {

encouragement and many valuable discussions, academic and
Y S .

-

otherwise, throughout my graduate progrgm. [ wish also to

thank ‘the rest of the chpmistr§ faculty who were always
. - > e

avaiiable for helpful discussion. Thanks go also to the

. graduate students and technical staff whose friendship and-

advice made my stay at Western enjoyable as well as.
edu@atibnal. ) . . )

= -

also very grateful to Anne Donovan for her

-

typing of this manuscript. ~ ' . :

» Im

-

Finally, and above all, I.wish to extend wmy
&pecxai-thanks.tp,my pareﬁts and my wife, Cati, for their

support and patience with me during my graduate progran.

-vi



TABLE OF CONTENTS
Page
. . 11
1ia
il (i'2e) v1
‘X‘AKQE OI? ccm'rm"s ................................. S V1l
LIST OF TABLES . . ..\ttt e e e . xi
LIST OF PICURES . ..ovoeeemee e, S X11i
CHAPTER 1 —~ GENERAL INTRODUCTION oo eeeenn e 1
. CHAPTER 2 - HOOKETONIZATION OF POLYCYCLIC :
: CYCLOPROPOXIDES ........... D S 17
(A) INTRODUCTIOCN .......ovvvvn... e 17
(B} RESULTS AND DISGUSSICN ......................... 20
| CHAPTER 3 THE SYITHESIS AND ROXUXETONIZATION OF
\ 2-FRINETHYLS ILYLOXYL HOXOQUADRICYCLENE . . 46
(A) INFRODUCTIOY .............. [ A 46
(B) RESULTS AND stcussxcx ................. e : 47
CHAPFER 4 — DECIERIUM EXCHANGE VIA HCXBENQLIZATIGN
. IN TRICYCLO{3.2.1.02+7JOCTAN-4-CONE ...... 62
= (A)  INERODOCTION oo v et vee e ot e e e e e e e e e e 62
(B) RESULTS .......... Gy e e 64
{C) DISCUSSION ....... % ... R 66
CHAPTER 5 - SYNTHESIS™ OF B—SPIROCYCLDPROPXL _ _
TRICYCLO[3.2.1.02.7 JOCTAN-4-ONE ......... 68
(A)  INTRODUCTION ..ottt et e e e e et 658
: (B) RESULTS AND DISCUSSION ...........c.oonnneenn... 70
, - (C) CONCLUSIONS ........... e - 83
. . CHAPTER-6 - SYNTHESIS AND HOMOKETONIZATION OF SOME
’ SUBSTITUTED 2~ TRIMETHYLSIL!LOXYLHOMD~ p
QUADRICYCLENES ........... S 84
(A) INTRQDUCTION S 84
(B) RESULTS - AND: DISCUSSION. . ...;iceneovnnenn... i 86
o CHAPTER 7 - S!NTHESIS AND HOMOKETONIZATION OF
z*memEfHYLsILxLQXYTRICYCLo[3 3.1.06,87.7
L, NONAMES ............... e T 125
(A) INTRODDCTION . oot e P . 125
) (B) RESOLTS' AND stcuégfggﬂ ......................... ©127




b7t
Page
CHAPTER 8 — REARRANGIEENT OF POLYCYCLIC CYCLOPROPYL
SIIYL. ETHERS UNDER sxzxnxs—smxTn
COMDITIONS . oot e et e e e e 139
(A) INTRODDCTION & vttt et et e e e e e e e e e 139
(B) RESULTS AND DISCUSSICY ......... e 140
CHAPTER 9 -- REARRANCIAINIT AND DRUTERIC EXCHANGE IN
‘- \ TRICYCLO[3.3.1.02, Q]NONANONES ........... 155
(A)  INTRODUCTION .. oot e e, 155
(B) "RESULTS AND DISCUSSION ............onivenunennannn 158
CHAPTER 10 - BEHAVICUR OF TRICYCLO}5.3.1.02.67-
DNDECANONE AND BICYCLO[3.2.1]CCTANCNES .
MIDER STROSGLY aasxc COMDITICNS . ........ L 172
(A) INFRODOCTION .o ointttimee e e e e 172
(B) SYNTHESIS .. 0 . 176
(C) ROYOESOLIZATION OF 104, 105, AD 106 . .......... 184
(D) DISCUSSION ....... e 188
CHAPTER 11 - REARRANGIEIZNTS VIA HOYDENOLIZATION IN
: SUBSTITOTED BICYCLO[2.2.1]HEPTANES ..... 193
(A) INRODUCTION ittt it it e ettt et e e 193"
(B) SYITHESIS ..ottt e e 194
(C) HKHOOESOLIZATION EXPERIIIEIES . oo oo 204 .
(D) CONCLITSION ...ttt ettt e 213
CHAPTER 12 ﬂcxnzmanxzamxcx'ow 3, 3-DILETHYL- 7~
214
214
. 216
J(C) ROXOESOLIZATION EXPERIMENTS .................... 218
(D) - DISCUSSION - . e ittt e e e e e e e e e e 223
CHAPTER 13 — EXPERIMENTAL . oo ooe e e e et e 224
(A) GEERAL . o ooi ettt e Ci 224
(B) MBR SPECTRA . ... oovmmnneiiee e, 224
(C) EXPERINENTAL POR CHAPTER 2 ... oo, ... 225

Synthesis of bicyclo[3.2.1)octan-6-6ne (29) .... 225
Preparation of 26-dp, 28-dp, 29-dy and 31-d) ... 227
General Procedure Employed for the Synthesis of

Silyl Enol Ethers - .. ... ... . it 228
Yhysical Data for Silyl Enol Ethers 25a-32a .... 229
Yreparation of the Zinc-Silver Couple .......... 231
Cyclopropanation of 26& ........................ 231
Yreparation of Cyclopropanols ............ SR 233
Homoketonization of 26c ........................ - 234
Homoketonization of 30¢c ......... e 235
Homoketonization of 3ic ............... e 235

" General Procedure Employed for Base Catalyzed

Cleavage of Cyclopropyl Silyl Ethers ......... 2357

Viil




(D)

(E)

(F)

(G)

(H)

¢’ . ,
Preparation of 26b-dj, 27b-dj,

B3I A e e e

Preparation of 26e-dy, 27e-dj 2%e-d} and
3le-dj
Base-Catalyzed Cléeavage of 26b-d}, 27b- dl,
2%b-d] and 31b-d)
EXPERIMENTAL FOR CHAPTER 3
Norbornenone (37)
Preparation of 37-dy
Preparation of 40
Preparation of 44a
Homoketonization of 44a.........................
Preparation of 45-dy ’
Cyclopropanation of 48 with a Zn/Cu Couple
EXPERIMENTAL FOR CHAPTER 4,
General Procedure for a,a~dimethxlation of
Ketones
Preparation of 47
Homoenolizat ion Exper iments
EXPERIMENTAL FOR CHAPTER 5
Preparation of 63
Trimethylsilyl enol ether of 63
8-Spirocyclopropyl-2-tr imethyloxyhomoquadri -
cyclene (59)
Homoketonization of 59
Preparation of 62-dy
Hydrogenation of 62
EXPERIMENTAL POR CHAPTER 6
Preparation of 7-Isopropylidenenorbornenone

.......................................

.............................
......................
..............................
B R R IR N R R PRI
..............................

.............................

...........................
.....

.....................

......................................
..............................

....................
.....................
...............................

.................................
.........................

.............................
............................

.....................

" Preparation of 2-Trimethylsilyloxy-7-isopropyl -

idenebicyclo[2.2.1]lheptadiene (67)
Cyclopropanation of 67
Homoketonization of 68 and 72
H/D Exchange of 69 .........0 e, L
Reduction of 62
Reduction of 73 ... ... .. .. ...,
EXPERIMENTAI. POR CHAPTER 7
Preparation. of  endo-bicyclo{3.2.1.0%:4]é6ctan-

D=0 . e e e
Oxidation of endo tricyclo{3.2.1. 02 4]octan*

R 0
Preparation of exo-tricyclo{3.2.1. 02, 4]octan—

T o ) o T
Preparatlon Of 788 .ot e e e e e e

............

.........................

..................

.....................

Cyclopropanation of 7% ........................

Preparation of 7%e
Preparation of 7%e-dj

Preparation of 79e-dj*
Preparation of 80a
Preparation of 80b
Preparation of 80e .

.
..............................

Preparatidh of 80e-dj

..........................
.........................

.............................

--------------------------

IX

237

238

239
239
240
240
241
241
242
242
243

243
243

244 -

245
245
246

246
247
247
248
248
248

250
250
252
253
253
254
255

255

256

256
257
257
258
258

259

259
260
260
264




1
' Page
(I) EXPERIMENTAL FOR CHAPTERS 8 AND 9 ...... e e 261
Cyclopropanation of 7%a, "Concentrated
Conditions®™ .......... e e et e e 261
Cyclopropanation of 2ba, "Concentrated .
Conditions ...... ... dnnnnneenn. et 262
Preparation of 8%a ..... e e f e e e 262
Preparation of 92, 93 and 94 .................. e 263
Preparation of 8% ........ ... i, 263 T
Cyclopropanation of 8%a "Concentrated
Conditions® ... ...t im it . 264
Cyclopropanation of 92 and 93 "Concentrated
Conditions® .......... ... ... . it 264
Dimethylation of 7% ......:....... e e e 265
Dimethylation of 80e .............c.iiuiuenennn.. 265
(J) EXPERIMENTAL FOR CHAPTER 10 ..... e 266
Methylation of 104a ......... e e et 266
Preparation of 104b ............. .. .. .. ... ... . 266
. - t~Butylation of 104b ...... e et “ 267
’ Preparation of 104c-dy ........ ... ... .o . 267
Methylation of 104c .......... e, .... 268
Preparation of 107b . ......c. it innnnnenn.. 269
r t-Butylation of 107b ..... e et e e © 269
t-Butylation of 28a ............ e 270°
+ Preparation of 105c-djy ............ ... ... ..., 270
Preparation of 105 ........ .. ..., 271
Oxidation of 109, ..... ... ... i, 271
Preparation of lhl e e s 272 -
Cyclopropanation:of 111 ......... ... ... ... ... 272 .,
Homoketonization ,of 112 ................... e s 273
Dimethylation OF V113 oot i - 273
- (K) EXPERIMENTAL FOR CHAPTER 11 ........... e 274
- Dimethylation of 121 ............. .. i, . 274
¥ Dimethylation of 120 ......... e e 274
. Preparation of 122 ......... ... ... .. .. . ... : 275
Hydroboration of 122 .............. e e 275
Oxidation of 123 and 124 ........... e 276
Dimethylation of 125 and 126 ................ .. 277
Hydrogenation of 116b-and 117b ................. 278
Oxidation of 128 ..........ccuiiinnnnnnnnnnn e... 278
(L) EXPERIMENTAL FOR CHAPTER 12 .......... e PR 278
Monomethylation of 71 .......... ... .. ..... e 279
Hydrogenation .of 132 ...........c..iiiinnnnnnnnn. 280

. Methylagion of 133 with NaNHz/Mel ......... EREEE 280




N
e

10.1

11.1

11.2

[

LIST OF TABLES -

Description

13¢ shieldings for cyclopropyl silyl
ethers 26b-32b

13¢ shieldings for cyclOpropanols 26¢,
29c, 30c and 31c

Base-catalyzed homoketonlzatlon of

'26c, 30c and 3lc

Base-catalyzed cieavage of cyclopropyl
silyl ethers

Deuter ium 1ncorporatlon in 3,3-
dimethylbicyclo[3.2.1.0 17}octan ~4-one
at 185°C

Cyclopropanation experiments with 67

IHmr spectral data for 74a, 74b and 75

Changes in 13cmr chemical shifts of
75a as a function of Pr(fod)3

Changes in 13Cmr chemical shifts of
75a as a functiorn of Pr(fod)3

Y Hmr chemical shifts for 69 in the
presence of Eu(fod)j

l3é:9h1eldlngs of some t butyl

‘dimethyisilyl compounds

Compesition of the neutral product
obtained from homoenolization
(t-BuO” /t-BuOH) for 104

Composition of the neutral product

from homoenolization (185°C) of 1llba

Composition of the neutral product
from homoenolization (185°C) of 11l6b

Page
24

29
30
22
65
90
103
108
109
117
152

189

205

207




Table Description Page

11.3 ' Composition of ‘the neutral product 210
from homoenoclization (185°C) of 117b

12.1 Composition of the neutral product 221
. from homoenolization (185°C) of 129 -




" FIGURES
Figure ' . Descr ipt ion Page
) ) .

1.1 Estimated Rates of 1H/2H Exchange Via 8

B8-enolates at 185°C )
t 1.2 Regioselectivity of Homoketonization of 13
: Homoenolates e

‘1.3 Energy Profiles for Homoketonization - 15
of Cycloalkoxides :

2.1 13¢ shieldings (8c) of Some Bicyclo- 26

' {3.1.0]hexane Derivatives

2.2 _ Energy Profile Diagram for the : , 34
Homoketonization of 26c, 27¢ and 3lc ~—"

C 2.3 Energy Profile Diagram for the T 35
Homoketonization of 28c and 30c

> 2.4 Deuter ium-Induced Shifts (in ppm) for 38

l3C_—Nuclei in endo-fenchol-2-exo-dj .

2.5 . 24-13¢ coupling Constants (in Hz) and 40
Isotope” Shifts (in ppm) for 26e-dj,
27e-d}, 2%e-d) and 3le-d;

2.6 2y-13¢ Coupling Constants (in Hz) and . 44
Isotope Shifts (in ppm) for 26e-dj*,
27e-d3*, 2%e-dj* and 3le-d)*

4.1 13¢ shielding Data (bc) for 47 . 63

5.1 l3Shieldin.g Data and Coupling 75
Constants for 59

5.2 LlH shielding and Coupling Data for 59 75

5.3 13¢ shielding Data (6c) and 13c-13c 79
Coupling Constants. (in Hz) for 62

5.4 " 1H shieldaing (&) and Coupling Data 79
(in Hz) for 62

6.1 . 13¢ shielding Data for 73 and 73-dy g4




Figure

6.

2

-4

. Desétiptlbn

1y Shleldlng (6) and Couplxng Data

- for 73 .
- 13¢ shielding Data (8c) for 74a and b

~ 13¢ shielding Data (8c). fér 75

a) plot of l3Cmr Chemical ‘Sshifts vs
" . Mole Ratio.of Pr(fod)3 for the
Spiro Cyclopropyl Methylene s

of 76a "

b) A lom of l3Cmr Chemlcal Shifts vs’

+ . Mole Rtfio of: Pr(fod)3 for c-3 and

. C-8 of 74a

a) P;ot of‘l3Cmr Chemical Shifts vs

-

- Mple Ratio.of Pr(fod)3 for C-3 '

and C-8 of 75

b) Plot of l3Cmr hemlcal thfts Ve
Mole Ratio of Pr(fod)g for the
Spiro Cyclopraopyl Methylene and
Quaternary Carbons of 75

‘13C Shielding Data (8c) for 68

13¢ Sh1eld1ng Data (B¢) and Coupling
Constants {(in Hz) for 69

lH Shielding. (6) and Couplzng Data
for 69

13¢ Shleldlng Data (bc) for 80b and
exo-endo-tetracyclo(3.3.1.02:%4.06/,8)-
nonane .

*7%b and

13¢c shielding Data for (&¢)
4.06,8]~

exo~exo-tetracyclo[3.3.1.0
nonane S
24-13¢ Coupling Constants (in Hz) and-
Isotope Shifts (in ppm) for 7%9e-dj
and 79e—dl 4

©24-13¢ Coupling Constants- (in Hz) and

Isotope Shifts (in ppm) for 80e-dj}

13¢ Shiélding Data (6¢) for Exo- aﬁd
"Endo-bicyclo[3.2.1]oct-2-ene-4-0l and
Exo-

and Endo-87

101

104"

~

106

107

S 107

111

115
119
129
129

135

137

145




10.

10
X0.
11,

1l..

11.

11.
12.

12.

10.

j D@scrxptxon .

13¢ Shielding Data (Bc) for Zﬁb and

8%b

13¢ Shielding Data’ (8c) for, 89¢

13¢ shielding Data (Oc) for 100 and®

100-d;

Constants for

100 g:n Hz) °

" 13¢ shielding Data (8c) &nd Coupllng

Estlmate§\Rates‘for lH/ZH Exéhange at

. 185°C

Deuter ium Exchange Rates by
f-enolization at 185°C in t- ~-BuO’ /

« £-BuOD

¢

13c shielding
107 ;:-

,i3c Shielding
113 -

13c shielding
Congtants (in

13c.shielding

13¢c shielding
121

13¢ shielding
127 .

13¢ shielding

. 13C shielding

18¢. shielding

{
-

Data {8¢c) for

o

Da?p {8¢c) for

Dgﬁa {6c) and
Hz) for 120

Data (b6¢) for

Data (8s) for

Data .(8¢) for

Data (8¢c) for

.!\
Data“/(8c) for

Data (Bg) for

'Hdmoenojkte Skeletal Rearrangements

104 and

-X06 and

Coupling

1l6b

1l6a ‘and

117b- and

117a
129
131




'studied'reactions in organic chemistry (2).  The enhanced

‘ L o L . i . ’ ° /
v CHAPTER 1
CENERAL 1NTRODUGTIOX

[

* The carbonyi group plays a central role 1in organic

chemxstr%§because of 1ts participation in a wide variety of

t

reactions of chefmical and biochemical importance (l). Of

i ‘ . '
the several reactions exhibited by carbonyl compounds, many
. 3 .

initially ifvolve proton abstraction from the a-position’
F4 '\

K

B™ = base \ - , : ,

to generate, in basic media, the enolate anion; this .

.

process, enolization, is. one of the most extensively

7

acidity of the a-hydrogen(s) is attfibufedlgq bofh fhe
‘resongncg and inductive effects of the carbonyl group. ‘A

compar;éon of the estimated pKz values for acetone (- 20)
and for the methyl'ﬁydrogens of propane (- 42) demonsﬁ;;tes

that the carbonyl group increases the'acidity of the ‘former

o« !

i
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by - 20 pKg units. The magnitude of .this~
. Lhat. a carbonyl group'could activate more temot
'fof‘abstraction to occur upon tregémeﬁg‘with a suf
strong base (homoenoiization). Th fesulting hoﬁoenol&te;
can be described in terms of 2, 3, jand 4 as shqwn in Scheme

a

1.1. The relative importance of ehch.species may be
dependent upon the structure of thé.initial ketone and it
is copceivaﬁle thgt ﬁqre than one anionic species is
generated in a given system. Since it ié ﬁiffigult to E

def ine - these anions precisely, the use of the cyclic form

" (3) is employed.thfoughout this thesis as a convenient
symbolisﬁ for the intermediate homoenolate anion{(s). As
shown in Scheme 1.1 protonation of the Aomoenolate anioh .
could in principle furnish st&rtiné ﬁateri&l (1), two

ketones (5,6) and a cycioalkanol (7), although under the
conditions emplpyed 5 and- 7 are nd{ stable. In aédition;
protonatioﬁ of 3 yielding 1 and/or 6 can oscur';ith |
.invarsidn or retention of coﬁfiguratioﬁ. The terminology
devised-by Stofhers (3) provides a convenien£ mgthod of
describing the homoenolizat ion procesé, with deprotonation

B to the carbonyl termed S-enolization, Y-deprotonation

“termed Y-enolization, et cetera.

A study by Nickon and Lambert (4) on°the rates of -
base-catalyzed 1-i~{/2fr( exchange and racemizat ion of
(+)3,3~dima£hylbicyclo[2.2.ljhéptan-Z—one (camphenilone)

provided the first evidence for homoenolate anions. IL was

found that the rates of racemization and deuterium
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anorporation are qbprogxmately;the.same lea@ihg'to the .

o

conclusion that deprotonation gehe%ates a symmgtric

intermediate, whereby C-1 and-<C-6 become eqd{éaleng'and

<

protonation {deuteration) yields the raceRic mixture.

v

The

. s

synthetic potential of skeletal {earraagements'via

. .
homoenolate anions to ‘generate systems otherwise difficult
to obtain was also demonstrated in the eariy investigations

of homoenolization by Nickon ét al;gs). They showed that

. - =

'trxcyclo{4,3.0.03v7)nonan-2—qne (brexan-2-one) rearrvanged

3,,7]_‘

o
>

Following these discovert:res,

smoothly. in t-BuO~/t-BuOH at 185°C to tricyclo(4.2.1.0

3

nonan-2-one (brendan-2-one).
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ﬁs@ugral alicyclic and acyclic systems were shown to undergo

a

gﬁomerOleailon'under s;rbagly basic conditions. While

"‘most Of :these cases 1Avolvé S-endlization, a few examples
LR N e .
clearly showed that.Y-enolization'could also occur. The
\ . ' -~ ‘:’. ’ ’ ’
observation.of LH/2H exchange at c-8. “the syn-methyl carbon
. - . [ 2

¥
* a ‘3 ~

) L . . \\
of camphor (6ba) and the 1sonierization of the half-cage
ketone 8 to 9 (/) glearly inferred the formation. of

) I

Y-enolates 10 and 11, respégtzv%iy.- . ~

'\-_"""“"[\ ‘ "—'—'""—'—:-,\ ..,\"" e -
| . - N e " . ;v
T = /_‘\\/‘\I = T~
£ . » 11 - N 0



Subsequently it was estabiished that the pa}ent alcohols of

' 10 and 11, upon treatment with base, gave the same products

exclusively (6b, 7).

‘ While a\variety of bases were examined in the
original studies (4) (ethylene glyébxide/eéhylene glyeol,
potass ium t—butoxide/dimethylgulfoxide, potassium triphanyliv
methylate/dioxane) t-BuO™ /t-BuOH remains'the medium of
choice. I[ts pﬁepﬁgatxon requires special pyecautions since
trace amounts of water.can significantly reduce the base
strengéh of t~Bu0’/t*Bﬁ0H f(8). Thg use of t~B§0'/thuOD
and 2H MMR provides a convenient means of establishing the
sites of proton abstraction in a givén subgtrate. Since
the natural abundanceAleve;\of zHlis 0.015%, signals from

centres containing 1% 2H will be approximately two orders

of magnitude more intense than the natural abundance

. signals.  If the 2H NMR spectra are acquired with 1lH

decoupling the slgnal for each non-equivalent deuteron
appears as a 51nglet. Since the spxn latt1ice relaxatxon of
deuter ium nuclei is 1nduced entirely by an intramolecular

quadrupole mechanism there 18 no Oyerhauser enhancement

_ accompanying proton decoupling. The assignment of the 2Hmr -

signals follows directly from the analysis of the IHmr

spectrum, because the 2H and IH éhieldings are essentially

‘identical on the ppm scale. Intsgration of the ZHmr

spectrum provides a relative measuré of 2H content at the
individual sites which together with the total deuterium

content determined by mass spectromstry permits



-

.Getermination of the deuterium incorporation at the various
éentres undergoing ekch&nge. The correlation between 1H/2H
exchange andiintrinsdc'reactivities is based upon the
assumption that the rate‘of internal return in t-BuO' '/
t-BuOD is comparable for‘éhe various sites of.exbhange in
aliéyclic and acyclic substrates (9).

¥ollowing Nickon's investigation of camphenilone,
a variety of polycyclic and acyclic ketones has been f&hnd
for which remote proion abstractién occurs under stroﬁgly
basic conditions. Figure 1.1 serves to illustrate some of
the general features ofvﬁ~englization in the (2.2.1], 0
(2.2:2] and [3.2t1}_r1ng systems (10-13). From these data
it is apparent that egO*abstréction of a B-proton is
favored over endo-abstraction. While prétonation of a
B-enolate involving a methyl carbon could (conceivably)
yield a ring expanded product this has only been observed

;n one cyclic system examined to date (16). This does

occur however, ) .

&

‘//V. i /3
, N ‘T// VA //-~ R
| /NN J

\

~

in acyclic systems, since it was shown by Stothers' group

(14) that di-t-butyl ketone (l2a) 5,5,7,7-tetramethyl-

undecan-6-one (12b) and 2,4—dime£hyl-2,&—diphenylpentan~
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FIGURE 1.1

~n

5-oxc-14

. 1,,2 .
Estimated Rates of 'H/"H Excnanage Vuic

t-enolates at 185°C (k x 1Cf sec™) (12.15)
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3-one (l2¢) slowly 1isomerize under strongly basiccs

conditions. =

12

3

a) R =Me;b) R=n-Bu;c)R=CH

B -

. Considerable interest has developed in examining

the influence of substituents on the regioselectivity and
relative reactivity of homoenolization. Cheng and Stothers
(15) found that the introduction of a double bond into t

he

R =Y

(2.2.2]) ring systeﬂ<;3 enhances the reactivity toward

»

B-enolate formation and subsequent rearrangement to the

[3.2.1] skeleton. A comparison of the rates of deuter ium

exchangelfor 14 and 5-oxo-14 cleérly shows a marked




10

increase in reactivity for exchange ;ﬁ the latter, which is

attributable to an activafipg effect of the second carbonyl

_ b o g . .
up (lba). The effect of three-membered rings in

k2

polycy ‘c(gystems has also been examined. Ketone 15

exhibited i easgq reactivity for'exchange‘at C-S-and C-8
(13) relative to that at Cel and C~? in 14. -The endo .
1somer lb6a .also exhibited increased reactivity for exchange
_at the a-bridgehead carbon relative to that® found for 14.

In addition, l6a is smoothly.transformed to 4,4-dimethyl

tricyclo[3.3.0.02'8]octan-3~one {16b) under homoenolization

conditiong by Y-enolate formation at C-=3,

4

“

1n contrast to the stability of 14 under the same

conditions.

. O . ., | ) _"a
. _ O .

16




Th;se examples.show tﬁat substituents can
influence the regioselectivity and relative reactivity of
homoenolization::

A‘second Qseful route Lo homoenolate anions

A ]

involves mild hydrolyéis or alcoholysis of cyclic ethers

‘such as 17 in an alkaline medium (Scheme 1.2).

Irrever51ble,homoketéhization of the resulting
cjcloalkoxide can, in principle, occur by ihree modes, but
generally ring cleav;ge exhibits high regio- and
stereoselectivity. Althougb the stereochemistry is
determined by a delicate balance of factors, includiﬁg
solQent effects and tﬁe natﬁre of tﬁe.cycloalkox1de
(homoendlate) anion, certain genéfaiizations can be made.
In the case of g-enolates, protonations have been observed.
Lo occur with high degrees of inversion or retention, whiie
riﬁg éleavage of Y- and G—enolaées.in rigid polycyclié
systems usually proqeeds with retention (16);

Th} regioselec%i:j}yﬂdf homoketonizat ion can
usuaily be rationaiized I terms of eleclLronic and
thermodynamic factors. As exagples, 18 and 19 (Figure 1.2)
illustrate the general tendenéy favoring generation of tihe
less highly substituted inéipient carbanion. However: the.
base catalyzed cleavage of 20 clearly shows that the
preference for a primary over secondary carbanion can be
reversed if the lattef is stabilizedn in this case, as a
benz&lic centre. Invcontrast to the preceding results, the

product cdmpos}tion from homoketonization of the birdcage

11
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new systems.

13

- alcohol 21 and homocubancl 22 reflects the tendency for

@

Y ing bpening to form the more stable product., It is
apparent that the regiosedectivity of homcenolate cleavage

is governed by the balance between carbanxon and product .

P

dtability; thus the preferenee between the thnpe modes of-

l 14

'r1ng cleavage in a g}yen,system may be difficult to predict.

Fror—

Y

The pechangsﬁ of Homoketonization nay igbqlve aﬂ{
é;ngle transition state orra_discrété carbani§nta§‘én.
intermediate, as shown, in.the enorgy @rofg;e ‘diagrams in
Figﬁre'l.3. 'Sinéé both mg;ﬁéhigms predict that a. o
signif icant negat@?e éha?gé de§elbps at the carbon-cent§é ¢
prlor to p:otonaﬁlon, the sﬁébility §f the iﬁgipientE \
carbénion is important in’déterm;ﬁ}ng Lfhe regxochamistry of

homoketonlzatlon In addition, since'protohation occurs

well along the reactxon co ordxnate tha rel&txve stabil;ty :

of the poselble products also Lnfluences the product :
- ,\_,}4(

composxtxon The stereodhemical course of hdmoketcnxzatxon

is very mdch dependent upon the mechanlsm of rxng cleavage,

the Lntrxcacy of which remalns controvetstal - Thus {t is

difficult to predict tbe.favéred_qtgr@ochemxcai pathway in

v

o In the codfse;Sf the research'preaehted in this

o

thesis, attentxpn‘was dlrecte@ towards’ anreaSLng our

: underat&nding of the factors hnflueQCLng the*qegzo— and

o L) . i

- stereochemistry of homoketonlzation The results frdm

_examinations for sevegal Sarxgs of polycyclic ring eyatemgil

»

are described in Cpaﬁ@é?s 2 through 8.° So&e{studies

14

K

14
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'intapded to clarify structural features cbntéo;ling 8- and
Y-enokization in sever&l related polycyclic systems were
‘qarriéd‘out;~tﬁq results of these investigations are -
presented in Chapters 9 to 1l2. The experimental details ‘

are collected in the final chapter.




CHAPNZR 2

- HOCIOGETON I ZATICY OF POLYCYCLIC CYCLOPROPOXIDZES
‘ 5

(A}  INTRODUCTICON

The regi9specific homologation of unsymmetrical
ketones.ﬁiéilong been the objective of many synthetic
procedures. Although the homologatioﬁ of ketones by
:diazsalkanes (22), diazoacet ic esters (235 and the
Tiffeneau*Démjanov reaction (24) oéten proceeds im good
yield, these roactions usually afford both regioisomers.
‘Recently, a new synthetic method for the ring expansion of
ceftain polycyclic ketones was describe§°(25). The
procedure, illustrated in Scheme é.l, circumvents the
problem of generating béth regiolgomers, since the
"direction of howmologation is predetermined 5} the position
of the double bond. in 23a. Cy;lopropanation of the silyl
enol ether with a zinc-silver couple and methylene iodide’
(26) gave the gycloprépyl silyl_eéhers 23b7 Cléa&age of
'23b with dilute HCL in THF'aneréted Ebé'cdrresyonding
cyclop}opanéll which upon addifion to base readiiy opened
to give ketones 23d and‘?Be. ~The pr@duét'ratié of 23d and
236 appeared to bé'iﬂfiuenéed by two Qpﬁosing factors. _
Cleavage of bond a in 23¢.may be ihhérehtly Qrefer?ed

because the‘primary carbanion is more stable and lessg

‘hindered for -protonation than the secondary carbanion

.
’
‘

4 77
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formed by cleavage ?f'bon& b." However, the relief of ring
strain resulting from cleavage b may favour this mode,
which appears to be the case-for {2.2.1) and {[2.2.2] ring
systems. In addition, preliminary studieé on the
temperature depéqdence of ihe éegioselecti?ity’for
homoketonizat ion iﬁdibated tha£ lower temperatures fa;our
the ring expansion progess. Therefore to enhance the

. synthetic utility of this method the effeét of temperatﬁre
and ring size on the product ratio of 23d agd 23c was
examined further. } |

Protonation of the anion generated by cleavage of

bond b can proceed with retentjon or inversion of

configuration. These are shown as R and 1 in Scheme 2.2,
which illustrates that the s@ereochemistry of the process
can be determined by homokggonization of 24 in a deuterated
medium. [In géneral, homoketonizat ion of cyclopropo#ides in
polycyclic.systems has been found to occur with high.
degrees of,gnvefsion or retention. Thus it was of interest
to establigh the stereochemistry of‘protqﬁation

(deutg;?tion) upon cleavage of bond b in 24.

e
(B) RESULTS AND DISCUSSICN
The homologation sequeﬁcelwas examined for a
series of eiéht polycyclic ketonés, of which four were'
readily available (camphor (25), norcamphor (206), tricyclo
[5.2.1.02v51undécan—8-one (27), tricyclo{5.3.1.02/6]
undecan-8-one (28))." The remaining four'compounds 29-32

were prepared as outlined in Scheme 2.3. Treatment of

20
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23

ketones 25-32 with lithium-diisépropylamlde followed by
reaction with trimetﬁylsilyl chloride and’triethylamine
gave the corresponding trimethylsilyl enol ethers (25a-32a)
which, with the exception of 28a, have been previously

characterized (27r29)./ Cyclopropanation of the silyl enol

»ethers, 26&—32& with & 'zinc~silver couple and methylene
‘iodide gave a single cyclypropyl silyl ethéf (26b~-32b), 1n
each case. In contrast, t‘eatment of 25a with the ;‘“\\\\
Simmons-Smith reagent yielded oqiy‘starting material even '
after 220 h at refjux. The difference lﬁ reactivity for |
25a and 26a may b attributed to s@%ric repplsioné between
the Simmons-Smith reagent and the, ;yp metﬁyl, c-8, in the
enol ether of camphor 25a. The 13Cmr data for the
cyclopropyl ;;lyl ethers 26b to 32b are listed in Table 2.1.

The orientation of the cyclopropyl methylene in

— ' -

compounds 26b, 27b, and 29b was assigned from the 13cmr

data. Since it has been found (30) that the cyclopropyl

33 34.
ring exerts specific Y substituent effects if iadgiyoratea
0

into a rigid skeleton containing the bicyclo(3.1. hexane
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system. In the case of 33, an- upfield shift of é&. 1l ppm
is observed for;é-B, while in 34, a downfield shift of
15;20 ppm was found for C-3. 'The 9pfield shift can be
.v1ewed as a normal Y-effect, yhlle the downfield shifts
have been attriﬁuted to charge transfer from the o
framework to the antibonding Walsh orbitals of the

three-membered ring (31). An examination of the 13cCmr

A
shieldings_for several bicyclo[3.2.1.02'4]octanes (30) and
Lricyclo[B.1.1.02'4)Deptanes (31) Qerves to illustrate
these effects GFig.‘é.l). Hence the l3Cmr‘sh1eld1ngs for
C-8 of 26b (6c = 31.2), C-11 of 27b (5¢'= 24.8) and C-9 of

2%b (6c= 34.3) are only consistent %dth cyclopropanation at

the exo face of 26&;'é7a and 29@, respectively. An endo *
-cyclopropyl ring in thesé systems would be expéctedsfo
deshield the méthano bridge substantially, such that its
absorption would appear near 6. 40 (see Fig. 2.1).

An inspection of molecular modelé for 30a L
indicated that cyclopropanaﬁion of the double bond shouid-

occur from the less hindered face, thereby generating 30b.



FIGURE 2.1:

'3¢ shieldinas (¢ ) of Some Bicyclo[3.1.0]-

hexane Derivatives (30,31)
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The 13Cmr data for exo-2-7,7-trimethyltricyclo(4.1.1.02:4)-
’ =z

octane (32) and 30b indicated that the cyclopropyl methylene

(27.1) | . (2c.6)

21.4 QTMS

. ‘ " 30b

group of 30b 1s abt; to C-7, since the chemical shifts for
the th compounds are gomparabl;, taking into account the
expected effects of the‘£§%hyl and traimethylsilyloxy
substituents.

AAlthough the stereocheﬁfstry of 28b and 31lb could

. not be reagily esiabllshed froﬁ the 13cmr data, the resulté

for 26b, 27b and 29b clearly indicate that methylene
transfer from the /least hindered direction 1is févoured.
Hence this would suggest that -the cyclopropyl methylene
group in 28b and 31b is syn go the methano énd dimethine
brldggs; respectlyely.

Cleavage of the cyclopropyl silyl ethers 26b, 29D,
30b and 31b with dilute HCl in THF gave ' the .corresponding

cyclopropanols 26¢, 29c, 30c and 31lc, respectively.

&)




Compourids 266, 2% and 3ic had been previously
characterized (seg Table 2.2 for 13cmy datad) whiie‘theij

‘gspectral data (ir, l3Cmr) and precxss mass meaaurement of'

30c wére in agreement with the assxgned structure. It was’

'found'that preparatlve gqs llquxd chromatography (glc).of
ghese cyclopropanols gave the éxo a-methyl ketones 264, A
224, 30d.énd,3ld (> 80 %'glc yield) respectively, with no
trace of thé endo—isoﬁers At present lt'seems most )

reasonable to conclude that the cycloprcpanols are not

stable to the glc conditions and decofmpose on the surface 5

of the column packiné-to yield theiaimethyl'dez;yati%éé?
which are stable. Since the a-methyl keﬁones"égé not
epimerized by glc analysis this would_suggestlthéf the
stereochemistry of tﬁese ketones is predetermiﬁed by‘the
stereochemistry of the cyclopropanols Therefore the .
transformat ions 26c » exo- 26d, 29c 7 exo-29d, 30c » exo-304
"and 3lc > exo-31d supports the stereochemical assxgnments
for 26c, 29c, 30c and 3lc.

Homokgtonizat ion of Zéc, 30c and 3lc was carrigd
out by rapid addition to a;solutlon of RO™/ROH at various
temperatures (at 0°, 25°C with R - Me, at 83°C with
R = t-Bu). The ketoniq products were isolated by pentane
extraction and identified by gi¢ co-injection wiéh
authentic samples'and/o; by their 13Cmr spectra. The

results from the base-catalyzed ketonlzation of the

cyclopropanols are listed in Table 2.3.

-

&
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TABLE 2.3: Base-catalyzed? homoketonization of 26c,‘ 30c and

3lc
Reactant ' L Temperatu}e " Productk (%)P
~ - ' .(°C) g > e
3lc g - 0 5 . 95
25 3 8 - 92
) 83 ‘ 13° 87
26¢, - . : 25 o 1399
83 ' | v 93
) ‘ 30c ° . 25 : ' . 1p0
4} M RO/ROH; R = Me, T = 0°, 25°C, R = t-Bu, T = 83°C..
Lt bAveraged for 2-3 runs;in each caseh,g%asuréd by glc (FFAP),
estimated precision * 5%. . v
. . "\,
0‘ » .
. N o - = .
14 N ‘1 )
S
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An alternative and more efficrent method of

_cleaving 23b 1s:by treatment with base which directly
effects ether cleavage and homoketonization of the

cyclopropyl sftlyl ether.

Coﬁpouﬁds 26b-30b and -32b were opened 1n this manner .and

.Lﬁe resulting product distributions are listed in Table .

2.4. Under these conditions the 1initially formed a-methyl
Ketones can readily‘eplmerxze, hénce the cleavage of 26b,
2%b and 30b gave mlxtﬁrqs of thé“ﬁwo~a—methyl 1somers. In’
contrast, treatment' of 28b with “OH/MeOH gave only the exo
1somer of 28d: to cﬁnfirm enolate formation e26-28d was
treatedAW1Lh MeO~™ /MeOD which yielded exo-ZBd—Qi oniy.

Therefore exo-28d does not epimerize under normal . R

conditions whichH 1€ analogous to.the béhaviour of

exo-3~methylbicvclo(3.2.1}octan-2~one which 1s also stable

under samilar conditions (33).




°

TABLE 2.4: Base:catalyzeda cleavage of cyclopropyl silyl

ethers
" Temperature ' Product (%)b-
Reactant (°C 2 3) d (exo:endo) e
om0 T T T 100
. 25 ' ©>99
) 83 | 6 94
290 0 40 60
25 . . 48 L2
‘83 L e (1:1) 32 g
26b 25 _ : A . 99
83" 4 (1:1) 96
28D s : 594€
30b 25 100 (5:1)8
32b 25 , 30 70

4ring cleavage of the cyclopropyl silyl ethers at 0° and
25°C

was accomplished with 3 M NaOH-MeOH, while at 83°C a 1 M-
KOH-t-BuOH solution was employed. .

v

—

~ ’ =
bynless otherwise indicated, the product composition was
determined by glc analysis; estimated precision 1 5%.

CExo isomer only.

A

!
drrom 13cmr spectra i1 10%.




‘In general the relative proporglons of the
ring-expanded and a-methyl ketonés formed by
homoketonization of the polycyclic cyclépgopdx;des were
consistent .with the prez1ously reborted data (25)° : -
However, the resulté f&r 29b with 3 M methanolic NaOH
solutlon’at room temperature (48% 2%e, 52% 29d) cleariy
differed from the previously reported values for
homoketonizatlop of 298¢, with t—Buéi/t—BuOH (30% 2%e, 70%
2%4) (25), this difference 1n relative ﬁroportlons 1s
difficuit to explain. The data 1n Tables 2.2 and 2.4
support the notion that tAe regloselectivity of ~

homoketonization of these polycyclic cycldpropoxxdes 1S

’1nfluenced by the relative stability of the carbanions and

of tﬁe ketonic products. It can be suggested that ring
expan§ion 15 favoured for the more strained ring systems
(26b and 31b), since the relief of ring strain resulting
from‘this mode of ring cleavage:ylelds the more stable
product, as shown 1n the energy profile diagram (Pig.

2.2). Tor the less strained ring systems (28b and 30b) the
products'from.homoketonlgation of the cyclopropoxldés are

of presumably comparable energy, and hence the stability of

" ‘the 1ncipient prlmary'anlon favours formation of the

’

a-methyl ketone (Fig. 2.3).
For synthetic purposes this homologation seguence
provides a facf%f method for ring expansion of the {2.2.1]-

,and [(2.2.2] ring systems.
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The second 1nterestlﬁg aspect of homoketonization
of 24 1s the stereoselectivity of protonation (deutefatlbn)
5 since bond b cleavage can ﬁroceed with retention or

inversion of configuration. These are shown as I and K in
Scheme 2.2 to lllustraté that the stereochemistry of the
"+ . process can be determined by cleavage 1n a deuterated
medium. The general procedure employed to distinguish
between paths I and R consisted of gieaV1ng 23b i1n "OD/KROD
N (R = CH3, t-Bu) .followed by treatlﬁg 23e-d3 Qith—"OH/MeOH
to back exchange the a-deuterium picked up after

ketonization; this sequence furnished 23e-dj. To determine

A
N

236~5]

P,

the stereochemistry of the g-deuterium atom the 13cmr

- ®

spectrum of a l:1 mixture of 23e and 23e-d) was recorded,

since the magnitude of the vicinal 13c-24 couplang




°

interactions and éhe 2H-induced isotope shifts depend on
Lhe.relative orieﬁtation of the two nuclei. The,dihedfal
' angular dependence of. vicinal deuterium induced isotope
shifts for the 13C nuclei of polycyclic systems was
examined by Jurlina and Stothers (34). For
- endo-fenchol-2-exo-dy (Fié. 2.45 the magf&tude of
ihree~bond isotope shifts is a maximum when the.digedral
angle defined by thife Lwo vicinal nucleia;s - 0°, since ihe
isotope shifts fo:-the exo—-8—methyl carbon (6 - Q®°) and
C-10 (8 =~ 30°) afe 0.080 and 0.050 ppm, respectively; while
for the remaining vicinally located carbons, e > 90° the
'isotope shifts are <« 0.020 ppm.. The magniéhde of 3JCD is
dependént upon the dihedral angle for the two nuclei (ie. a
Karplus relationship) and for 6 ~ p° or 180°, 3JCD iz
maximal, thus Qicinal‘C—D couplings are generally resolved.
The cycloproﬁyl silﬁl ethers ZSb, 27, 29 and 31b

were opened in deuterated media and back-washed with

<

T

~OH/MeOH. The.ring.expanaed ketones were glc collected and

the 13cmr spectra of l:1 mixtures of the protio and

mono-deuterated compounds were obtained. The 2H effects on

37




FIGURE 2.4: Deuterium-Induced Shifts (in ppm) for
 P3C-Nuclei in enio-fenchol-2-cxe -z,

38




the 13Cmr results for 26e-d), 27e-d}, 2%e-d), 3le-d) are
‘QhﬁﬁxgkgfrFlgure 2:5 from which 1t wasoconcluded that the
B8-2H nucleus 1s exo 1n each case. Since the magnitude of
3JCD 1s dependent upon the relative orientation °f't25 two
nuclei, a decision regarding the preferred~conformat10n for
theée_flexible-rlng systems wés required. An inspection of
molecular models indicated that the six-membered ring of
26e and 27e wi1ll favor a chair conformation. For 3le the
three carbon bridge is presumably puckered ngards the

dimethine bridge, while for 29e 1t had been concluded (35)

that both the double-chair and chair-boat conformations are

present in solution.
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The 13cmr data for 26e-d) showed'that C-6 1s
c?upled to the deuteron at C-4 (JéD = 1.1 Hz), while the
signal for‘C~8 was only sllghtiy broadened; this is |
consistent with deuterium antiperiplanar to C-6 and,
therefore in the exo-orientation. These data show that the
ring cleavage of 206b occurs with inversion. If opening
with ietgntlon occurred the deuterium nucleus should
produce observ;ble coupling with C-8 (6 38.3). An.
examination of the 13Cmr data for 27Q:dlhand 31le-d} showed
that the B-deuterium 18 coupled to C-2 (3JCD = 1.1 Hz) and
to C-9 (3JCD = 1.3 Hz), respectively, which is consistent
thg an antiperiplanar arrangement in each case and, thus,
the exo-orientation of the 8-#H in both’ketones;'
Therefore, base-catalyzed homoketonization of 27b éﬁd 3lb
also occurs Qith iﬁversion of cqnfiguratxbn at the
carban?onic site. The vicinal l_3C—2H Cng;ing‘data for
2%e-d) were more difficult to interpret s1ince unéqui;ocal
assignments for C-6 and -C-9 (8¢ 3é.6, 32.0) had not been
established. Nonetheless'tbe si1gnal at.6¢c 32.6 exhibited
3JCD = 1.1 Hz and ;incg the é—deuterium in Zﬁe—di, 27e-dy
and 31le-dj, 1s exo 1it was'concluded that the same situation
<obtains for 29e-dj; 1t follows that the 6 32.6 sxgn#l '
arises froq C-6.

To confirm these assignments a second approach vas
utilized. The initial ketone, 23, was dideuterated in the
a-pogltion and converted té 23b-d)} which was subsequently

opened with "OH/MeOH to furnxsg 23e-d1®* (see Scheme 2.4).
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The 2# effects in the 13cmr spectra of Zﬁe—dlg, 27e-d1?,
zgélélﬂ, and 3le-d;* are shown in é;gure 2.6. Fér 26e-d) *
the meth&no carbon (C-8) exhibited a‘vicinal coupling of
1.4 Hz while the C-6 siénal was only slightly broadened,
sx@xlarly, in 27e-d)*, only the methano bridge (C-11)

- exhibited a vicinal coupling (3JCD = 1.4 Hz). These data
~,'indicaﬁed that the dedtexium atom in 26e-d}* and 27¢-d)* is
.antiperzplanar to the methano bridge in each case and,
heﬁce, in the‘endo‘orientation. The 13émr spectrum for
zle;dlﬂ showed that C-6 was coupled to the deuteron at C-4
(JCD = 1.0 Hz) while the signal for C~9 was only sligptly
'Eréadened. This is consistent with éeuterium antiperi-
pianaf to C-6 and therefore in the endo-orientation,
.“showing that ring cleavage of 31lb occurs with inversion.
'fn_the l3mej séectrum of 2%9c-di* the signals for C-9 and
C-6 were both coupled to the S-deuterium atom by 1.0 and
0.7 Hz, respectively. These data are consistent with
deuterium in the endo prientgiion, assumiﬁg the keto?e
' " adopts the chair-boat conformation. In this conformation

the dihedral angle relating the deuterium atom and C-9 1s
ca. 186°,~thle 1t is ca. 107, between,endo—4~zﬁ and C-6;
hence both carbons are expected to be coupled. In
contrasf, for the chair, chair conformation only C-9 would
exhibit observable coupling; with an e#o-B—deuterium atom
only one vicinal 13¢-24 coupling would be observable.
These résults establish that the cleavage 6f bond b in 26b,

27b, 2% and 31b~proceeda with inversion.
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The 2Hmr spectra of the mono-deuterated ketones in
the @ series (26, 27, 29, 3)) were recorded and in each

case the data clearly demonstrate that homoketonization is

highly stereoselective (> 95%).
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CHAPTER 3

THE SYNTHESIS AND HOMOKETONIZATION OF

2~TRIMETHYLS ILYLOXYLHOMOQUADR I CYCLENE
(£) INTRODUCTION ‘ «

| Ring eib sion through homoketonization of an

appropr iate cyé{i:ropyl 5ilyl ether appeared to be a fapile
method for the'homologation of norbornenone (37) to
bicyclo[}.z.l)oct~6~en—2~one (38). Literature methéds for
the syntheéis of 38 suffer from over;ll low yields or
require several steps. The most direct approach,

consisting of reacting diazomethane with 37 (36) gave a 42%

SN e R
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yield of 38, as determined by glc. The Tiffeneau-Demjanov
Y ing expansion has also been reported (36) to give low

yields of 38.

a f



Another route to 38 involves the addition of

Il

.dlbrbmocarbene to norbornadiene (37). The dibromo

~N [ i’\

N J‘/Z«

- ~N "\',\
.2:_,‘ NN

*

-product is then converted to the desired compound, as

1llustrated 1n Scheme 3.1.

From the results described in Chapter 2 1t appeared

that homoketonization of 2-trimeth§léilyloxyltrlcyclo-

-
v}

[3.2.1.02v4]oct—6-ene (39) would .afford an efficient
procedure for the preparation of 38. Since the requlréd
s1lyl enol etherléo had been synthesngd by Jefford (38) 1in
reasonable vield, the only éuestlon was the regilo-
seiect1v1ty of cyclepropanétlon f;bm previous results,

'

methylene addition should occur exclusively at the enolic

double bond anq/the homoketonization was. expected to yield
mainly 38,.5y énaiog; wlth"the results for the norcamphor;
bacyclo[z.2.2]octan—2~one and b1cyclo[2.é.Z]oct—S—en—Z—one

systems.

(B) RESULTS AND DISCUSSIOCN

, The synthesis of 37 was initially achieved by the

oxidation of norborn-5-en-2-ol, a commercially available

4

e
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compound.  Oxidation of the alcohol under basic conditions,

Barett reagent (39) or acxdzc conditions, using a chromic

j.w Y

acid solutlon (40) gave con51stently low yields.
Consequently this routé was abandéned'xn favogr of a
ﬁgziffﬁg procedure developed by Freeman et al (41l) as
1llustréted in Scheme 3.2.1

The Dxels—Aldér react ion proceeded gﬁootgly~to
~afford the a- chlorocyano adduct 41 in 97% xsolated yleld
The IR spectral data for the product agreed with lxterature

values (41) and the 13Cmr spectrum indicated the presence'

of both epimers. Hydrolysis of 41 gave 37 in 86% yield Eﬂ%

“the IR and 13Cmr spectral data agreed wgth literature’
values (37). .

Ketone 37awa5 theﬁ ;reated thh,lxthxum'égzso~-
propylamide and the {gsulting'enolate duenched with
chlorotrimethylsilane to give 40 n 19% 1solated yield.
The 13fmr spec%%ym exhibited one quqterda{y signalA(Bc

173. , five methine peaks (ec 145.4, 141:2, 109.%, 53. 6,

v

48 1), one methylene signal (5c 12.5) ,and one methyi peak
{(6c 0.0, OSiMe3). The assxgnmepts are shraightforward and,
-pased upon appropriate models (42), the chemical shifts

agree with expectéd values. The IR.spectrum contained °

.

absorptions at 3065 (alkeﬁe CH stretch), 2960, 1610 (alkene’

strétch), 1250 (Si-CH3 déformation), and 840 cp~l (Si-C.
stretch) which are consistent with the assigned structure.
-+ Cyclopropanation of 40 afforded a s;ngLe product 42

which héd no olefinic signals in either the 14 or 13cwr

49




75.4

" spectra. The 13C spectrum exhibited two methylene sxgnals,

five methine peaks. a quaternary signal and the trlmethyl—

. 'silyl peak, ;ndlcatlng that the product resulted from mono—

-cyclopropanation of 40. The determlnatlon of the exact

mass confirmed the addition of one methylene group and

v

readily dismissed the possibility of a double cyclo-

propanation product . I
It was known that the“évclopronanatxon of'“vf//

norbornadlene (43) yxelﬁs in addxtxon to the expected

i

monoadduct ‘A (see next page), and a side product B, but

<

‘the addition prodUCt 42 18 clearly not sxmxlar to B. The

reaction of halocarbenes thh norbernadlene has been shown _

L\

to occu?.gy both 1,2 and homo 1 4 addltxon (44) ) Indeed,

.the reaction of difluorocarbene-with 40 gave.a mixture of .

four adducts (éﬁ)vas'lllustréted in Scheme 3.3.

-a - * -~ -
'

50
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Consgquentiy the’Simmons-Smith cyclopropanation of
* 40 could concejvably lead to the bishomopr ismane

: _ derivatives .43a and 43b.

It has also been found that the 1,2 halocarbene-

ey

T, L]

norbornadiene adducts are thefmally labile (45) and ., .

_rearrange to é,zudifluofptetrécyclé,[3;3.0.0.4'692r8}octane. -
The equivalent._reaction aIg%‘occurs with exo- |

tricyclb{3.2.1:02i4]6ctene in the pregence of a rhod ium

catalyst (46).
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From these results, adduct 42 could be a

homoquadr icyclene derivative 44a or less likely 44b.

12 ’, mT
114 15D | '\/S ALk

~ o~
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tructure 44a 1s 1n accord with the opserved-data.
especially 1n view of the propénsxty of the Simmons-Smith
reagent.to form the ..c¢ adduct and to add to the enolic
double pond. it has also been ooservéd that undér certain
condxtions the reaction of a silyl enol ether with the

‘Simmons-Smith reagent vielids an a.lviic si1lv: ether (47 .

~ =y g
A
L l '
l, — ~~
[ /\ — ~ U
[ \: o .———————%i
1 H
~ -
\/ - 2 <z
~
) .
It 1s thought that this may occur by 1initial
formation of the cyclopropyl s:ilvi ether followed by Lewis
L3

acid catalvzed i1somerization to the allylic ether. This
suggests the possibility that the :nitial cyclopropanation

. " e
cf 40 :s followed by 1somerization in situ to afford 44a:
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To aid in determining the structure of the addition
product 42, the effect of base-catalyzed cleavage was
examined in hopes of generating an laentiflable ketone by
ketonizaﬁlon of the alkoxide arising from ether cleavage.
The four suggesﬂed structures for‘the addit 1on product can
give ri1se to eleven different ketones as illustrated in
S;%;me 3.4. - ) | D

) 'On treatment with base, 42 gave a single ketone 1n
essent lally quantitative yield, having carbonyl absorption
(ir 1727 cm’'}; 8¢ 211.7) 1nd;cat1ve of a six-membered ring
ketone. The 13cmr sbectrum contained fivé~signa¥§ in
addition to the carbonyl peak: O 8.2 (CH), 14.4 (2 CH),
28.6-(2 CHp), 33.3 (CHp) and 47.8 (CH).  With the addition
of shift yeagent (Eu(fod)3) the two‘more intense signals
remained as singlets, showing the ketone to be symmetric.
Only ketone 45.fits these data.

The assignment of the 13CTT chemical shifts~for'45
Qas relatively straightforward. The lowest field methine‘
sighal was éttributed to C*S,Adeshieldedhby the-carbonyl.
Since the methlne?absorption at 6¢c 14.4 was approx1mateiy
twice as intense”és the.signal of 8¢ 9.2, this served to
distinguish C-1,7 and C-2. Similarly, the methylené signal
at 8. 28.6 was attributed C-6,8 since it was twice as
intense as the methylehe peakX at 6 33.3, which was
ascribed to C-3. g a | : B

The lHmr spectrum (CDC&g) gave further

9

confirmation. A l-proton multiplet atf 6 1.03 coupled to a

\ | . |
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SCHEME 3.4 Continued




sharp 2-proton.doublet (J = 2.7 Hz) gt 2.52 and a broad
2-proton doublet (J = 7.5 Hz) at 1.46 were readily ascribed
to H-2, H-3, and H-1,-7, respectively. A‘broadened triplet
(J - 5.3 Hz) at 8 2.50 due to HLS, and an "AB® pattern for
the 6,8—pro£ons wcre apparent. The A part (8 2.01) was
also coupled to H-5 (J -'5.3 Hz) and H-7 (J - 2 Hz), while
the B part (b 1.85).was a clean doublet (Jpg - JZ.Z.HQ)
undoubtedly due to thé endo-6,8~protons which have dihedral
angles of - 90° with respect to H-5 and H-1,-7. ALl spin
coupling interactions were confirmed by a series of
homonuclear decoupling experiments.

The IR spectrum of 45 and the mp of the 2,4-dinitro-
phenylhydrazone derivative agreed with the literature
values (48). With ketone 45 identifiéed, 1t followed that

the addition product 1s compound 44a. .

To complete the 13Cmr assi1gnments for 44a the

cyclopropanation step was repeated, employing 40-dj to

generate 44a-d) (0.80 atoms 2H/molecule). \The 13C spectrum
of 40~d) confirmed the assignment of C-3 to §..109.1, since
~this signal was significantly attenuated.




An examination of the l%Cmr spectrum of Qéé—dl
showed that the most ‘shielded methine singlet was highly
attenyated and accompanied by the expected triplet, Jcp =
26 Hz, exhibiting an isotope shift of ~0.32 ppm. In
addition, three other absorptions were altered, with the
signals corresponding to those for 44a strongly attenuated
and accompanied by )prominent singlets 0.1 ppm toward higher
field. These pattérns are typically exhibited by carbons
geminal to 2H (49) and served to identify C-3, -5, and -6

at 8¢ 30.7,.21.5, and 24.4, respectively. The remaining

4

methylenérsignal, 8c 25.3, was, therefore, due to C-8 and

v .

the signals at 6 27.4 and 33.6 arise from C-1 and -7.

As noted previously, the addition product could
arise by cyclopropanation of 40 to yield 39 which in‘turn
undergoes a Lewis acid catalyzed isomerization to 44a. The
rearrangement was initially attributed to the presence of

Ag(l) ion in the reaction mixture. This was discounted by

‘repeating the cyclopropanation reaction with the more usual

zinc-copper couple which also afforded 44a, albeit in lower -

yield. Further discussion concerning the nature of this
unusual Simmons-Smith reaction will be deferred until the

results of some redated systems are examined.

_Two aspects of the homoketonization merit comment.
b ‘ .
Although there are three conceivable modes of ring opening

for the 8-enolate of 44a shown gs a;_b, and ¢ in Scheme .
3.4, the cyclopropoxide cleavage was apparently ‘regio-

\ o

specific. It is generally acknowlédge& that homo-

99




ketonization is strongly inf luenced by the thermodynamic
stability of the product (1l6) and on this basis the ring
clea?age ﬁrocess labelled ¢ can be readily dxsmxsse&. The
remaining two pathways labelled a and b both lead to
secon@ary carbanions: the exclusive formation of 45 can be
?ttrlbuted'to thermodynamic control:of homoketonization or
stabilization of the incipient negative éﬁa;ge by the
adjacent cyclopropyl ring. The extent to which these two
factors influence the homoke%onization process will be
examined.in‘Chapter 5. . The second aspec;, stereo-
selectivity'of protonation (deuteratxon).at the carbanionic
site required additional'evidence for its clarificatxoé.
Fér this purpose the homoketonization was examined in a
deuterated medium.

. Treatment of 44a with t-BuO™ /t-BuOD gave 45-dy,
with 1.12 atoms 2H/molecdle, as determined by mass
spectrometric analysis. 1In the'lHispectrum the absorption
for exo-H-6(8) was significantly ‘attenuated while the clean
doublet for endo~-H~-6(8) (b 1285) was accompanigd by a
triplet, Jyp = 1.85 Hz, at 1.83. Cleafly ring opening
proceedea primar{iy to 45 with inversion of configuration
at the carbanionic site. Minor deuteration at C-3
undoubtedly occur¥éd through a~exchange upo% generation of
- the ketone in the deuterated medium. To check for small
amounts of deuterium at the endo—6(8)~position, the ZHmr

spectrum of the ketone was also examined. This spectrum .

contained signals at 6 1.85, 2.0, and 2.5 1in the ratio

60
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1.0:12.3:3.1, corresponding to 0.21 atoms:ZH at -3 and
0.91 atoms 2H at C-6(8) with éhe latter in the ratio of
12:1 favofxng exo-2H. Further confirmation.of the marked
preference for exo-deuteration at the A-methylene position
was obtained by examinatioh of the ketone generated by
‘homoketonization_of {4a-d) in t-BuO~/t-BuOD. The product
(2.14 atoms 2H/molecule) gave a 2H spec%rd%’having signals
at ‘6 1.45:.2.0, 2.5 with relative iﬁtensities
©11.6:1.0:12.1:10.0 corresponding to 0.72, 0.062, 0.75, and
0.62 atoms 2H at C-2, endo-6(8), exo-6(8), and C-3,
respectively. More extensive exchénge occurred at é—3
because of a longer reaction time (1l1.5 vs. 3\h). in any
event, homokatonizétion proceeds with high stereo-
selectivity (92 = l%).favoring inversion of configuratidn

which is in agreehent with findings for a wide variety of

£~enélatés.(16).
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CRAPYER 4
DEUTERIUN. EACHANGE VIA HOMOEROLIZATION IN
TRICYCLO[3.2.1.02:7]OCTAN-4-CNE
{A) INTRODUCTION

Having shown that homoketonization of the
cyclopropoxzdevof 44a afforded only 45 with no trace of 46,
1t was of 1nterest to determine if 3,3-dimethyltricyclo
[3.2.1.02'7]octan—4—one (47) would yield 3,3-dimethyl
tr1cyclo{3.3.0.02j810ctan—4~one (48) under homoenoclization
condltions.' In principle, B-protoh abstraction of 47 could
occur at C-6(8) and at the methyl groups (see Scheme 4.1)
resultiﬁg in the formation of B-enolates 49 and 50,
~respect1§ely. Subsequeqt cleavage of 4% via mode b wil%
generate 48. -

To determine the regioj and stereochemistry of
proton abstraction in 47 uﬁ&er 'strongly basic~conditioné.
-homoenolxgation was examined in a deuterated medium. A
compar Lson of the ;ates Bf deuterium exchange in 47 with

those for 3,3-dimethylbicyclo{2.2.2]octan~-2-one (10) would

indicate the effect of the cyclopropyl ring of 47 on the

homoenolization process.
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(B) RESULTS. S

Treatment_of 45 with NaNH;-Et 0-Mel (50) furrished

the dimethylated ketone 47 whose 13Cmr spectrum cgontained
seven signals: B¢ 216.4 (C=0), 4/.1 (CH), 41.0 (-C-), 28.4

(CHp), 27.0 (Me x 2), 22.2 (CH x 2) and 14.0 (CH). The

’

lowest field methine peak (8, 47.1) was attributed to C-5,
deshle%dod by the cdrbonyl. The relative intensities of

the two methine signals at 8¢ 22 2 anq 14.0 served to

dlstlngu1sh C-1,7 and C-2, respectlvely. The remaining

agsignmenté were sffaightforward and are summarized in Fig.

ES

4.1,

The: limr spectrum of 47 was, as expected, s;ﬁilar

?

. to that- of 45. .A one-proton triplet at 8 0.91 (J = 7.6 Hz)-

4 D R .
coupled to a broadéned two proton doublet at 8 1.50 were

readxly ascrxbed to H-2 and H-1, 7 respectively. A triplet
&

. at 2. 47 (J =5, 3 Hz) was ass1gned to H-5, coupled to

-

exo-H~6.8 and the strong srnglet at 6 .1. 12 was attrlbuted

“ ‘X

to the methyl protons. The absorptlon for the 6, 8 protons

formed an “AB° pattern, thh the A part at 6 l 95 appear1ng‘

as a broadened four line pattern (J = 12 6, 5.3 Hz) with

small Eoupllng to H-1,7. The B part at & 1.80 was a sh@rp

.doublet (J = 12. 6 Hz), the absence of sxgnxflcant
additiohal couglipg presumably due to the approximately 90°
dloedr?l angle oeiween H—S,'Hll(7)‘a2d fndo~H—6(8). All
spin~coupling iuﬂezacfxons.weré confirmed by homonuclear%

decoupling experiments. y .

»

’
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' Deuterlqm 1ncorporation ‘at C-6{8) was consonant with the
« v ] . * . A

Treaﬁment of 47 thh t- BuO /t BuOH at’180 C for
- extended reactLOn times gave only startlng mater ial in high

yleld {90~ 100%) from the neutral fractlon

]
s . FIR

materxal was 1solated from the ac1d1c fractlon

2 BN

No addltxonal

°

A

\
Ketone 47 was then treated w1th t ~BuO~ /t -BuOD at

~

The ﬁeutral product “

'185°C for Varying‘periods o{ tlme.

from each run was idolated. by prqparatlve glc and examined

by 2H ana 13Cmr and* mass spectrometry These results.are

’

lxsted in Table 4.1. g ~ 4
X -
'"ﬁ." Slnce even trace amounts of water can reduce the

Ty N

base strength of t-BuG~ /t:Ehoo fﬁe rate of deuterlum

1 -
1 B

-

lncorporatlon for 13 was determlned thh the same stock .

s = i -, ~

i 8 .
solutxon used for the experlments with 47.. Tr rgatment of -3

A, 4

g 7BuO /t BuOD at 185°C for so h afforaed 13-dy having"

2 34 atoms 2H/m@leeule o -‘. Co RN . :3"
"ﬁ ‘ d B : . o A - T ok

IR N .
(C) DISCUSSION . oy , g.

- ' c b
jf‘ From,the results in Table 4. l the approxxmaté
i o
pseudo flrst order zate constants for 2H exchange in 47 at

A

C l 7, 5, exo-C- 6(8), endo C-6{8) ‘and the methyl .
bosmtlone were found to-be 2.8 x 10° 7, 592 x 1877, 8.4 x

;G’ 3 8 x 10 6 and 2.8 x 10°8 sec“l. _respectively.

&

fofmatipn'of'p~énoLate 49, or ifs equivalent. In -

-

pr inciple, thls B enolate could lead to @8 but @one was
detected in contrast to the-reeults of homoenollzatlon of
13, ‘which very slowly rearranges to 52 vié’the B-enolate,

' ) “ .
, ¥ ' L]

2l

*
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53. At present.zit seems reasonable t65tonc1uae that 49

Z

[

__affords only 47 becausé it 1s theé more stable product.’

The.firstibrder.rate consfdnps'for'exchange at the

exo- and endo-C-6(8) sites Lp@lcate that cleavage of pond a

in 49 proceeds pref.ere:nt}ally-with inversion of g?

- - configuration- (exo-deuteration) over retention by a factor
‘of ca. 2. . The{stereoée}ectlvity of cleavage 1s reduced

s
rglabive to that in 53 for which inversion 1is favored by a

AN . . ' factor of ca. 7. PRresumably the enhanced acidity of the -

cyclopropyl protons .over their alicyciic counterparts

v v

t acéounts‘for minor 2H incorporation at C-1(7). The .

. ihcorporation of deuté%ium at C-5 of 47 is in contrast to,
9

the results of 13 and is difficult. td explain.
Apart from the eﬁhaﬁcea acidity of the cyclopropyl.”*
protons, H-1(7) of 47, the rates of deuterium incorporation p

' ] &
for 47-and 13 do not differ greatly, .Thus~tp a, first .

approximation the cyclopropane ring does not”significantly

affect the B-exchangé process for 47.

-
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(A)

SYNTHESIS OF 6-SPIRCCYCLOPROPYL
TRICYCLO({3.2. 1.0%+ 7 JoCTAN~4-0ONE

INTRODUCTION

The observation‘that treatment of -the

’

CHRAPFER

trimethylsilyl enol ether of norbornenone with the

Simmons-Smith reagent affords 2-trimethylsilyloxyl-

-

4

hoﬁoquadr;cycléﬁe, gave reason to investigate the effect of

substituents on the reaction course.
1nteré§t:to determine the éffgct of
homoketonization.of the product(s) derived frqm

cyclopropanation\éince it had been‘deménstratéd that the

homoketon{%gﬁion process can be influenced by

4

o

substituents - on the

Secondly, it was of

B-functionaiization. Zwanghburg has demonstrated that the

h

regiochemiét;y.of base-1nduced homoketonizat?éh\gg strained

can

stabilize the caibanidnic intermediates.~ This direct; e.

effect has been demonstrated in the 1,3-bishomocubane cage

. system (SL1). .Kebai acetate _54 (see Scheme 5.1) with base

yielded the thermodynamically controlled homoketonizat ion

in regiochemistry ¢

2

)

-

P

-

@f homoketonization of 54 and 56 was

\.}k\\'\":n

'

- product 55, while ring éleavage'of 56 gave 57. This change

g;;ributed'to conjugative stabilization of the carbanionic

intermediate formed-from cleavage of the C-5,6 bond of 56.

B
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" OMe/MeOH

56 ' 57

~ [} . o~

SCHEME 5.1
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These results suggested that homoketonization of

a
-

44a analogs could be redirected to afford the tricyclo-
{3.3.0.02:8)octan-4~-one system, through appropriate
substitution. This system has synthetic utility since many
syntheses of natural products which are polyfused
cyclopentanoids (52) are based upon this skeleton.

The degree to which a carbanion can be stabilized
by a cyélcpropyl fing system has ﬁot been established and
remains controversial‘(535. Hence it was of interest to
-investigate the effect of a spirocyclopropyl éroup at C-8
in 44a on the homoketontzgtion process, sane‘it may be ‘
possible to redirect the homoketonization process dépendent
upon the dégree to which the spirocyclopropyl ring can
stabi'lize the€ adjacent gegative charge. It wa;-anticipated
that?;reahment of the silyl enol ether of 7—spirocyclo—"
propylnorbornenone (58) with the Simmons-Smith reagent
would yield the homoquadr icyclene derivative 59.. Treatmeﬁt
of 5% with base would generate the corregponding éyclo~
propoxide 60 by ether cleavage and homoketéni;atioh could
involve either of two bénd cleavage modes, lageliéd as a

a

and b in 60 (Scheme 5.2).

(B) RESULTS AND DISCUSSION .

o

-

The stérting material, 7—spirocyclobropyl-
norbornenone (63) was synthesized followiqg'the pfoéédure

developed by Turro (54) and illustrated below.

[

10
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.The lithium enolate of 63 was generated 1n the

usual manner from LDA énd_quenched with chlorotrimethyl-
s1lane, to afford 58. The IHmr épectrum of 58 contained
‘absorptions.at (5 (CgDg)) : ('7.‘44 (1H, d, J = 1.9 Hz), 7.42
(14, @, J = 1.9 Hz), 5.32 (1, a4, J = 3.3, 2.1 Hz), 2.64
(1H, m), 2.48 (lH, m), 0.68<0.27 (4H, m) and a strong
singlet at 0.10 (MEgSi). Since the enolic-proton ab;orbs
a£ approx1mateiy 6 5.0, the signals at 6 5.32, 7.42 and
7;44 were readily,assignable,ﬁé H~3" 45 and —6:
respectively. ‘Two' patterns at & 2.54, ai.nd 2.48 were
attributed to the brldgeheéd protons and -the four proton .
multiplet at 8 0.68-0.27 was ascribgd polfhe sp;rocyclo—‘

-] k3

propyl protons. =




1.2/

The 13Cmr spectrum of 58 exhlblted five methlne
signals (B8c 145; 4, 141.0, 109.3, 58.8, 53.8), two methylene
peaks (bc 10.6, 10.4), two'quaternary signals  (6¢c 172.5,
67.5)‘éqd the‘trlmethy151lyi absorption at 8, 0.0. The
assignments are straightforward and consistent with those
for 40, taking into account the effect of the spirocyclo-

-

propyl ring at C;7.

(10.4)

(10.6)

72.5

109.3

172.5
(141.2)

N OTMS . o - OTMS

The IR spectrum, confaining absorptions of 3060
(alkene CH stretch), 2560 1610 (alkene stretch), 1265,
845 em~1 (0SiCH3 stretch), was 1n agreement gbth the
aSSLgned structure for 58 and the molecular formula,
Clelgqsi, was confirmed by precise masslmeasuremegr.

Cyclopropaﬁation of 58 was acdomplisﬁed with the

"same procedure employed for 40 and with similar results.

_ The isolated product had no olefinic signals in the lH and

. L8 . ’ ’
13cmr spectra, and. a precise mass measurement confirmed the
e -

-

\

23
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addition Qf one methylene group. These data indicated that
cyclopropahation of 58 had generated the corresponding
homoquadricyclene derivative 5%.

The structure of the product was established by
lHmr ang by the dete;@ination of the 13¢c~13c sﬁin coupling
constants from a 1D-INADEQUATE spectrum (55¥; the results ' T
of the latter are summarized in Fig. 5.1. The 13¢-13¢
coupling constants.pérmitiéd the assignﬁeAt of the 13¢
. siénala for compound 58.

" In the lHmr spectrum the two lowest field protons &
at 8 2.27 (doublet, J = 11.7 Hz) and 8 2.12 (J = 11.7, 5.1,'
1.5 Hz) form an “AB" pattern and were ascribed to the
3-methylene protons since these are the only protons not
part of a cyclopropyl fing, The "endo-3-proton was@coupleq_
to H-4 (J ='5.1 Hz) and H-1 (J‘J 1.5 Hz, long range “"W®
coupling), whiie the exo-3~-proton app;ared as a simple
doublet because of its - 90° diﬁedralﬁiqgle with respect to
H-4. The signal for H-1 was identified by thé‘faét that it
should cphtain only éne largé.cgapling with H-7 and Qn this
basis the pattern at 6 1.24.(J - 7.3, 1.5, 1.5 Hz) was '
ascribed to H-1. The two 1.5 HZ couplings were attributed
to long range e éoupling to H-5 and endo-H-3. A one
proton doubleg‘of doublets at 8 1.98 (J -~ 7.3, 4.3 Hz) was

ascribed to H-7 which is coupied to H-1 and H-6. The

latter signal absorbed at & 1.71 (J = 6.3, 6.3, 4.3 Hz) and

_was coupled to H-4 (J = 6.3 Hz) and H-5 (J = 6.3 Hz).

+

Multiplets at 6 1.11 (IH), 0.76 (1H), 0.68 (2H) and 0:37
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1

(2H) could not be feadily interpreted. Finally, the
Si(Me)3 éroup gave a clean singlet -at 8 0.11.
The use of homonuclear decoupling assisted in the

.assignment of the multiplets. Irradiation of the pattern
at 8 0.76 caused no cgange in the.spac1ngs for the
multiplet at 8 1.11 or those further downfield, thus 1t
could be assigned to-a spxrocyclogropyL proton. Double
irradiation of the two-proton multiplet at 8 0.65 gave rilse
to changes in the pattern aé 6 0.37, 0.76, 1.11 apd 1.71.
fhe changes iﬁ the absorptions at & 0.76 (l1H) and 6 0.37
(2H) indicated that these arise from three of ﬁhe féur

.

spirocyclopropyl protons. The second proton of the 0.68

multipleg, therefore, was attrlbuted to H-5 since there was
no change in thefpattern for endo-H-3. Consequently the
multiplet at & 1.11 which had been collapsed to a broad
triplet is, due to H-4. The elimination of the 1.5 Hz
coupling of H-5 to H-1l resulted in the signal fo 1
appearing as a doublet of doublets (J = 7.3, 1.5 Hz)
Irradiation at 86 2.12 removed a 5.1 Hz coupling to H-4
reducing the multiplet to a broadened doublet of doublets:
(J 8.1, 6.3 Hz) due’to coupling with H-5 (J ° 8.1 Hz) and
H-6 (J 7 6.3 Hz). All of the remaining interactions were
confirﬁéd by de;oupling experiments, which are suﬁmariied
in Fié: 5.2. - |

' With Qhe structure of 59 established, the

-hqmoketonizatiod reaction was examined. On treatment with

base, 59 gavé a single, neutral product having carbonyl

76
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agsorptlon (1ir 1725 em™}, Bc 210.2) 1ndicative of a
six-mempbered ring ketone. The 13cmr spectrum contained
nine signals 1in addition to the carbonyl peak: ©&c 55.8
(CH), 33.8 (CHp), 28.0 (CHy)., 24.7 (C), 21f7 (CH), 15.9
(CH), 10.5 (CH), 9.9 (CHp) and 4.6 (CH)). The carbonyl
shift indicated that homoketonization of 59 éave 62, the
b-spirocvclopropyl analog of 45L,rather.than 61 which,
contains a cyclopentanbtne moiety. The two highest field
methylene signals (6c19§9,.4.6) and the guaternary signal
at 06c 24.7 éan be attributed to the spirgcyclopropyl ring
Gérbbns. With allowances for the effects of the splrocyélo—
propyl ring the remaining ;3q_chémical shifts were expected

to be similar to those of 45.

= s
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Conflrmatyon of these 13 assignments was obté;ned o

by\méashrement_of the 13¢-13¢ coupling constants, T e

determined by a Lb~INAﬁEQUATE experimept. The results are

summar ized in Fig. 5.3." Geminal coupllng between C-3.and

c-5 was expected 51nce it has been noted (42) that gemxnal‘

1nteract10nslthrough a carbonyl carbon are relatively R o

large. For example, the J).3 coupling constant for acetone |

L2

is 16.1 Hz and for 2-butanone 1t 1s 15.2 Hz.

The lHmr spectrum prov1ded further evxdence for | ‘
structure 62. The two lowest field protons formed an "AB"
pattern with the A part at 6 2.65 6broadened dé, g = 20.0,
2<6 Hz) and the B part at 8 2.53 (ddd, J - 20.0, 2.6, 0.8
Hz). This patterq was ascribed to the 3~proﬁons each
coupled to H-2 (J = 2.6\Hz). The small 0.8 Hz coupling for
the signal 8 2.53 was shown to be due to exo-H-8 (6 2.23)
(long range w inpe?actiop), hence this sggnal was_asofibed
to the 3—prptop syn to the spiroquiépropyl ring and,
therefore, the signal at 8°2.65 corresponds to the anti.
Exo-H-8 at 6 2.23 (J = 12.6, 5.6, 3.4, 0.8 Hz) was coupled .
to endo-H-8 (J ~ 12.6 Hz), H-5 (J = 5.6 Hz) and H-1

(J = 3.4 Hz) Therefore, the broadened one-proton doublet .

L ;fat 6 1.87 (J = 12 6 Hz) arose from endo H~-8, which is no?

~-significantly coupled to H-5 and H-1 because of the
approximately 90° dihedral angle relationship bepweeh these
protons. The doublet at 6 1.75 (J = 5.6 Hz) was readily

14
ascribed to H-5 and the multiplet at 6 1.11 (J < 7.5, 7.5,

2.6, 2.6 Hz) to H-2 on the basis of the 2.6 Hz coupling,
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which was common with H-3. The remaining couplings for H-2

. -

were ascribed to H-7 (J = 7.5 Hz) and H-1 (42 7.5 Hz). A

broadened 8-line pattern at 6 '0.96 (J = 7.5, 5.8, 0.9 hz)
X
could be assighed to H-7, which'is shielded by the -

spirocyclopropyl rigg.and coupled to H-2 (J = 7.5 Hz) - and
H—l'(J = 5.8 ‘Hz). The remaining smallf;oupling,was not |
identified. A one-proton ﬁﬁltiplet at o llSvaas attributed
to H;l'and the four proton multiplet at 8 0.35-0.60 was
ascribed to the spirocycloprog?l\protons. .
: Qouble irradia;ion of the exo-8-proton reduced the
H-1 pattern to aﬁ'eight line multiplet (J = 7.5, 5.8, 1.5
Hz) by eliminating a splittiqg of 3.4 Hi.* This pattern was
attr;buted to .interactions Q;th H-2 (J = 7.5 Hz), H-7 (J -
5.8 Hz) and endo-H-8 (J .= 1.5 Hz): double irradiation of -
endo-H-8 confirmed the spin.coupling interaction to H-1.
The remaining couplings were all confirmed by decoupling
exper iments and thg results are summarized in Figure‘s.é.
Since 6,6-dimethylbicyclo[2.2.2)octan-2-one had !
_been prepared (56), chemical confirmation of the structpre.
of 62 was~attempted by hydrogeéation..ATreatmELt of 62 with
hydrogen and Pt20 afforded th‘new Eompounds~(64,65)l
éreparative'glc (FFAP) furnished a.pure ketone 64 and an
alcohol 65 contgmiggted with starting material. The 13Cmr..
spectrum of.éé.éxhibited two methylene sxgnalé (5C,33.?,
1 26.9), four methine peaks (& 58.7, 23.5, 14.4, 10.5), a’

quaternary sighal (8. 40.8), two methyl peaks (8¢ 26.7,

26.0) and a carbonyl abso%ptioﬁ at ' 8 212.1. The appearance

"3
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§1
of two meih;l signals and the absehée of two spxrogyclo-
propyl methylene peaks showed thgt hydrogenolysis occurred
at the spirocyclopropyl ring. A .precise mass measurement
of 64 ghowed.the molecular formula to be C10H140 which 1s

consistent with.the {3Cmr data.

The 13¢ assignments for 64 followed from the data

-~

: / 212.1
33.4 )

for 45 and 62.

14.4

v

i

The lHmr .spectrum provided further support for

structure 64. . An "AB® pattern at &6 2.55 (J = 21:0, 2.5 Hzg'

and 8 2.48 (J :'21:oh‘2.5 Hz) was ascribed to the two H-3
protons coupled tb H-2. A& Bne—p;oton gigﬁt~line.pattern at’
o 2.26 (3 - 13.3, 5.5, 3.4 Hz) was attribd;ed to ;xo~H~8
coupled to endo-H-8 (J = 13.3 Hz), H-5 (J = 5.5 Hz) and H-1
(3 = 3.4 Hz). Therefore the doublet at 5 2.04 (J - 5.5 Hz) -

arose from-H-5 and the doublet at 6 1.75 (J = 13.3 Hz) was



assigned to endo-H-8. A six-lxne.péttérn at 8 1.42 (J -
6.5, 6.5£ B.Q-Hz) waéiassigéag\so H;lfand the two remaining
éyclopropyi protons (H-2, -7) gavé'rise to a complex |
multiplet at 8 1.00-1.29. The two methyl singlets, Qefe at

8 1.02 and 1.07. .

: The L3Cmr spectruﬁ.of.the second fraction from the

hydrogenatioa_éXperimenz\Tﬁa;cétéd the presence of 62 and
~an alcohol, présumably formed by réduct;onvof 64. Thus,

there was no evidence of hydrogenolysis of éhe remaining

‘thr ee-membered fxng.

The stereoselectivity of protonaﬁion in the
ﬁomdketonlzat;on of 5% wgS'establléhed wggh exper iments in
aeuterated media. Treatment of 59 with t~BuO’/t~BuQD ga?e
62-dy (1.79 atoms ZH/moiecglel. The. 13cmr spectrum showed
that deuterium was incorpérated at C-3 and C-8. The..
original signais for each were significantly aétenuate@,
and that for C-3 was accompanied by a trlplét, Jop = 206.5
Hz, exhibiting an isotoée shift of -0.33 ppm; for C-8, Jcp
~ 20.9 Hz with an 1sotope shift of -0.33 ppm. The 2Hmr
spectrum of:62~§x conté?qed'signals for 2H-3, exo-éH~é and
endo-2H-8 with relative*intensities of 10.00: 7.25 : «
'.0.66,corre§pohding to 1.0 éfpms ZH}mo;iﬁule at C-3 and 0.8
‘,étoms 2H/molgc;ule at C-8 with the latter in the_ratié 11:1
fayouring exq—zﬂ. Therefére hq&oketon{zation of %g

pioceeds'wibﬁ pigh stereoseleqtiviiy (92% 2 ,1%) 'ayourfhg

' L

inversion of COnfiguration§*. . e

.
L4 ’ c L. . ) : ) A ‘4

_532




() coveusieys .

' The bshaviour. of 58 with the Simmons-Smith reagent
is anaLogous'to'that of 40, cyclopqopahatxon yielded only
the refrranged p;oduct 59 and né trace of the Lnitial
cyclopro@anated compound . j;omoketonizationiof 60 is
reglospecific with cleavage occurring at the C-2,7 bond, aé

is the case for {44a. The failure of thé 8-spirocyclopropyl

group to re-direct homoketonization indicated that the

regiospeﬁifié'ring clsavage of the S#-enolates derived from ’

44a and 59 is due to thermodynamic control of
" homoketonization. Finally, protonation ai the carbanion
site proceeds with high steréoaelectivity favour ing

inversidn of configuration (952).
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CHAPTER 6 oo
- SYNTHESIS AND HOXOKETONIZATION OF SOME SUBSTITUTED
2-TRIMETHYLS ILYLOXYLHONOQUADR I CYCLENES

L,
%

(A) INTRODUCTION

l‘ »

“since the spirocyclopropyl group in 60 did not

alter the course of hoﬁokétonlzation. it was of interest to.

determine whether a more effective carbanion‘stabilizlng R

functionality could influence this”“reaction. The ability

. of a double bond to stabilize an adjacent carbanion 1s well
kﬁowh; thus the plaéement of a double bond on the
cyélopropoxide ring could bi;s the ring opening éf
B-enoclate 66. Since cleavage of bond a;afforﬁs a secongary
carﬁéngon, while pathway b leads to an allylic carbanion,

3

the iattér'process may be favored. .Hence, the effect of a

¥

3
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neighboring double'bond on the hcmokétonization proéess was
examinéd. = |

| The appropriately substituted homéquad?icytleae
deriyative 68 could be synthesized from the trimethylsilyl
enol ether of 7*isoﬁrdﬁ§iidenenorbornenoné (67}, Since it

was expected that regiospecific cyclopropanation of the

enolic double bond and facile intramolecular cycloadditign

of the initial adduct would occur. The 7-substituent of 67

should not interfere with this reactipn from the results of

i

cyclopropanation of 58. Treatment of 6§ with base coﬁkd’

then afford ketone 69 (see Scheme 6.1) provided the double

5 .

bond re-directs the homoketonization process. :

”

(B) RESULT@ AND.DISCUSSI@N L
. , It was antxcxpated that the desired ketone,

7~isoprdpyi;danenorbornenone (71) could be synthesxzed by

condens ing dimethylfulvéne with m—chloroaqry;onitr;lé,

followed by hydrolysis of the adduct. The DieIs—Alder

" reaction gave the expected adduct in 82% isolated yield and

the 13cmr spectrum indicated the presence of both’ isomers
Hydrolysis of the mixture under a varxety of conditions
(KOH and ethylene glycol KOH and t-butanol, NaSy-9H20 and
ethanol) failed to foord 71 presum&bly due to facile

base~induced ring opening: to give the carboxylate of .71.

A

““It has been reported (57) that 71 opens to

1-(carboxymethfl)*241sopropylidénecyclopent*3-ene whed

tfeated with unsolvated hydroxide ion’ in DMSO. The

synthesis of 71 was succesafully achieved by employing the,

- I —
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procedure developed by DePuy and‘§€ory (58), as xllustrated
tn Scheme 6.2. ’ '

. .. .5 LY - .
Ketone 7)1 was then treated with LDA to generate

the corresponding lithium énoléﬁé, which was quenchad with

2

chlorotrimethylsilane to afﬁord 67 Ln 81% isolated yleld
The IR spectrum of the product contaxned absorptions at
3050 (CH a;kene'streﬁch), 2865, 1610 (alkene stretch), 1250
(SiMej Btretch) and 844 cm;l'(OSiMFg strgtgh) which are
consistent with éhe aésiénedgstruqture .

The lHﬁ\r spectvvm providéd further conflrmatxon . e
{!} .
A broadened three-line pattern (2H, J = 1.7 Hz) at 8 6 7&

- ., N >

was ascribed to part ‘of the AB pattern for H-5, and -6, '
ecach coupled to the brxdghead protons. A doublet of

doublets at 8 5.23 (J = 3.6, 1.3 Hz) vas assxgned to H- -3

A I

coupled to H 1 and -4, -which absorbed at 8 3.74 (m) and
3.84 (m), respectxvely The two methyl signals of the
xsopropylxdene suh@txtuent and the protons of the 0SiMej

group appeared at 8 1.33, 1.38 and 0.0, respectively. . -

4

The 13Cmr spectzgm contained three quaternary

signals (ac 93. 4 162.9, 171.8), five@Fethine peaka

L Y

(8ce134.3; 141. 3 109. 5, 54‘7 48.9), and three methyl ;- ‘
signals (6c 18.7, 18.6, 0. 1 (091%@3))  The Lssigrment of - |

the methine signals: was stralghtforward with the two lower

fxeld pe&ks attrlbuted to C-5 and -6 and the signal at

L
*

“ac 109.5 ascribed to C-3, since enolic methine signals

°

usually absorb near. 8¢ 110.0. The remaining two methine

-~
~

exghals were~attributed to C-1 and C-4, with C-1 further




~

1e0” /MeOH

SCHEME 6.3 .
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downfield because of deshielding by the 0SiMe3
substituent. The signal at 8¢ 171.8 was assigned.to C-2,
basgd‘upon the l3Cmr chemical shifts of 58 and 4§~for which:-
the C-2 signal absorbs at 8c 172.5 and 173.0, |
respectively. Cpnseduently the fwo remaining signalé at
8c 162.9 and 93.4 were ascribed to C-7 and the unsaturat;d
carpbon of the isopropylidene substitueﬁt. .
Cyc;opropanatlcn of 67 was iﬁxtially achjeved
employing 1.9 equivalents of methylene iodide (see Table
6.1). After the usual work-up, a +3cmr spectrum of the
product indicated that two compounds in a ratio of 1:1
constituted approximately 90% of the product with no
starting material present. Two signals at 8¢ 70.8 and 70..1
suggested the presence of two s8ilyl ether cogbounds.- fromL
the previods results one ofhthese compounds céulé be 68 and
the two sighais at 8¢ 133.3 and lél.O supported this
possibility. Therefore, thé second compound could arise by
é;g%bprdpanation of 68 and the presence of a quaternary '
s1gnal at 8. 17.4 reinforced this pdss1bility. All
attempts to isolate these two compounds by gas-liquid
chfomatography led to extensive decomposition of the
product,‘tegarqless of the hétuge and condition of the glc
column. Therefore to delineate the 1i3cmr signals due to

v

the”doubiy cyclopropanated product 72 the reaction was

>

repeatéd: mployiﬁg 2.8 equivalents of methylene iodide.

Y/ spectrum of this product had the same sets of

signals as before, except the ratio was approximately 2.1,
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N
?he 13cmr data for the major compound consisted of two
'methyle;e %}gnals (6¢c 33.0, 25.0),fthree quaternary peaks
(6c 70.1, 33.6, 17.4), two methyl signals (6c.25.4, 24.2)
>and five methine signals (8¢ 38.4, 29.9, 29.6, 22.6,
20.3). These data wére consistent with structure 72.
. The three'qdaternary 51gngls at 6o 70.1, 33.6, and
17.4 were ascribed to C-2, C-8 and the dimethylated carbon
of the Spirocyclopropyl ring, respectively. The low field
methylene peak offb 33.0 was assigned to C~3; and the
signal at 6 25.0 was ascribed to the spirocyclopropyl
methyleneg Based upon the 13Cmr data. of 44a and 59, the
lowes£ field methine signal at & 38.4 was assigned to C-1
and the signals at &6¢ 29.9‘and*29.6 were attributed to C-5
and C-7. The highest field methine absorption at 6. 20.3
was ascribed to C-4, aﬁd the remalning‘methlné at 8¢ 22.6

was attributed to C-6.

22.1° 20.6

32.1

23.3 _ O\ 626
B UTMS




With allowance for the effects of the two methyl
substituents, the remaining l?C chemical shifts were, asy ®

expected, similar to those of 59. - ° . ' /

To establish the structure of 72, ‘the cyclo- ‘ *

o

propanation product was treated with base to- generate an

identifiable- ketone, by homoketonization of the cyclo-

[
*

- propoxide arising from ether cleavage. Based upon the
results of homoketonization of 63, the base catalyzed T
cleavage of 72 should afford the Qimethylspirocyclopropyl

analog of 62'(7§). ' ‘ .

73

~ o~

Oon tfeatment with base, the cyclopropanated.% : .
product (Expt. 3} afforded two ketone% in a 6.4:1 ratio.

" The major component,‘purified'by glc had carboﬁyl

absorption (ir 1735 em~ 1, bc 210.8) indicative of a
R
six-membered ring ketone and the molecular formula was

found to be CjyH1g0 by precise mass measurement, confirming

the addition of two methylene groups.




N
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The 13Cmr spectrum for 73 Fontained, in é&difion
to the carbonyl peak,.two guaternary signals (6c'33.0l'
17.0), two methyl signals (8¢ 23.5, 22.7), thiee methylene.
peaks (8¢ 34.2, 29.3, 22.2) and four methine signals (8¢ .
53.8, 20.0, '15.8, 10.4). To aid the 13C assignments for
73, 1H/2H exchange under mild conditions was examined. The
ketone was stirred at room te&perature in the presence of
~OD/MeOD for 8 hr and, in the 13Cmr spectrum of the
recovered material (total 1.65 atoms 2H/moleculae), the-
signal at 8¢ 34.2 was significantly attenuated.
Conseéuently this signal was ascribéd to C-3 and th&”
absorptions at 8¢ 29.3 énd122.2 were assigned t& C-8 and
the spiro cyclopropyl methylene respectively.‘ The lowest
field mething peak (6c 53.8) was attributed to C-5,
deshielded by tge carbonyl. From the 13C assignments of 45
énd §2 the lowest fieid cyclopropyl methine signal
(6c 10.4) was aséribed to C-2 and the highest fdeld (8¢
20.0) to C-T7; thg remaining assignménts were

straightforward.
F

Q-

Additional confirmation of these assiénments.was,
" obtained from the 13cmr spectrum of a - 1:1 mixture of 4
73-dy and 73, the data for which are shown in Figure é.l.
As expected, the methine signal of 8 10.4 containggktwo

isétopé—shifted signals and the shifts were indicative of a -

13¢ nucleus two bonds removed from one and two deuterium

nuclei. The isotope shifts of the.téo remaining cyclo-

propyl methine signals are consistent with expectations for
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structure 73. -The remaining two signals (6¢ 29.3; 22.0)

which 3xhibitedAvery small.iéotope shifts werqﬂhot'readily .

-

ass:

ed . ,.
A comparison of the }3C data for 62 and 73 ‘
ot supports the assigned ‘structure for 73.
The ler'spectrum gave further support. The
proton spectra of 73 and 73-dy showed that the si§n51s at
8 2.57 (J = 20.0,,2.0 Hz) and 2.56 (J = 20.0, 2.0 Hz) were
strongly'attenuateé in the latterlspectrum, therefore the;é
absorptions were attributed to the 3-protons coupled to
H-2. A one proton eight-line mulﬁiplet at 8 2.25%

(J = 12.4, 5.8, 3.1 Hz), coupled to doublets at:8 1.87 (J =

12.4 Hz), and 6 2.07 (J = 5.8 Azy and a 12-line multiplet
at 8 1.55 (J = 6.8, 5.8, 3/1; ca. 0.5 Hz), was readiiﬂ;“
assigﬁed to e#o~H*8, which is coupled to endo-H~8, H-5 Aqd
H-1, regpecéively. fhe absence of additional signifiéaﬁﬁ"

. coupling for endo-H-8 was attribﬁféd.td its aﬁpréximately )
30° dihedfal angle relationship with H-1 an&.H—S;- The |
remaining coupling interactions of H-I were ascribed to .
H-2,7 (J = 6.8, 6.8 Hz) and endo-H-8. A two-proton 3',

. maltiplet at & 1.10-1.15 was attributed to the two

[ . remaining methine absorptions of the cyclopropyl ring.. Two

’ intenée singlets at & 1.17 and 1.03 were feadiiy éssigned

'.to the methyl signals and the two highést field doublets at
6 0.42 and 0.28 (J = 4.6 Hz) are due to the protons of the

spirocyclopropyl methylene. All of these coupling inter- )
3 ) . : |

-




\

A)
S
Sy

actions were.confirmed by homooocléaﬁodécohptlng and the ~
Lyimy data are summar ized in Fxgure 6.2. , 7() ' ' C
'  With the structure of 73 establlshed and from the
resufts of homoketonization of BO,Jtpe compound which on
treatment_Qith:baSQVéffofas 73, must be 72. Tho format ion
of 72 reéul;s from a Stereosoecific cyciopropanation of the
;Lsopropylxdene double bond of 68, but the ﬁoaxtion of. the
i%emlnal methyl groups on the splrocyclbpfopyl group cannot
-i be readlly determlned from tHe ler or l3Cmr spectra. An
examlnatlon of molecular models lndzcated’that the Simmons-
Smlth rbagent would encounter 'greater steric hlnd;aoce to
. an approa@h from szde A than B (see Scheme 6.3). 1If
.oyclopropanat}on is hindered by tge exo—3—protoo~then
addition Qould proceed by mode B to affotd 72-8.
Counterlng this steric effect ‘is the well known ablllty of
oxygen functxonal groups to direct and facilitate the
methylene transfer. Consequeotly the OSlMeg group could )
override the steric effects to favour formation of 72-A.

To detérmine the position of the geminal ﬁet@yls‘g
the product tatio‘f;om LAH reduction of 62 was compared to
the ratio of the reduction products from 73, -

J1f the methyl groups of 73 are located on the
carbon labelled il (see¢ Scheme 6-.4) then the product ratio
--for LAH reductfon of 73 and 62 should be similar. Qith~tge_

methyl groups of 73 on the carbon labelled i the ratio -of

the two’epimerslshould differ for 73 and 62, because of the
. . ) \én S




S0 ' / 1.10-1.15 K - -
WA . T /
. QIV’/LA?J) ‘ T }’l
, HW 1.10-1.15 : '
1.55 : _ ' .

- ‘ FIGURE 6.2: ~]H Shielding (¢) and Coupling Dat'a,. {in hz') for 73 "
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73.

-~ ° -

stéricc@ffects of the methyl groups on the LAH réductLOn of
. ! “ d )

- 'Trpatment of 62 with LAH afforded, quantitativély;

two alcbholé'in,a 6.5:1 raiio. Th; 13émr assignments for

each epimer Qeég relatively straightforward. Of the fouf

methylene signals the two at highest field must be due to

the spirocyclopropyl methylene carbohg, and C—3;-déshielded

by the hydroxyl‘group,'should be at lowest fiéldi The two
lowest field metﬁine signals'were readily aséribed to C-4
(ca. 8¢ 76) and C-5. ;Of the remaining methine absorptiohs,
C-7 was expectéd to be at lowest field deshielded by the
.spi}ocyclopropyl ring and‘to be internally consistent with
the prqvious results, C-2 should be at higher field than
C-1. On this basis the assignments for the majof and minor
epimers were'obtained, as shown in Figgre 6.3.f

To assign thé éteréochemistry of .the hydroxyl.
gréup in tﬁq major aﬁd minor epimersﬂ the chemical shifts
This signal in 74b should be

for C-8 were compared.

further upfield than in 74a because of the Y shielding

effect of the hydroxyl group, conseguently the major epimer

was 74a. Preferential formation of 74a was expected since

the transition state was less subject to steric .
ingéractions than that #cr reduction affording 74b.

| The protén spectra ﬁrovidéd further suport. In
the JHmr spectrum of the minor epimer the spirocyclopropyl
brotons absorbed in the range 6 0.24-0.91. In Eontrast,

forAthe majéf epimer, two spirocyclkopropyl protons absorbed

100

s



: R 44.7 | ,

15.7

68.4

28.3

*

¢ 6.6 21.8

Minor Epimer (74b)

FIGURE 6.3: ' C Shielding Data (s,) for 74a and b
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.These.data, when compared to the 13Cmr results for 74a and

102

at & 0.65-0.93 with two at & 0.08-0.30. This is consistent

with the assigned structures, since in the major epimer the

.ﬁzoboésrdn 6arbdn i and ii are in distihctly different

‘egjiroﬁments‘and'are expected to have significantly

o

different shieldipgs. For 74b this difference should be

sma;ie{ as is reflected in the chemical shifts of—these

L]

protons. S

The LAH reduction“of 73 also affordegd,

 quantitatively, two products in a ratio of 18.6:1, and the

major product-(75) was isolated by gas-liquid

. \. ,.0. .' )
chromatography. Its 13¢ spectrum exhibited two quaternary
signals (B¢ 32.8, 18.2), five methine peaks (86, 70.6, 43.1,
21.6, 15.6, 12.11), three methgé?ne signals (8¢ 3}.3, 30.5,
24.1) and two methyl signals (8¢ 26.0, 23.8). The 13¢

assignments for the major epimer are based upon the

arguments employed for 74a and are given in Fig. 6.4.

714b, ;ndicéted that the 4-~-hydroxyl group is syn to the
spiroqycloproﬁyi ring.

'5n=éxamination of the proton spectra of 74a, -74b
and 75 prév;ded‘further support. These data, summarized iny
Table 6.2 clearly show a@étriking similarity for 74a and
75, as eibeht;d if poth compounds have the same
stereocheﬁibtry at C-4.

A tomparlson o; the product ratio from LAH

reduction of 62 (6 5:1) and 73 (18. 6: l):.indicated that the

gemihal methyls are located on carbon i.
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A series of shift reagent studies with 74a and 75
completed the 3cmr spectral analyses. For carbons i and-
i{, larger changes in chemical shift upon addition of

i .
Pr( fod)3 were.expected for carbon-i since it is closer to

the -hydroxyl group, to which the shift reagent will
complex. This difference in seﬁsitivity to Pr(fod)y would
algs o confirm the assignments for C-3 and C-8, since C-3 is
Closer to the hydroxyl group.

From-the shift reagent studies of 74a it was
apparent (Figure 6.5)  that iﬁe spirocyclogropyl methylene
Peak at 8¢ 4.97 exhibited a greater sensitivity to added
P{(fod)g than the signal at 8¢ 7.50. Hence these two
Signals were ascribed to carbons i and ii:-respectively.
Whi le the difference in 13cmr chemical shift for C-3 and
-8 (&8¢ 30.40, 30.38) was too small for the signals to be
.dijgtinguished, it was apparent froﬁ Figufe 6.5 that the two
signals exhibited different sensitivities to Pr(fod)3.

Re%eating the procedure with 75 confirmed the
loaationApf the geminal ﬁethyls; . The quaternary signal at
6 18.2 exhibited a greater sensitivity to Pf(fbd)é than the
signhal for the spifocyclopropyi methylen;, as'shown in
Figure 6.6. The change in chemical shift with the addition
‘of Pr(fod)j Also confirmed the assignmentslfor C-3 and
C\Q. Since as shown in Figure 6f6, the signal at & 30.5

xnibited a greater sensitivity to Pr(fod)3 than the signal

fof C'8 (6c 31.3,) .

A\l
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With the position d? the: two methyl groups
'estébllshed, cyclopropanatxon of 70 must occur by pathway BN
'.B. Therefo:e, steric effects govern the methylene transfer.
Prom the 13c ass%gnments ﬁor 72 it was éoésible to
" determine thé signals for 68'in éhe spectrum of‘the product
from cycloprqpanation of 67.ﬁExp§.'2). On this basis th%

13¢ spectfum for 68 consisted of twelve signals: C, 70.8;

12138, 133.3; CHe 21.7, 24.8, 26.8, 30.4, 36.4; CHp, 32.7;

4 .CH3, 21.8, 22.0 and a tri&ethylsilyl absorption at 8¢ 1.2.
These data werecconsistent with the'assignéd~§tructure for

',68.' The signals at ag 32.7, 70.8, 121.0 and 133.3 can be
readily ascribed to C—3,'C~2 and the téd}olefihic Qgrbons,.i

réspéctivélyl ?he lbwest‘fielarméthiﬁe éeak at' 8¢ 36.4 was : i

assigned to c-1, éeshieldgd by tge OSiMe3 and isopropylﬂ |

idene substituents. -Alcéﬁpar;sonicf the 13¢ ghieidings for .
. 48a and 59 permitted coqplét;bﬁ of the assignments, as

shown in F;gufe:§;7.‘ With allowance for the gffects of the’

isopropylidene suﬁstigien; éhg 13Cmffaata fit well with the-

results for the othef homoquad}icyciehe'deriﬁatives.

To optimize the yield of 68, the cyclopropanatlon reactlon )
‘w;s repeated varying thetconcentratlons of reactants, -
“reaction time and temperatu;e Thege results are . -

summarxzed in Table 6. 1. From these data the formatlon of

68 can be opt1m1zed by lowerlng the reacﬁx&n temperature o

and employlng a lcl.; mo;ar ratlg ofuﬁthﬁzlz. Thenmajor-"

side product for the room ﬁempgfature cycloprapanatioh

R B N [}
) R . . ' ]
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reactions w&s;7l, by hydrolysis of 67, possibly catalyzed

by trace amounta of acid present in solution.

Treatment of the product mixture from

‘c%clapropaﬂatlon of 67 (Expt. 1) with base afforded 73 and

the homoketonized product from 68. The lattgg.com§ouhd

(69) isolated by preparative glc, had.carbonyl absorption

(ir 1748 cm“l, 6c 222. l) 1nd1cat1ve of a five- -membered ring

ketone. The 13Cm? spectrum contained, .in addition to the
I

~carb9nylfabsorptzon, two quaternary (Bc 129.8,- 126.5), four

~,xv[meth1ne (8¢ 50.3, 30.0, 26.13, 20.6), two'methylene (8¢

43.1, 35.4) and two methyl signals (8¢ 21.6 x 2). These

datd& and the moleéulaf formula; shown by precise mass

measurement to be C]1Hj40, are consistent with structure 69.

' To aid the }3cmr spectral analysis, lH/2H exchange

- was examined. It was anticipated that 69 would exhibit

4

exchange at C-3 and C-5, as illustrated in Scheme 6.5.
Ketone 69 was stirred at reflux in the presence.of
MeO~/MeOD for 1.5 h. In the 13cmr spectrum of the
recoveréd material ﬁ80% yield,.l.SB 2H/molecule), only the
methylene gbsorption at 8¢ 35.4 was strongly attenuated,,

-

which served to distinguish the signal .for C-3. The

_absence of deuterium ingorporation at C-5.was attributed to

- a slower rate of exchange.at this site, presumabiy as a

result of the increase in ring'st}ain associated with the
re-hybridization of C-5 from sp3 to sp2. 1In a second

2

trigl, a l:1-mixture of 69 and 73 was stirred in MeO~ /MeOD

Y
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at reflux for 9 h. Gas-ldiquid chrem&tography of the
recovered material indicated that 69 had decomposed.

| With the signal at 6¢c 35.4 ascribed to C-3 the
remaining dbeorptlons were readily assignable. The lowest
. field methine signal (8¢ 50.3) was attributed to C-5, .
deshieldeg by tﬂe carbonyl ‘and not part of a cyclopropyl
ring. Of the three remaining methine absorptions, the
siénal at 69 30.0 was'assigned to C-8 , desbielded by the
isopropylidene substituent. The highest field methine peak.
was ascribed to C-2, since it has fewer 8 sutstituents than
C-1. The remaining aesignments are straightforward and are
shown in Pigure 6.8. . - i - i -

Confirmation of these assignments for 69 was

‘achieved by determination of the i3é~l3c spin coupling
constants with a 1-D INADEQUATE experlment Thege data are
summarlzed in Fxg 6. 8 and are in accord with. the assxgneg
structure. Although gemlnal interactions (Jgec) are
usually small, of the order of 1.5 Hz or less, such,-
interactions across an olefinic or carbonyl carbon qah be
relatively~large The enhancement of Jeee Values for
'oleflnxc d;rivatives has been demonstrated with labelled
-compounds sgch as [l~¥3CH3]<l.3,3,5,S—pentqmethylcyCLO*
pentene for yhlch Jit,5 = 3.17 Hz (59). Therefore J6,8 =
';_7.3 Hz for 69 is in accord with expectatione and J3 5 =

14.8 Hz agrees well wi%? ex§ected Jecee Values for cerbonyl

derivatxves, as noted prevzously

Additional support for the structural assignment
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for 69 was obtained f;om its lerispectrum. The éroton
‘ .: spectrum (CgDg) consiéted’9frthrea multiplets at 52.48
{2H), 2.20 (lH)p’l.75 (2H), an eiéht—line pattern at 6 2.14
(1H, J = 18.7, 6.6, lQHz),ado;JbletatalSB (1H, J =
s ;LS 7 Hz), a one- proton absorptlon at 86 1.23 (ddddd, J -~
- ) 7.0, 7.0, 6.6, 2, I Hz), and methyl doublets at 8 1.59 (J =
2.5 Hz), and lLéé (5 = l.; H;). To increase the dispersion
of the proton'resonances the,lnmr spectrum Qés~obtained in
the presence of shift reagent. >
fhe proton specﬁra; data for 69, obtained with
Eu(foé)3 are summérized in Table 6.5. Hﬁmonuclear
decoupling showed that the signai at 8 3.45 (spectrum D).
'coupled to the absorptions at & 4.86, 3.81.an§ tﬁe two
methyl signéls."Consequently the multiplet at 8 3.45 is
due to exo—H-6 coupled to endo-H-6 (&6 3.81, J = 15 ﬁz), H-5
(8 4.86, m) arid to the methyl protons. Double irradiation

N - of the methyl signal at 6 1.91 reduced the splitting for '

7

exo- Hﬁﬁ to. a broadened four- llne pattern (J - 15, 7 Hz).

The larger coupling (15 Hz) is the geminal interaction w1£h
endo-H-6 and J = 7 Hz must be the coupling with H~-5. The
endo-6-proton was not coupled to H-5 or the methyl protons
since the reiative orientations minimized such

interactioné. ‘The two signals~ét 6 4.75 (éddd J = 18.7, \'
.6.6, 1. 9 Hz) and 4.26 (bd J = 18.7 Hz) were readily - -
attr}buted to the 3- protons Double irradiation of the H-S

absorption reduced the pattern at §$4.75 to a four-line

multiplet by eliminating a splitting of 1.9 Hz, which was
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ascribed to a long range w coupling between H-5 and
exo-H-3. The remaining 6.6 Hz splitting for exo-H-3 was
attributed to céupllng with H-2, which absorbed at 8 2.03

(br dd@d J - 7.0, 7.0, 6.6 Hz). The 7.0 Hz couplings of H-2
{ .
were ascribed to interactions with H-1 and H-8. Two

. \\ :
additional couplings of H-2 (J.- 2, 1 Hz), which were

partially resolved 1n spectrum A% were attributed to

- ~

e =
coupling with endo-H-3 and a long range "Eﬁﬁcqap;}ng to

H-5. A one-proton broadened doublet at 8 4.26 (J = 18.7

-
-

Hz) was ascribed to endo-H-3, the small vicinal interaction
with H~2 (J - 2 Hz) was attributed to the approximately S0°

dihedral angle relationship between these protons. For the

M%

remaining two cyclopropyl proton signals (8 2.59, 2.36) the

absorption for H-8 was readily attributed to the doublet of
doublets at & 2.36 (J = 7.0, 7;0 Hz). Consequently, the
éignal at 2;59 (dad, J = 7.0, 7.0, 4.6 Hz) was ascribed to
H-1 coupled to H-8 (J = 7.0 Hz), H-6 (J = 7.0 Hz) and H-5
(J = 4.6 Hz).

All spin-coupling interactions werq‘conflrmed by
decoupling experlmentshgnd the results argfgummarlzed'ln
Figure 6.9. With tﬁe complete a551gnmen€ of the proton
spectrum of 69, the 2Hmr spectrum of 69~dv was examined to
check fér small amounts of deuterium at t;e S-position.
This spectrum indicated that deuterium 1nc6rporatlon had

- occurred only at the exo and endo-3-positions 1in

approximately equal propoertions.
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Initially, confirmation'of structyre 69 was
attempted by conversion to tricyclc[3.3.0f02v8}—
‘octan-3-one, a known compound (52). It was anticiQa%ed
that reduction of the’'carbonyl group, followed by oxidative
;leévage of the double bond would furnish'the desired
compound . However, Wolff-Kishner reduction of 69 resulted -
“in extensive decompésition, and this approach was abandoned.

To illustrate the feasibility of performing the
reaction on a preparative scale,'thq!cyclopropah@tion
reaction was repeated with 710 mg of 67. The resulting
product was t:eated with base and, aftef work-up, flash @
chromatography afforded 69 in 67% ovérall yield.

With the structure of 69 established,
homoketonization of cyclopropoxide 76 .was re-examiped.
A;though there are two modes for ring-opening of the ,
B-enolate, iabelled a and b in‘Scheme 6.6, the ring
cleavageé is apparentiy regiospecific, yfelding only 69.

While Both modes formally afford secondary
carbanions, resonancé stabilization of the carbanion can
occu; in' 76a, but the extent to which the negatiVe.chafée
'is delocalized cannot be readily determined. 1In priﬁciple,
protonation can occur at C~6'ana C-9. Tge absence of 77
suggests éhat either protonation at C-6 occurs early in the
homoketonization process or that 69 is much more stable‘.
than 77, i.e. thermodynamic control. With this

uncertainty it'is difficult to assess the degree of allylic

stabilization of the transition state. Nevertheless, the

-

~

"12@-
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products from homoenolizgtion of 47 and homoketonization of

44a and 59 indicate that 70 may be more stable an 69 and,

76a.
In contrast to the behaviour of %8 in a bésic
medium, homoketonization of the B-enolate of 72-affofded
only 73. Thus, Qﬁile cleavage of the cycloproﬁbxidé can
occur by two modes,s (a and b in 78, Sc?eme éh7), the ring
opén;ng pfoceeds enkirely by pathway b. Since cleavages a
and b both lead to secondary carbanions, having similar

orientations relative to an;a~cyclopropyl ring, the

exclusive formation of 73 was attributed to thermodynamic

-

contro} of homoketonization. ,

The stereochemistry of protonation_(deuteration}
:at the carbanionic site gene;aﬁed from homoketonization
reéuired additional evidence for its clarifieation. For
this pﬁrpose, the hémoketonization was examined in a -

deuterated medium.

Treatment of 72 with ~OD/t-BuOD afforded 73-dy, -

which from the mass spectral data cgntain-'w

2HfmoiELgle. ip the lHmr spectrum the abs?fééions at

6 2.25 (exo-H~8), 2.57 and 2.56 (3-protons) were -
significantly attenuated, as were the signals for C-8 and
C-3 in the 13cmr séectrum.' Clearly ring opening of 78

proceeded with inversion of‘conﬁiguration at thé

carbanionic site. To check for small amounts of‘endo—ZH—é,

oy

)
&2
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the 2Hmr spectrum of 73-dy was recorded. This spectrum
contained signals at 2.55, 2.25 and 1.88 with relative
intensities of 13.1:3.9:0.4, corresponding to 1.14, 3.4 x

10-1 and 3.5 x 10-2 atoms 2H at the 3-, exo-8 and endo-8

positions, reépectively. Thus, ring opeming of 78 proceeds'

with high stereoseléctivity (93% + 3%).favouring inversion
Y .
of configuration, which is in agreement with the previous

i

findings.

The treatment of 68 with deuterated base afforded .

62-d,,, which eontained 2.37 atoms 2H/moleculq aqideéerminéd
by mass spectrometric' analysis. 1In the 13cmr spectrum~of.

69-dy the absorptions'atuﬁc 43.]1. and 35.4 were

sfgnifiqantly attenuated. Ketone 69—dx-was then stitf'd at

room temperature'in the'presence of "OH/MeOH and, in the
i3Cmr spectrum of the recovered material, the signal at
5;; B .1 was strongly attenuated énd accompanied by the
expected triplet; Jep ; 29.3 Hz. Mass spectrometric '
analysis of‘thi%/saméle showed it to contain 0.95 atoms
2H/molecule and the 2H spectrum (CgHg) exhibited a signal

at 8 2.48, showing that deuteration had occurred at the

exo-6-position. Thus, homoketonization was steteospecifiC‘

(within experimental liﬁits) with inversion of

configuration.
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CHAPTER 7., .

SYNTHESIS AND ﬂCﬁORETONIZATION or : oo
2—TRIMETHYLSILXLDXYLERICYCLD{3 3.1 0 0 BINONANES Lo

. ‘N . . . R . i . .}
(A) INTRODUCTION : 'z'*-
. The observatlon that cycloprqpanatlon of some

— A
2 tr1methylsllyloxylblcyclo[z 2.1llheptan-2, 5 dlenes read11y’~,n "
&

yielded the corresponding 2- trlmethy151lyloxylhomo— ST,
® - i ” .' AN

quadrlcyclene derlvatlves gaVe reason to 1nvest1gate thxs )

reaction glth pther_substrates. In partlcular, the -~ ,

beﬁaviour of G;trimgth?is%lyloxyl—exo—tricyclo[B.2.1.02'4]—

oct-6-ene (7%a) and ité endo isomer (80a) under the ' \

Simmons—Smith coﬁditions was qf interest since in’some

respecés Fhe cyclopropane ring behavesflike a double bond
. j i

(Eb). 1t was anticipated that cyclopropanation of 7%a

would initially afford 79b, with the newly formed




oo

Y

cyclopropyl rlng in the exo erentablon from the results

of. cyclopropanatlon of 26@ Dependent upon the stability

L

of 78%b to the Slmmons—gmgth cbﬁdltions this adduct could

cbnceivably undergd a Lewis-acid (M*) catalyzed

A, SOTMS

8 . . N -~

rearrahg§ment to 81, sin ahmaﬁner analogous to that proposed

‘1”f6r the'convefsion of 40 » 44a. in tontrast it waé '}_>' -
VAantxc1pated that the product from cyblopropanatlon of 80a .
-(80%) would be stable uhder the condltlons of the reactlon,‘é

;inée an 1nspection of molgcular models 1ndlcated that 80b - i

would not readlly rearrange .3{'- oY L 1
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(B) RESULTS AND DISCUSSION.

o
»

The silyl enol e;ﬁers 7%a and 80a were prepared
from exo-tricyclo[3.2.1.02r%]octan-6-one (79) and its endo

. isomer 80, which were synthesized according to literature

methods (30) as outlined” in Schemes 7.1 and 7.2,
,reséectively. . | o |
As anticipated treatment of 80a withnthe. -
"~Slmmons Smlth reagent for 16 h yielded 80b Its proton
. spectrum contalned flve one- proton multiplets at & 0 36,

0 88 2.11, 2. 18 and 2. 33, three two- proton multiplets at 5

R R

.o .71, 1.25 and 1.29, and a nlne—proton singiet at 80.18
d P [~ ! . B

P e tgiMeg). The 13Cmr spectrﬁm of 80b consisted of ten
signals: C; 58.7; CH, 19.4, 19.7, 22.4, 35.8, 42.7; CHy,
9.8, 18.5, 45.3 and SiMe3, 1.0. The J3cmr data were

readily assigned as shown in Pig. 7.1, agreeing reasonably

[
b e
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)

.with'th; repor£ed 13¢ chemical shifts for exo-endo -
Letracyclb[3.3.1102'4.06>8]nonang (30) taking into account
phé effects of the OSiMey group. éence cyclopropaﬁation
‘occurred at the exo face of 80a.,6 A p:ecise.mass |
méasurement of 80b showed the molecular formula to be
C32H200S1 which . in conjunction’ with the nmr data -is
¢onsistent with the tetracyclic structure of 80b.

) Following the samelprocedure,'79a was treated with
the Simmons-Smith reagent for 15 h and, after work-up, glc
analysis of the product mixture showed one méjor component
(Ea. 65%). This was collected by preparative glc and its
léémr spectrum ;ndicated the presence of two compounds in a

‘ratio of approximately 4:1. Thé'l3Cmr data for the major
comﬁoneﬁt consisted of ten signals: . C, 67.0; CH, 15.5,
17.5, 25.6, 36.2, 41.8; CHp, 6.3, 15.5, 18.1 and SiMe3 1.0,
and the minor component also gavé rise to ten signals; CH,
15.3, 26.3, 34.6, 42.6, 71.2, °128.3, 137.9; CHé, 10.3, 23.5
and SiMe3, 0.4. The three high-field methylene signals (b¢
6.3, 15.5, 18.1) for the major compogént-readily dismissed
the possibility that these were due to the rearrangement
product 81 but rather, could be readily attributed to C-3
(8¢ 15.5), €-7 (6.3) and C-9 (18.1) of 79b. The re&aining.
absorptions were aésignablé to 79b as shown in Figure 7.2

" and agree well with the reported ;3Cmr shielding for-

%§ exo~exo—tetraéyclo{3.3.1.02'4106'?]non5ne (30), taking into

_account the expected substituent effects of the 0SilMej

group.
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The 13Cmr shieldings for the minO{\S{?BEQent were
tentatively attributed to 8-trimethylsilyloxyltricyclo-

[3.3.1.0]ﬁon—6~ene (82)5 the formation of which could be

O7TMS

rationalized as the result of Lewis acid cleavage of the
C-2,4 bond in 79b°followed by a hydride shift. This
process 1s analogous to that propoégd by Murai {(47) and is

examined further in Chapter 8.

- JTMS
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A To impréve the x%eld of 79%b, éilyl enol ether 7%a
Qas trgatqd with the éimmé;s~8mith reagent fof 8 h to
afford a product mixture contéining ca. 80% 7%. A sgmple
of 79b, collected by prepgfative glc, was shown to be pure

- by 1y and.l3¢ nmr (i.e. no olefinic signals). The proton
spectrum contained the following multipiets: 2.32 élH, ad,
J = 3.5, 1.3 Hz), 2.18 (1H, bq), 1.76 (1H, br ddd, J - 7.4,
7.4, 3.5 Hz) and complex absorptions centred at 8 1.06 H
{3H), 0.72 (3H) and 0.34 (2H) and the SiMe3 signal at

.0.18.' A precise mass measurement showed the molecular

"forﬁula to be C]2H200Si and its infrared spectrum contained
absorptions at 3010 (cyclopropyl CH), 2950, 1243 (sxcnj)«‘
and 834 cm 1 (SiCH3). These data are consistent with the

‘tetracyclic structure 79%b.

To examine further the conversign of 7% -» 82.thé
silyl enol ether 79a was treated with the Simmon;—Smith
reagent for 21 h. Glé analysis of the product sgowed a
complex mixture which was not investigateé.

"Upon ether cleavage of 79b and 80b thh‘base the
resulting é?clopropoxides (7%c and 80c, respectively) can
ketonize in two ways: to produce the a-methyl derivative
of the initial ketone or to. undergo ring expansion to the
homologous ketone. It was anticipated that the cleavage of
these th cyclopropyl silyl ethers.wouid éévor ring
expansion on the basis of the earlier results. In the

event, treatment of both 79b and 80b with ~OH/MeOH at 0°C

furnished single ketones having no methyl absorption in
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their 'H and l3Cm'r spectra. These results are goﬁsistent,
with the observation that ring expansion is the favoured
mode of ring cleavage for 26b and 27b. Presumably the fact
that exo-tricyclof{3.3.1. O2 4]nonan =p-one (7%e) and its endo

counterpart (80e) are less strained than the g-methyl

derivatives of 79 and 80 governs the course of

homoketonization since it has been demonstrated that the
process 1s subject to thermodynamic control.

The opening oé tﬁe cycloprépoxide’anion 79%¢c,
generated by base-catalysed cleavage of‘TMS ether 79b, can
proceed in either of two ways, 1.e. with retention or
inversion of configuration. These are shown as a and b in

Scheme 7.3, respectively. While, in general, ketonizations

of cyclopropoxides in polycyclic systems have been found to

under go kﬁVGrSlOn of congiguratlon there are.some strained

'#T whlch exhﬁb retention. Thus it was of interest

to establxsh the poxnt in the present cases. To

dLstlngulsh.between paths a and b, 79b was cleaved in

“OD/t-BuOD and the product treated wiﬁh “"OH/MeOH to

back-exchange the a-deuter ium picked up by exchange after
the cleavage. The l3Cmr spectrum of a l:1 mixture of 79e

and 79%9e-d; obtained in this manner was recorded to

rmmn—

. determine the stereochemistry of the deuterium atom at C-8

s

in the latter material. From this spectrum exo-deuterium
incorporation.was revealed; the observed isotope effects on

the 13C shieldings in ppm and the resolved couplings are

shown in Figure 7.3. A key featuré is the fact that
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vicinal +3c-2H coupling Was readily apparent for .the

° :
cyqlopropyl methine carbon (C-2) with J = 1.5 Hz, while
the C-9 gignal was only slightly broadened; this is -
consistent with deuterium angiperiplanar to C~2 and,
' therefore, in the exo-orientation. 'To confirm this
assignment, a sample of [7,7-2H]-79 was converted to
[8—2Hl]—79b which was subsequently opened with “OH/MeOH to®
form 79e-dy”. The 13Cmr spectrum of a 1l:1 mixture of this
material ‘and 79e revealed the 2H effects for 79e-d;*
(Figure 7.3). In this case, C-9 exhibited vicinal coupling
of 1.4 Hz while the C-2 signal was only broadenéd by tﬁe
deuteridm, indicating that C-9 and the deuterium aéom are
antiperiplanar. These results establish that the cleavage
of 7%c proceeds with inve}sioﬁ. Treatment of 80b with
~OD/t-BuOD followed by back-exchange with —OH/MeOH gave
80@—di for. which tﬁe 2H effects in its 13Cmr spectrum are
shown 1n Figure 7.4. These const itute good evidence for
the presence of exo~deu£erium at C-8 and, hence, for
inversion of configuration upon homoketonlzaﬁxon of the
cyclopropoxide generated frbm 80b. For exo-7%e~d} and
exo-80e-d)} it may be noted that the 2H~induced shifts as
well aswthe 24-13¢ vicinal coupling with C-2 differ,
presumabf?“?eflecting conformational differences in the two
ring systems. In 88, the éhdo disposition of C—3'w1£1
preélude a chair conformation for the six-membered ring

which is probably the favoured arrangement for 7%9s and in

which' the dihedral angle relating an exo-8-deuterium and

o
@

&
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3
A

(0.094)

19.8 (0.334)

J = 1.3 (0.0027)

2,13
Shifts (in ppm) for SQg—jT

FIGURE 7.4: C Coupling Constants (in Hz) and Isotope
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C-2 is - 180°. 1In contrast, for a boat*like'conformation
of the six-membered r;ng, as is likely for exo-80¢-d), this"
dihedral angle will be reduced to - 120°. Although 790
failed to rearrange to 81 under the Simmons-Smitﬁ
conditions,.the cyclopropanation of the silyl enol ethers
7%9a and 80a& followed by treatment with thhénolic NaOH
solution>provided an efficient means of homologation bf.the
[3.2.1.0] system. The ring-éxpanded kKetones were of

interest since the behaviour of the e-dimethyld&ted analogs

Q - .
under strongly basic conditions was to be examined.

¢
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CHAPTER 8

! REARRARGEMENT OF POLYCYCLIC CYCLOPROPYL SILYL ETHERS
UNDER SIMRMONS-SMITH CONDITIOXS

~

(A) INTRODDCTION ( ' T

1

y As noted in Chapter 7, cyclopropanation of 7%a
appeared to afford small amounts of S—trlmethylsilyloxyl-‘
tricyclo(3.3.1.02:4)non-6~ene (82), a result bearing

resemblance to recently reported findings in simpler

- Simmon;-Smiph product, cyclgpnépanation of certain other ~
polycyclic silyl enol ethers under conditzaﬁngavouring ’ o
sKeletal rearrangement was examined.

“Recently Murai et al (47)'estabiished that tﬁe
cénéentxa&ion of the Simmons-Smith reagent 187 an important
factor governing prbduct coﬁposifion. Under their “diluie“

conditions ([CHzI2} = 0.73 M) cyclopropahation of 83

afforded the expected product 84, while under their

s/

T - OTMS 0TS

e ~ P . —— '

g3 . ¢ - g - e

systems (47). To clarify.the-nature of this unusual .



“concentrated® conditions ([CHplp] = 2 M) a mixtuge of 84
(25%) and.és (75%) resulted. The authors suggested that
the lattgr broduet was formed by Lewis acid (1.e. Znl))
catalyzed isomerization of 84, as shown in Scheme 8.1.
(B) RESULTS AD DISCUSSION

' Cyclopropanation of 7%a under “Foncentratedﬁ
conditions gave a complex mixture, and preparative glcl
afforded an analytic%l sample of the major component 86
- (ca. 35% of the total product).. Its 13cmr spectrum
c?nsiéted of an intense methyl signal (8c‘0.4), throe
methylene (8¢ 6.2, 7.5, 17.89 and seven methine signals‘
(6c 13.9, 15.2, 20.9. 21.5, 32.8, 42.7, 70.7). The .
molecular fo;mula, C13H22081i, determined by precise Mass
measurgmpﬁt,_confi%med the addition of two methylene groups
t6‘79a. These data indicated that 86 arose from c?clo—'
pfopanation of 82. The formation of 86 can bé accounted
for by attack at.the C-2,4 bond of the Lnitfally formed
adduct.79b‘(Scﬁeme 8.2) by a Lewis acid, folloﬁéd by a 1,2
ﬁydride shift to form the allylic s%lyl etger 82, which
could undergo a.second byclbprbpanqtion to afford 86.- This
scheme is analogous to that propbsed.by Murai with a
difge;ent mode of ring.cleavage.

To gathér further evidence for the proposed scheme

the cyclopropanation reaction (concentrated conditions) was

repeated employing a 1.0:1.1 ratio of /79a:methylene iodide,f

in an attempt to broduce 82: A 13¢ spectrum ofs the

_reaction mixture indicated the major product to be 86.

-
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This was attribu;ed to Iin situ decomposition of 7%a
resulft ing in an ‘excess of Simméns—Smith reagent 1n
solution, thereby yielding 86.

[f the proposed scheme 1s correct the effect of
the cyélopropyl.rlng éf 7%b on thg overall reaction would o
.be negligible. Therefofe,.fhe s1lyl enol ether of
nor camphor, upbn freatment under the same conditions., could
afford the ring expanqed allylic silyl ether 87 or the

cyclopropanation product 88.

h

£

Glc analysis of the&;rbduct from cyclopropanatloé of 26a
{concentrated con&itxons) indicated a complex mixture; " The
spéctral data of one of the components lsolated by
preparative glc (ca. 15% of the éotal product)'was
consistent with structure 87. The 13cmr spectrum contained
twq'sets of signals (rel. int. 2:3) which could be

attributed to the two epimers of 87. The assignments for

the two epiﬁers followed from the 13c data for the
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bicyclo[3.2.1}oct-3-en-2~-0ls (6l), as shown in Fig. 8.1.The

)

molecular formula, CliHZOOSi, by precise mass measurement,

was .also cénsistept with structure 87.
To improve the yield of the allylic silyl ether,
the cyclopropanation of t-butyldimethylsilyl e;ol éthers
was examined since these derivatives are more registani to
hydrolysis than their trimethylsilyl analogs. To show that
t—butyldlmethylsilyl encl ethers can be cyéiopropanated,
2-t - butyldimethylsilyloxybicyclo(2.2.l]lhept-2-ene (8%a) was
treated with Simmons-Smith reagent under dilute
conditions. Gas-liquid chromatograbhy showed the product
to be essentially pure'with no starting material present.
The 13cmr spectrum consisted of four methylene (8¢ 31.2,
29.0, 24.25 10.0), three methine (8¢ 42.6, 36.7, 22.4), two
quaternary (éc 61.2, 18.1) and the methyl signals of the
t—Bu(Me)zSi group (8¢ 26.0, -3.5, -3i7). .The molecular
formula, Ci4H20Si, found by precise mass measdrgment,
conflrmeé the addition of one methylene group. These daéa
Lndléated»tbat cyclopropagatlon of 8%a afforded the
expecied cyclopropyl derivative 8%b. The 13cmr assignments
for 89b were relatively straightforward and are given in
¥ig. 8.2. The close similarity of the chemica% shrfts for
8% and 26b is strong evidence for the assigned structure
89b. ’
Cyclopropanation of 8%a was then repeated under
concentrated conditions. In contrast to the results for

the trimethylsilyl enol ethers, two compounds (8%, 89%c)
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37.6

21.9 T~

p
. 35.6 126.0
(31.2) 1363 334 , 13¢.9
;xc-87 ) ;nic-§7
Major Epimer . Minor Epimer

FIGURE 8.1: 'C Shielding Data () for = - and i -bicyclo[3.2.1]-

oct-2-ene-4-01 (61) and fzc- and o5 -877

a§im11ar values in parentheses may be interchanced.
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formed 88% of the total product. The L3cmr spectrum of the
i

major product (80% glc yield) had twelve signals: -C-,

18.4; CH, 136-2, 126.2, 73.1, 41.6, 35.9; CHp, 31.6, 31.2,

24.9; and CH3, 26.2, -4.2, -4.4, which were attributed to =

89c, theé t-butyldimethylsilyl analog of 87. The -

assignments for the 13C signals were made.by compar ison

with those for the bicyclo[3.2.1}oct-3~en-2-0ls and both

epimers of 87, these daﬁa are listed in Fig . 8.3. ‘ _ \

f The MHmr spectrum provided fufther,éupport: The |
three lowest field 51gnalsnat,0 5.9§:(br%3dened~ddd, J - R
5.6, 6.6, 1.3 Hz), 5.35 (ddd, J: = 9.6, 4.0, 1.8 Hz) and’

3.71 (broadened dd, J = 4.0, 4.0 Hz) were readily ascribed
to H-4, H-3, and endo-H-2, respectively. Irradiation of
the one-proton multlplet -at 5 24 46 removed ‘the 6. 6 Hz
sollttlng in the pattern for. the H-4 51gnal whlch served

#

to 1dent1fy H-5. Homonuclear decoupling of the multlplet

at b 2 25 simplified the splittings for H-3 and H-2 by

eliminating a 1.8 and 4.0 Hz coupllng, respectlvely.
Conseguently the signal at & 2.25 was attflbuted to H-1.
The two stroﬁg singlets a€“5<:.87 and -0.02 were ‘readily
ascribed to the methyl protons Sf the t-butyl group and the
si1lyl methyl. protons, resbectlvely. The three remaining
two proton multiplets at & 1.77, 1.52 and 1.16 could not be
readily assigned. . | . .
fhe 1 Hmr spectrum also contained three additlonal
smaliﬂabsorptlons at 6 5.86, 5.1% and 4.50 which Jere

.

tentatively assigned to H-4, H-3 and H-2 of endo-89c.

[
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1.4
L 26.2
126.2 .
}
. " FIGURE 8.3: '°C Shielding Data (¢ ) for 89c -
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Integration of the H-3 signals indicated a y;tlo of ~
endo-89%c to exo-89%c of ca. 1:11. :

The observed ratio of~ﬁhe t&o epimérs of 8%c can
be rationalized in terms of the proposed react}on .
sequence. initialjcléavage of - the cycloéropyl ring of 89%b
by a Lewis acid (%*) can occur elther'with r;tentlon or
anershdh of configuration at C~4 to afford 90 or 91, as
sngn in Scheme 8.3.~ Thé‘subseéuent 1,2 hydride shift

' )

presumably occurs;aﬁti to the Lewls acid, ssince this allows

efficient ‘transfer of electron density. N

\/

\_/\ 0S;i

e

R Bu{Me)za4 grdup 1n the exa oriantatlon this indicates

that ;he thtlal cleavage of 89b ocsurs with inversion.

Thxs mode of rzng cleavage may be favaured because the

I.’

sterlc'rgpulszcns developlng durzng bond breakage with:-

. , © e

inVPTSIGn ﬁre less than thosa for eleavage w1th retent i1on.
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To support this proposed sequence, cyclo-

prépanaﬁxon of 8%a (concentrated conditions) was repeated
with CDyI[y (1.77 atoms 2H/mélecule). If tﬂe réarranéeéent
proceeds 1n the manner described. the product should
contain deuterium at C-2 and C-3. Thus treatment of Ség
with CDy1; for 33lh afforded 89b~dxl(l.88 2H/molecule) and
89c-dy (1.64 2H/moleculeY 1n a 1.0:1.3 ratio. 1In the l3cmr
spectrum of’BQCmdx the signals at 8¢ 126.2 and 73.1 were ¥
strongly atﬁenuated, which 1s 1n accord with the pro;osed
mechanism. The ratio of 89b:8%9c changes from ca. 1:10 to

3:4 with CH212 and CDzlé. This can be attributed 65 a
deuterlhm K1inet1c 1sotope effect i1ndicating that the
hydrzde shift occurs during the rate determining step.

;hérefore, 1t seems reasonable to conclude that
cyclopropanation of 8%a (under concentrated conditions),
yxelds.89b which undergoes a Lew1s acid-catalyzed skeletal
rearrangement to 8%c, with the release of ring strain as
the driving force for this reaction. |

HaV1pg é;tabllshed that 8%a can be converted to
the allviic éxlyl:éiher 8%9c. it was of Interest to examine
the scope of this reaction. To this end the t-butvl-
dimethylsilyl ‘enol ethérs pf tricycro[5:2.1.02-5]—
decan-8-one (92), bicyclo(3.2.1)octan~-6-one (93) and
nopinone (9%4) were syﬁthe51zed. The 13c asslgpments
followed from comparisons with the results for the

trimethylsilyl analogs and these data are llsteq in Table

\

8.1. . {
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Treatment 6f 92‘w1th'th¢ Simmons-Smith reagent
(conéentrated conditiions) Afforded in high yield the
allylic silyl ether 92c. Although the stereochemistry'at
C-8 was not determined, it was evident from thé 13cmr
spectrum (Table 8.1) that the reaction afgzrded a single
epimer (wlthin.experxmengal limits). Under the same
conditions 93 afforded only the cyclopropanaéed product §3b
in 75% yield. Cyclopropanation of 84 (concentrated
conditions) ylelded a two component mixture in_-80% yield
which appeared to be the normakkcyclopropanatea pro@uct, -,

94b and an allylic si1lyl ether 94c. Thg former gave tise
to a 13C spectrum containing nghly°sh1eldid methylene and
methine carbons together with a quaternary signal fypical
of cyclopropyl carbinyl carbon. These data are entirely
consistent with expectations for the sxmple.cyclopropanatéd y
product. The second componeﬁt ébntéxned an exo-cyclic
ﬁethylene group, 8¢ 146.7 and 115.0, accompanied by signéls
for three methine, two methylene, two methyl and a o
gquaternary carbon as we;l as the absorptions for the
1{-butyldim jylsi}yl groﬁplng. The data élearly deflned
structure 94c, strictly analogous to the products

previously reported by Murai et al. (47). Hence, under%

these conditions the in situ skeletal rearrangements of
cycloprppyi s1lyl ethers appears to be of limited.synthetic
value. -

4

The rearrangement to the allylic silyl ether 1is

consistent with the results for’cyclopropanatlbn of-
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2~trimethylsilyloxylnorbornédigne derivatives, since it was
suggested that cyclopropanation of %9 initially affords 39
which undergoes a Lewis acid catalyzed isomerization to
' 44&. _The results for 89a suggest that thré may’procgéd by
cleavage of the cycloprypyl:riﬁg foilowed by a cyclo- A
addition process, which could occur in a concerted or
stepwise process. That this reaction occurs unéer d;lute.
conditions for 40, 58 and 67 may be due. to a number of
factors, such as (a) Fhe ability of the doub;e Bond of 39
Lo complex with the Lewis acid prior to txng;cleavage, (b)

the greater ring strain of 39 versus 8%a and (c¢) the

absence of endo-6,7 protons may reduce the steric

interactions between the Lewis acid and the substrate.
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CHAPTER 9

RRANG - AND D@U*Eaxum EXCHANGE [N
TRICYQLD(s 3.1.024 JN0NANONES

£

(A) INTRODUCTION

Since Nickon and Lambert's detailed 1investigation,
of the homoenolization of camphénilone (4) several examples
in both acyclic and polycyclic systems have been found 1in
which proton abstraction occurs from centres othe; than ihe
a-carbons under strongly bas}c conditions (l6a). For most
of these cases, proton abstraction from B-carbons has been
observed but there are a few examples of Y-enolization.
Since homoenolate anions have synthetic utility (16) it is
of intereét ﬁo(define the factors which govern the
fegioselectivity and relative reactivity of remote'proton
abstraction. With a\petter understanding of both the

regio- and stereoselect\ivity of 8- and Y-enolization the

scope of their synthetic

pplications could be enhanced.

Stothers et al (3) has shown that under strongly

basic conditions 3,3-dimethylbicyclo{3.2.1l]Joctan-2-one i95)‘ﬁ

rearranges to 3,3-dimethylbicyclo(3.3.0]octan-2-one (96);3
& ;

/Jbia the B-~enolate 97, while the tricyclic ketone 1lba ;MM}

rearranges to 4;4—dimethyltricyclo[3.3.0.O2'8]octan~3vone

via a Y-enolate (13).

1858

(3
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6a | S 16b

To- examine the relative reactivity in a closely
related system, the behaviour of the 7,7-dimethyltricyclo-"
'[3.3.1.0‘2'4]nonazn—6-ones unde; homoenolization conditions
'was examined. By analogy with 95 and lﬁé one coula
envisage proton abstraction to occur from C-3 and C-9 1in
the endo isomer 98 (see Scheme 9.1)‘c§nst1tut1ng an intra-
molecular competition betweermr Y and B-enolization,
r;spectlvely; A comparison of the behaviour of the exo
1somer 99 with that of 15 was of interest because of the

unexpected effect of the cyclopropyl ring on the 1ny2H

exchange experiments for theolatter (13).
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(B) RESULTS AND DISCUSSI&N

‘Ketones 98 and 99, prepared by methylation
(NaNHp—-CH31-Et0) “of 80@.and 7%9@ were dissolved 1n
t-BuO” /t-BuOH (1.26 M) to furnish a solution 0.26 M in >
keton;. Aliquots were sealed 1n glass tubes under nitrogen |
and heated to 180°C for various times. The neutral product
(ca.. 80% recovef#) 1sclated from homoenolization of 98 was
analyzed by glc (PFAP, Carbowax) and 13c NMR. ‘In each
case, the starﬁlng material wasArecovered unchanged and
there was no indication of tﬁe formation of i1someric
materxai in the neutral fraction even after > 200 h at
185-C. \ '

In contrast, under.the,same conditions and with
the same stock solution of t-BuO™ /t~BuOH employed for someN
of the experiments with 98, the exo-tricyclic ketone 99 was
smoqthly transformed to- a new 1someric ketone 100, which
contained a five-membered ring according to its carbonyl
absorptibn data (1730 cm™ 1; 6¢c 223.9). The half-~life for
the disappearance of 99 and the appearance of 100 was found
to be ca. 75 h at 180°C. .The l3Cmr spectrum of the‘product{
containgd ten signals in addition to the carbonyl pdak:
CH3, 24.6, 25.0; CHy, 9:0, 30.3, 43.2; CH, 16.4, 23.2,
.Qi.3, 47.3 and C, 47.7. From these data the ke%one could
be tentatively assigned structur} 100, which could arise by
proton abstraction from C—Q of 99 to generate B-enolate 101,

subsequently opening with protonation at the original C-5

site. The highest field methylene signal (8¢ 9.0) was
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99 101 : 100

attributed to C-3 while the methine signal at 8¢ 47.3 was
ascribed to C-6, deshielded by the carbonyl. An

examination of a series of methylated (3.3.0] systems (62)

" shows that the exo-methyl 1somer absorbs further downfield

than the endo epimer ‘and on this basis the signals at

bc 24.6 and 25.0 were assigned to the endo and exo methyl

signals, respectively; the remaining assignments were

v

straightforward™
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As further proof of 1denti£y, 1h/2H éﬁcbange under
mild conditions was exaﬁlned. The rearranged ketone was
stirred at room temperature/ln the presence of MeO™ /MeCOD-
for 12 h and mass spectrometric analysis of the recovered
materi1ai indicated that exchange occurred at a single site
(0.995 atoms 2H/molecule). As expected,,ln the l3cmr
spect@um of.100—d1 the signal for C-6 (8¢ 47.3).appeared as
a l:1:1 ;rxplet (JCb = 20.8 Hz) with an a-1sotope sh1f£ of
0.356 pﬁm. Préélse isotope shifts for the signpals of the
neighbour ing carbons were obtained from the spectrum of a
1:1 mixture of 100 and 100-d; and these data are shown 1in°
Pigure 3.1. The relatively large 1sotope shifts for the
methine carbon at 8¢ 41.3 (0.087 ppm) and the methylene
carbon at &¢ 30.3 (0.087 ppm) afe indicative of.carbons
gemlnai’to ?H (49). The smali isotope shifts exhibited by
the cyclopropyl methine at 8 16.4 (0.016 ppm) and the -
quaternary carbon (0.009 ppm) are éonsxstent with the
Jobserved dihedral angular dependence of v1cinai 2H-13¢
1sotope shifts (34). Further confirmation of structure 100
wags achieved by determination of the 13¢c-13¢ coupling—-
constants for the sp3 carbons of 100 from its INADEQUATE
spectrum. These results are collected in Figure 9.2 and
conf irm the assigned strﬁcture (these shieldings (1in CgDg)
differ sliéhtl& from those given previously for CDClj
solution}. ) o
° The LHmr spectrum contaxﬁed two methyl singlets

(6 1.10, l.Ol),.one two-proton pattern and eight one-proton
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30.3

2.6
47.7 (0.009)
\
N
\
25.0
43.2
23.2 \
5 0 (0.018)
FICLRE 9.1: '3C Shielding Data (*_) for 100 and 100-

fThe values in parentheses are the 2H-induced shift values in ppm

FIGURE 9.2: ]3C Shielding Data (ic) and Coupling Constants

for 100 (in hz)
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,ﬁultiplets. The highest field absorptions at. 8 0.02 (ddd,
J =3.9, 3.9, 5.1 Hz) and 0.46 (ddd, 5.1, 7.9, 7.9) were
r;gd;ly attributed to syn~H;3 and anti-H-3, respectively,
since Jtrang ¢ Jcis for vicinal cqupling in cycloprbéyl
ringé;( 3). The cyclopropyl méthine protons gave rise to a -
compie multiplet at 8 1.24-1.38, while the absd}ption at
8 2.40 {(ddd, J = 7.4, 9.2, 10.0 Hz) was ascribed to H-6
since tnis signal is absent in the proton spectrum of ' T
100-d1 Y A clear doublet of doublets 6 2.16 (J = 10.0, 13.0

Hz) and an ili- deflned eight-line pattern at 8 1.72 were

<

assxgned to the 5- protons while a.clean multlplet 5 2. 00

(ddd,hJ = 1.6, 7.4, 12.8 Hz) and a broadened doublet of ’
" doublets & 1. 49 (J = 11.2, 12:8 Hzy were ascribed to the

S-protons, The lowest field absorptlon at 8 2.73 (ddd,

[y

J=17.4, 7.4, ll.2 Hz) was attributed to H-1. These

. " " .

assignments were confirmed by spin-decoupling experimeqts)‘
The'stabilitffof 98 under theZe stronély basic.

conditions stands 1n direct contrast to the behaviour of 95

. s LI

and 1l6a which: are smoothly transformeg/;; 96 and 16D,

.respectlvely, upon tr%atment with t-BuO~/t-BuOH at elévated.
temperatures (3,13). The original notion “that- 98 could
conceivably provide an intramolecular competition for B-

and Y- enollzatlTn was clearly 1ncorrect and more §ubtle

factoré must play a-role in governing isomerization v1a

homoenolization. ' By analogy with 95, in which proton
abstraction from C-8 leads to rearrangement to foi§~96; it .

was‘anticipated that proton abstraction from c-9 in 98

(j("
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would nge the coPteSpondlng rearrangement product whlle

B - ;' proton abstractlon from €~ 3 COuld provxde the [4.3.0.0)

o homolog ef lﬁb but there is'no evidence of formation of

- o {; 1somer1c materlal On the other hand, 99 1s smoothly
’ 'ﬁ,”=? convertedvtewiﬁﬁaﬂa rearrangement whlch is strictly
_ A%l analogousvto thq-QS > 96 conversion and which must involve

1proton aﬁefractiﬁn from C-9.1n 99, as noted above, to form -
o 'i:' R _nlbl with subsequent openlng to 160. The difference in

Lbehavxour of 98 and 39 suggests that the relative.

’“«5‘1: - : ‘“orlentat1on of the carbonyl group and C-9 must be hlghly

% {mportant Whlle the sxx—membered rlng in 99 can adopt a
t - chaxr conformatlon this arrangement is precluded for 98
' , beé%use .of the endo orlentatlon of C-3 and its sik-membered
,: rlng presumably -assumes a boat like conformatlon;; An °
. inspection: of molecular models lndlcates that the dlhedral o
' ' angle between;CLg and the carbonyl oxygen incrfases from -
. . ' ca. 120° to cap"l?ﬁ;‘%itn the chair to boat\chapge for the
. : 'sik%membered'zing in 99 and 98, respectively. This change -
> e i T, B - - .
B :
S ® e
L} . _ 2
& ° - ’ ~
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K - ’
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carbanlonlc centre at C-9 less lxkéin [t seems reasonable

to suggest that this difference in the relative orientation.

.

of the carbonyl group and the methano bridge carbon 1in 98
and 99 may account for the marked change in reactivity.
This proposed relationship between the orléhtatlon~of the

carbonyl group -and the site of B-pr@%on abstractmon and 1its

effect on reactivity is examgned further 1n Chapter 10. =

R
Bt

" Although the reluctance of 98 tp i%ar:angefviﬁ
B-enolization at C-9 can be ratiohalized in terms of the
dihedfal angle between the methano bridge and the carbonyl

group, this explanation dges not follow Eeéfthe failute of .-

: 3
v #
-

98 to rearrange via Y-enolization at C-3. S8ince a
compar ison of the orientation of the carbonyl group with

respect to C-3 in 98 and 16a indicates little difference

N .
except that the separation between ‘the carbonyl“carbeﬁ and g@f'
P

r

C-3 is ca. 10% greater in the former. It may be ncted
that, from Dreiding models, the distance between C-9 and

"the carbonyl carbon in 99 is comparable to that between C-3

PAEN

and the carRonyl carbon in l6a, both of which isomerize .>

under the reactipn'conditions. It ‘may be relevant}that
there is a,similar separatlon between the carbonyl carbon
and the me lene ‘carbon involved in the Y~enolate".

. . 4 .

rearrangement of half cage ketone 9, to 1l which was the

\
L]

flrst example of this phenomenon (7). Cleavly these

"results would seem to suggest that for homcenollzatlon to

.
»

K 2 N : . ’
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occur the separation between the carbonyl é?oup’and the
site of proton abstraction must not exceed some critical
value requ1red-f;; effectlveilnteractlon of the carbonyl
group w1th‘an incipient carbanionic centre. To gain
further 1nsxgﬁt into the ,behaviour of 98 and 99 under ;hé
reaction conditions the reéults of'lH/ZH exchange
experiments were also examined. ‘

To determine the regio- and stereoselectivity of
proton abstraction in 99 under qt}ongly'baslc conditions,
its homoenolization was examined in a deuterated medium.
After treatment of, 99 in t—BuO'/ffguOD at léS°C'for var i1ous
times, samples of 99:dx were collected from the prodﬁct
mixtures by preparative glc. A.40 g sampleycontained l.Bdi
atoms 2H/m;lecule by mass spectrometry and its 2Hmr
spectrum revealed six sites of deuterihm'incorporation for
which the relative amounts were measured byfintegration.
Thase absorpﬁions and thé 2H content were found at & 0.13
(0L3b), 0.28 (0.055T>\Q§§7 (0.18), 0.93 (0.22), 1.1l4

(O.ll), and 2.66 (0.89), gthe\assignments for which were

’ 1

obtained by comparison with tae Ltmr spectrum of 99. 1Its
proton spectrum contained two methyl singlefs at 6 1.14 and
1.11 which were found to correlate with the 13c¢ methyl

signals at &¢ 31.7 and 30.4, respectively; hence the lower .

'field signal (8¢ 31.7) arises from the exo meéhyl group and

deuter ium exchange of the methyl groups occurred
- '}'"‘l

exclusively at the exo position, which is consistent! with
- A4

T, : N ..‘ '
the findings of other studies (16). The tWO@highest field

:':_\\w

Loy
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<
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signal's at 6 0.12 (1lH, dd, J = 5.41 7.71’7.7 Hz) and 0.28"
(1H, d&, J = 3.6, 3.6, 5.4 Hz) weré readll} assigned to the
3—protoﬁs. The larger vicinal couplings for the higher
field pattern show it to be due to the proton cis to thé
cyclopropyl methine protons, H-2 (8 6.79 (m) and H-4
(6 0.93 (m)) since it 1s well khpwn that qc1g > Jerans for

' vic1nal'couplihg in cyclopropyl rings (63). -The b?¥idgehead
'protons absorbed furthest downfield at 6 2.66 (d, J = 4.4

HZE'H~5) and 1.52 (m, H-1). An AB patterﬁ af 6 0.87 (d, J =

12.5 Hz broadened by small unresolved couplings) and 8 1.00

(m) correlated with the methylene carbon at 8¢ 26.0, hence

these signals were assigned to the S9-protons. An

ingspection of molecular models‘indic;ted that the dihedral

angles betwgen the syn-9-proton and the i~.and S~briq§§head
protons are - 90°, thus the slightly broadened doublet at 8 »

0.87 waé assigned to syn-H-9. The r%maining AB pattern at

6 1.3¢4 (J = 4.1, 14.0 Hz) and 1.48 (J = 2.0, 2.8, 14.0 Hz)

was readily ascribed to .the 8-protons. Based upon these

data the deuter ium exchangé o) ur?éd at C-3, 74, -5, -9 and

the exo-methyl carbon. Fr "results for a series of

-

samples of 99-dy recovered after treatment with -

o

t-BuO0~/t-BuOD for 10, 20 and 40 h, the relatiQe proportions
of deuterium at the various sites of exchange were
determined and these data permitted the extraction of

- .approximate first-order rate conépants fog the exchange

pfccesses which are collected in Fig. 9.3. . a

L}
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Although 98 was foﬁnd to be stablé under the
conditions for rearrangement of 99, this does not preclude
the occurrence of ly/ 2y exchange. Consequently sampleé of
28 were freated wifh t-BuO” /t-BuOD at 185°C for various

times. After 88 h, recovered 98-dy was found to contain
. I 4

3.96 atoms 2H/molecule by mass épectrometry and the ZHmr
spectrum revealed five sites of incorporation for which the
2y distribution was determined by integration. The 2Hm{
signals and ?H content were found to beﬁlﬁ U.4é*(0.64)h
0.60 (0.186), 0.93 (1.66), 1.52 (0.75), 2.77 (0.75):°'The
Hmr spectrum of 98 céhtéined methyl singlets at 8 0.93 and
1.06 which correlate with the 13 methyl signals at 8¢ 19.2.
and 11.2, respectively, thus it follows that the higher
ﬁfield'signal (6 0.93) arises from the exo-methyl group
since the less sﬁielded carbon is exo. Hence, as expected,
28 pndergoes exchange at the exo-methyl site’
.preferentially,.which'is consistent wigh previous results.
The two lowest f%eld multiplets at 8 2.40 and 2.77 were
readily aktributed to'ﬁ~l and H-5, respectively, while the
| two geminal coupled (Jag = 11.5 Hz) signals at.é 1.77 and
1.86 were ascribed to the 9-protons. Thg 3—pro€ons absorb
at 8 0.42 and 0.60,°Jag = 6.3 Hz, with the higher field
component exhibiting additional couplings:of 8.1 Hz to two
. protons and 1.8 Hz ;6 one 6ther protén; the lower fieia'
component contained a coupling of 3.6 Hz té two other
protons. The higher field absorption, & 0.42 was assigned

‘to the exo-H-3 (Jcig > Jtrans for vicinal coupling in

167

®

o~
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cyclopropyl rings) and the small 1.8 Hz coupling was
subsequently shown to be due to a long-range coupling to
the H-9 absorption at 0 1.86, by épln decoupling, thus
identifying ﬁhe latter as the syn proton. Irradlatlon'of
the-3~metﬁylene protons also served to identify the
multip{ets at 8 1.40 and 1.52 as the ;&gSZXE_%or H-2 and
~4, The remaining broadened Qoublet at & 1.10 (J = 14.5
Hz) and a doublet of doublets at 8 1.42 (J = 7;5, l4.5 Hz)
wefe #scribed to the endo; ahd exo-H-8& signals,
reqpecﬁkVelyf From these data, it was concluded that
deuter ium exchange occurred at C~3, -4, -5 and the ,
exo-methyl sites in 88. The deuterium exchange experiment
was then repeated uUsing reaction times of 3, 6, 12 and 19
h; analysis of thé recovered 98-dy (ms, 2Hmr) allowed the
extraction of the approximate first-order rate constants K
for the exchange processés.

The approximate first-order rate coﬁstants for
éxchange at the various sites. in 98 and 99.are givén in
Figure 9.3, together with thé.earlier results,(lé) for
their [3.2:1.0] analogs,ulS and 16a. In each case,
eichange at the 3~me£h&lene‘sites is highly
stefebsglective, indicaﬁive of steric hindnance} and thé
rates for the more reactive proton are copparable, although
this centre is only involved in enolate rearfangemeﬁt in
the case Ef l6a. This séems to indicate that the carbonyi

.group has little influence on proton abstraction from c-3

and the reactivity of these protons can be attributed to

&
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‘the fact that cyclopropyl dethylene hydfogens are more

acidic than their alicyclic counteréarts. On the qther

hand, their less acidic vicinal neighbours, the cyclopropyl
methine, hydrogens, are distinctly activéﬂed by fhe~carbonyl
group since exchange occﬁrred only at C-4 in eth compound /
with no evidencé'of exchangé at C-2. It is curious,

however, that the rate of exchange at C-4 in 99 is slower .

than that at C-3 while the reverse was found éor lb6a, 98

and 15. The detection of exéhange at the methano bridge in

the related-systems, fenchone and 3,3,6,6-tetramethyl-
norcampﬁor, is relatively recent (64). Hence it is ‘
interestlng that the syn—péoton at, this position undergees
'exchange‘selectively but only in thg,gxo series, 99 and 15,
and at comparaﬁle rates. In the'bicyclic_systems, syn
exchange is strongly favored buﬁ»proceeds at ﬂnly ca. 1/100
of the rate found for 99 and 15 this increased react1v1ty

v

ig difficult to explain. The_;pzorporatlon of a

3
"

syn- deuterlum at C-9 in 99 would suggest that the cleavage
of B~enolate 101 to regenerate 99 proceeds with retention
of configuration if this is indeed the mode of exchange.

9

Héwever, the absence of deuterium at the corrésponding
position in 25 (C~8)Ngndic§ted that the con;egsion of 95 »
96 is unidirectional. 'For°99 it is conceiva?le that
exchange at C-9 involves a different intermediate species
than 101. As:already noted,.methyl exchange occurreq
preferentiall&.at the exo-groups, with the puzzling

difference that this process is distinctly faéter in the

)
v /
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endo-examples 16a and 98 than their exo~counterpar£s, 99
and 15.. Clearly, rather subtle factors govern the
reactivity of exchange in these compounds and édditional
data are reqdired befqre definitive interpretations can be

L
-

devised. .

™~
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CHAPTER 10

BENAVICUR OF TRICYCLO[5.3.1.02:0|0NDECANONE AMND
BICYCLO{3.2.1)CCTARONES UNDER STRONCLY BASIC CONDITIONS

.

(A) INTRODUCTICR

-

The examination of the 7J7—d1methyitticyclo—
. {3.3.1.02:4)nonan-6-ones under strongly basic conditions
_had shown that the endo-isomer was stable, while the

o

exo-1somer readily rearrangé&..fo 100. This difference 1in

reactivity was attributed to the relative orientation of
the carbonyl group and the methano bridge for the two

e M A
isomers, which for these cases is governed by the

conformation of the s.ix-membered ring. These results

indicate that B-enolate formation does 'not readily occur if -

;lﬁ; dihedral anéie between the carbonyl oxygen and the

’ B;carbon approaches ca. 170°. The deuterium exchange data
for a.series of polycyclic ketones, shown iR Figure 10.1,
tepd to support this view since in each case exchange doés
not readily occur at ;ny B—carboﬁ with a dihedrai aﬁgle
apéroacﬁing 170° with respect to the carbonyl oxygen. In

{§general, efficient exchange occurs at thos? Q;sites for
gﬁich the dihedral angle varied from ca. 0° gg ca. "130°,
although slow exchange at endo .a-methyl grodps'indicates

that additional factors also govern the reactivity of

exchange.

' 178

H




FIGURE 10.1: Deuterium Exchange Rates. (k x 10? sec°1) by
£-enolization? at 165°C in ¢-BuO /:-BuD (16)

?The pseudo first-order rate constants for exchange are underlined, while
the djhedra] angles defined by the Z-carbon and the carbonyl oxygen are
in parentheses

bThe rate factor was obtained from the rate of rearrangenent (see
Figure 10.2) -

®
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vThe homoenolate skeletal rearrangements shown 1n
Figure 10.2 are consistent with the exchange data. " In each
case the six-membered ring presumably adopts a chair-like
conformation preferentially;.tﬁus the dihedral angle
reléting the develpplng carbanionic site and thé carbonyl
oxygen will be near 120°. To examine the senhsitivity of

homoenolate rearrangements to the orientation of the

carbonyl group and the developing carbanionic site the

behaviour of endé-S-t—butyl—vaethylbicyclo[3.2.l]octan~
-2-one (104), @ndo—9—t—buty}~9~methyltr1cy;lo—
[5.3.1.01r5]undecan~8~one~(105), 9,9—d1m§thyl—endo¥
tricycio[s.3.1.01'5]uﬁdecan—8—one (106), and exo-3—t—buﬁ§};

3-methylbicyclo([3.2.1)octan-2-one (107) under typical

homoenclization conditions were examined. For ketones 104,

LY &
105 and 106 the six-membered ring presumably assumes a °

boat-like conformation because of the endo t-butyl group or

the trimethylene bridge.

Vrnsg,

0

105

-~
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FIGURE 10.2:

Yexperimental conditions:

50% conversion
after 60 h

103

.()/
50% conversion
after 120 h

60% conversion
after 480 h

4 .

Homoenolate Skeletal Rearrangement”

£-Bu0”/¢-BuOH, 185°C

17
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Therefore by analogy with 98; it was anticipated that these
th}ee compounds would not rearrange via ﬁ*enolate formation
at the methano bridge. The reactivity of 167 under
sﬁrongly basic condltlons'was-of interest since its
_six-membered fing could assume a chair-like-conformation

allowing it to undergo a base~catalyzed, K rearrangement to

exo0-3-t-butyl-3-methylbicyclo[3.3.01s5)octan-2-one (108).

%.
: (j .
AO‘-S .
s L e
(B) SYNTHESIS : . 4 - o)
4 ‘ o . .
: , The synthetic'sequence used for the preparation of . "
o 0 .
ketones 104, 105 and 107 is given in Scheme ,10.1. Ketones
'lOQa and 105a were readily available and, the a-methyl i
ketone 107a was prepared by.methylation of 104, using LDA ’
- and methyl iodide. The silyl enol ethers 104b, 105b aﬁ? R

lp?b were obtalned by treatment of the corresponding ketone

\.~) : " Kl . g
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with LDA followad by the addition of trlmethylsqul b
\chlorxde and trxethylamxne Maier' s procedure ‘67) for -
it butylatxon of silyl enol ethers provided an effxcxent
means for the conversion of 104b and lOSb,"fo 104c and '
. 105c, reqpectxvely._ The treatment of 104c and lOSc thh
MeO™ /MeOD afforded only 104c-d and 105c.d), which 1s
Acon51stent.with the assigned‘stereochemiséry of th;
a-t-butyl group.since the analogous methyl derivatives l1l07a
and .28¢ when treatéd witﬁbMeO‘/MeOD yield only deuterated
éfartxng material. \ . :
Following the t- butylatxon procedure employed thh
104b, alkylation of 107b gave a complex mixture contaxnxng .
ca. 70% 107a and 9% 10%. Var91ng the conditions for
alkylation did not improve thevyieéa‘of l07 and an

analytlcal sample was collected by preparatxve glc for .

\ charésterxzatlon its 13cmr spectrum cgntalned eleven .

~~ signals: CH3, 25.8, 26.3 (rel. n&;. 1:3); CHy, 28.0, 29.6, °
33.6, 40.7; CH, 35.0, 52.6; C, 37.9, 50.5 and C=0, %éo.z..
The infrared spectrum contained strong carbonyl absorption ‘ ;
at 1698 cm~! and its mo%ecular formula was shown.to be. ‘ o .

3
C13H220., by.precise mass measurement. Assuming that

’ t-butylation occurred 1n the“exo direqtion, these data ’
agreed well with the assigned ‘structure for 107. The
reduced ‘efficiency of alkylation for 107b méy be attributed ¥

to the increased_steric repulsions between the substrate

and the bulky tertigry cation, (CH3)3C*.




“
e

Methylatzon of 104c was initially attempted
following the procedure emp ed for 107a (1.5 esquivalents
IDA and 3.0 equivalents of CH3l aéded at -70°C) which

furnished a product mixture contaxning ca. 36% of 104. - A

-

Aserles of methylation procedures'was then examined

(NaNHy/Mel, KH/Mel) which falle@ to increase the yield of
104. Hence, LDA alkylat“qg,ef 204c was repeated using 1.2

e 4
eguivalents of base and after the gddltxon\of 104c the

LN .
,3Qixture was stirred at room temperature for 30 min. before

the addition.of CH3I. This change in procedure led to a 95%

. yield (by glc)y of 104. . Its L3cmr spectruﬁ consisted of

“eleven signals; CH3, 26.3, 27.6 (relative intensity 3:1);

CHp, 26.2, 31.8, 32.3, 39.0; CH, 33.3; 51.0;C, 37.1, 49.5,
and a carbonyl absorption at 8 219.7. A comparison of the

13¢ shieldings for 104 and 107 clearly indicated that

exo-methylation occurred and the assignments for both

Lsomer s are shown 1in Pigure 10.3. - The IR spectrum of 104
contained strong carbonyl absorption at 1698 cm™ ! and the
molecular formula, determined by precise mass measurement,

was found to be Cj3H220. These data agree well with the

assighed structureﬁ' Repeated methylation of 105c¢c with LDA

" and methyl i1odide. gave a product ﬁ%xture containing 94% of

105. Its 13cmpy spectrum of 105 had fourteen signals: CH3,

264, 27.9 (rel. int. 3:1); CHp, 26.5, 27.8, 84.1, 39.6; .
CH, 39.3, 450 50.9, 57. sdﬁc 37.2, 501an% c-0, 2192

= /]
The 13cmr data for the pz-methyl carbons " of 1.07 (8¢ 25.8Y),

AlGQ (Bc 27. 6) and 1OS#§5C 27. 9) was gani}stent with ‘

b
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FIGURE 10.3: .
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methylation of 105c occurring in the exo direction. The
infrafgd spectrum cont&ined a-strong ;azbonyl.absorption at
1698 cm~ ! and the molecular formula was showm by precise
mass measurement to be CjgH20. These data were consistent
Qﬁgﬁ the assigned structure for 105.

4 Keton; 106 was prepared from the known tricyclic

alcohol 109 (68), as.outlined in Scheme 10.2. Oxidation of’

109 wigh PCC afforded 110 in 85% yield which upon treatment

~with LDA at -70°C followed by reaction with'trimethylsilyl :

chloride and triethylamine gave 1ll in 89%'yield. 1t was

anticipated that treatment of 111 with the Simmohs-Smith
“ -

> : - .
reagent would provide smooth conversion to 1i2. G&s—liquid‘

3

chromatography of the product mixture from éycloprépanation
indicatedvéh; presence of téc components in a ratio.df
2.3:1. These were collec;ad by'pfeparative glc and shown
to be 112 (major componér{,t) and 114. The formation of the
laEfe}\p:oduct'suggests that 112 is unstable to the )
Simmons~Smith conditions and undeggoes ring opening to ll%;
possibly due to trace amounts of acid present iﬁ solution.
Hence, thé’cyclopropanétion reaction was repeated .
monitoring the course of .the reaction by limr and the usual
work-up procedure gave 112, which by.glc was > 80% pure.
Treatment of the product mixture from cyclopropanaxion'with
‘OH/M@Qy at 0°C affo;d@d a 1:2.1 mixture of. 114 and 213,
respectively.’ FPlash romatography furnished pure 113 in.

56% yield. The spectral data for the series 110-114 agreed
. ‘ ]

-
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o o 183
‘ . Since the product ratio from homoketonizatio -of
112 clearly differed from that for 27b, the reaction Qas'.
examined at room temperature. Thus.pure sampl§s of 112‘
were treated with 3 M methanolic sodium hydroxxde solution
and glc anaiysis.of Zhe product mixture Lndicéted a 1.7:1 ’
mixture of 113 and 114, respectively. As discussed
préeviously, -homoketonization of polycyclic cyclopropoildes
is influenced by a variety.of factors. At present it seems
reasonable to suggest that 112 affbr&s a greater proportxon
.of the methyl ketone 114 than that found for the exo lsomer
'27b becaqse the relxef of strain upon formatlon of the
Y ing expanded ketone is less for,the endo compound. Th}ﬁ
can b& a%tribﬁfed to strain arising from t;rsional
;ﬁteractxons betwean the b-2,3 and —q,loibondsvand fﬁe.
C-Sté.ah§>j8,§_pbﬁds_iq the ring-expanded product 113.




Treatment of 113 wifh &é&ﬂz—Eth~M@I furnishéd

\-)"

106. 1Its IR spectrum contained, strong carbonyl absorptxon

at 1703 cm ! and a preciae Rass measurement showed the

molecular formula to be qlgﬂggo. The 13Cmr spectrum of 106
‘ ' ~

had thirteen signals: CHy, 27.9, 34.3; cnz, 26.6, 27.3,

35.4, 35.6; CH, 35.7, 468, 47.7,753.0; C, 40.6 and C=0,

S , . .

219:6.  The assignments given’in Pigure 10.4 followed from

consideration of tﬁewshieldingéeffecté expected fo% the
methyl groups on the 13¢ chehical:ghlfts of 1l§i The

proton spectrum of 106,€onsé?§ed'df four multiplets at =
8c 2.63 (3H), 2.32 (2H), 1.27-1.9 (9-H) and 1.10 (1), affv

sharp doublet at 6,.2.18 (1K, J .= 13:0Hz) and two intense -

9

methyX signals at 8 1.15 and’l.03}) !
- ot ".’ ‘7( haad -
(C) KOMOEOLIZATION OF 104, 105, AMD 106

Following the usual grocedure, ketone 106 was

dlgsolved in, £~ -Bu0~ /¢t~ BuOH (1.26 M) to furnxsh a solution

0.26 M in 106. Aliquotk of this -solution were transferred

to glass tubes under, nitrogen, sealed under vacuum, and

mmarsed in amnoil bath at 185° C@ for varymg periods of

time. The nautral product (quantitative yield) from each?

-

tube was isolated’ by pentane extraction and analyzed by glc -

(FFAP Carbowax) and l3C spectroscopy. !n each case, the '

,stait;ng material wés recovered unchanged with no

indicati6n. of the fdimatxon'pf isomeric material in the
Fd
neutral fract;on even afte? > 150 h at 185°C. A second
. )
series of tubes heated to 200°C for varying periods al8% "

- ~
-
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FIGURE 10.4: | °C Shielding Data (:_) for 106-and

113 (27) :

o




185

yxelded only startxng m&terxal (95% yield), even with a '
“'”“ﬁwwmmttcﬁ time 3220 h. T T o . ""‘i‘”“"F" S —
The rate-depressing effect of water on t-BuO / -

,t-BuOH catalyzed reactions is well recognized (19), . hence

to inSure~that.the &ppafent stabi1lity of 106 was not the

result of inadvertently reduced base strength, a l:i

mixture of 106 and 102 in t-BuO~/t-BuOH (same\stock '

solution used for 106) was heated to 185°C for 645 h.

Gas~liquid chromatography (FFAP) of the neutral product

(93% recovery) indicated that the product mixture contained

103 (20%), 102 (29%) and 106 (51%). Since the yield of 103

from 102 was consistent with literature values (65) these

results confirm the stabxllty of 106 un8er strongly basxc :

conditxons ‘

Treatment of 105 () 95% pure) wlth t -Bu0~./t~BuOH

(at 185 Cy for -65 h yxelded only starting material (80%
* recovery), while the 131 h-run (185°C) afforded a trace
amount (ca. 1%) bf a new component (lle. To increase the
q:;ield of 115 a second series of tubeé was heated at-200°C
for varying periods of time." Gés—liquid chromatography of
the neutral product (> 75% recovery) from the 240 h run
showed thaé the product mixtufe consisted of 105 (92%) and
115 (8%). 5oubling the reaction tiﬁe did.not significantly
}ncreaée-thé relative yield of the latter'component, a
saﬁple of 115 was colledted by preparative glc. A precise

mass

'easurement -of 115 showed the molecular formula to be

C3i 250 and its carbonyl absorption data £1730 cm 1,
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bc 224.1) was 1indicative of a five-membered ring ketone.

. The 13Cmr spectrum contained thirteen signhals 1n addition

to the carbonyl absorption: .CH3, 19.2, 26.1 (rel. int.
1:3); CHp., 26.9, 34.1, 34.3, 34.6, 39.2; CH, 443, 45.6,
52.9 and C, 34.0, 56.4."These.data suggested that 115 -
couid be ;ndo—4*t*butyl~4-methyl-czs, anti, cils-tricyclo-»

[6.3.0.02.6jundecan-3-one, formed by .B-enolization at C-11

of 105 with subsequent cleavﬁge of the original £-7,8 bond.

To establish that the slow 1isomerization (105 » 115) was
not due to the presence of water in the base solution, a
1:1 mixture of 105 and 102 was treated with t—Bqu/t—BuOH'

(same stock solution used for 105) at_A485°C for 552 h. Glc

analysis of the neutral contained 103 (26%), 102 (26%), 115




(é%) and 105 (47%) . Thé,appfoximately 1:1 mixture of 103
and 102 established that the low yield of 115 was hot due
10 redﬁceﬁ base strength.
y B So}u£ions of 104 and t-BuO /t-BuOH wére heated at
18§°.and 200°é for varying periods of time. Gas-liguid
f‘cﬁrématography of tbe neutral product Q) 80% recovery) from
;pthev40 h—rué (185°C) revealed two poorly resolved peaks,
-while a l3§ sp;ctrum of the product mixture §howed éwo sets
of éiéhais:with7fe1ative'intensities of 5.4:1. The 13¢
speétruﬁ for tﬁé major component contained eléven signgls:
CH3, 26.3, 27.6 (rel. int. ca. 1:4); CHp, 26.2, 31.8, 32.3,
3§;b; CH, 3315;‘51.1: C, 37.1, 48.5 aﬁd C=0, 219.9 while : A
tbé.minor eomponent exhibited ten signals: CH3z, 25.8,
28.0, 29.6, 33.6, 40.5{ CHp, 35.0, 52.6; C, 37:9, 50.5 énd
CﬁO; 220.2. The preé;minant set of peaks was readily
ascribed to the sFart;ng material and the remaining
absorptions were attrisuted to 107, with its t-butyl mgthyl
signal coincident with’the corresponding signal from 104.
The product composit}on for the neut}a; fraction as a .
funckién of ‘time is given in Table 10.1. These data show
~ that, under the conditions employed, 104 iearranges to 107,

.7 which does ndot readily isomerize to 108.

-
(D) DISCUSSION | R
i " The stability of 106 under strongly basic

conditions stands in direct gontrast to the behaviour of

102 which is transformed to 103 (Figure 10.2) upon

-




1

TABLE 1D.1: Composition of the neutral product obtained
* from homoenolization (t-BuO /t-BuOH) for 104

-

Temperature Time . Product (%)@
(°C) : (h) . 104 - 107

L)

185 . 40 - g5 15

230 - 50 50
200 : 97 ) 40 60

- crm— s 4 e

aRelatiie proportions.we}e déferﬁinéd from the l3Cmr_spectra
+ 10%. '

\“3 ) .
A
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treatment with t-BuO™ /t-BuOH a% elevated tempé?atures

{(65). This diff;rence in. behaviour is analogous‘go that
found for the exo, and endo-isomers of 7;7—dimethyltricyclo—
[3.3.1.02:4Jnonan-6-one and is consistent with the
suggestion that the relative orientation of the carbonyl
group and the site of B-proton abstraction is highly

- important for rearrangement via ﬂ—enolizatign. In 102 the

s
4

six-membered ring can adopt a chair-like conformation,
while for 106 this arrangement is precluded because of the
. endo orientation of ‘the trimethylene-bridge and its
six~m§mbered ring presumably adopts é boat-like .
conformation. With this conformational change the dihedral
.angie between C~11 and the carbonyl oxygen changes from ca.

120° to ca. 170° in 102 and 106, respectively. Hence the

results for 102 and 106 are consistent with the suggest ion

. that the dihedral angle between the carbonyl oxygen and the

»

site of B-proton abstraction must be < ca. 130° for
B4enolization.to occur readily. The observed reluctance of

L]

105 to rearrange via g-enolization a& £-11 is also'ip;
agreement with the proposed orientational effect sinceg%ts:
six-membered ring présumébly favours a boat-like . @
conformation because of the endo-t-butyl group. fherefore
the dihedral angle ‘between C~11 and the carbonyl oxygen 1is
ca. l70°

The isomerization of 104 » 107 under strongly

_basic conditions occurs by B-enolization at C-7 of 104,

¢ ¢
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\ ' -~ which is analogous to the racemization proceés reported for

‘ : 3,3~dﬁmethylbicyclo[3.2.l)octan-z—one (3).

. hY




fyio confirm this interpretation.

T . oo
An inspection of molecular models indicates that ‘the

dihedral angle between C-? and the carbonyl oxygen tn 104

homoenolization conditions is consistent with the proposed'

orientation effects. The apparent stability of the
rearranged product 107 is m&re difficult to rattionalize
since its gix-membered f;ng can adopt a chair-like
conformat ion and hence, was expected to rearrange to 168-
under the conditions employed.

In summar§, the behaviour of 104, 105 and l@ﬁt
under strongly basic conditions supportS'the suggest ion
that the rate of rearrangemanLVVLa B—enollzatxon is
Lnfluenced by the relative orxentatLOn of the carbo yl
group and the site of proton abstraction. At present it

1]

seems most reasonable to conclude that this orientat ion’

]

effect is due to the orbital overlap of the incipient

negative éhqrge and the antibonding ofbitéls,of'the

carbonyl group (which aré¢ minimized.when the\dihedrél_ahg;e '

is £-130°), although clearly additional data are required

’ . '
.




——

. o CHAPTER 11
LAY INTRODOCE 108! Lo
L& :

'aszicult to abtgxniby otfer routes -was first demonstrated

-by Nickon et al. (5), whd found that bt exan-2-one whem

~treated with t-BuD™ /t-BuOH ‘at 185°C rearranged to

"reported (16). To gain further information on both the

Py

, REARRAEGEMENTS VZA HOMDENOL I ZAT 10N IN SUBSTITUTZD

.
-

BXCYELOIZ 2. l]ﬁEPTANONES

L3

8

fl
The synthetxc ‘potent ial.of - §keletal rearrang;ments

via homoenolate anions to generate systems otherwise
,

€ ks

aa
brendan- 2.one. L
’ . - ) &«

Since this discovery, several examples of homoenolate

rearrangements of acyclic and polyeyclic systemé have been .

synthetic scope and mechanistic features of homoenolization

[y

the behaviour of 3,3,7,7-tetramethylbicyclo{2.2.1l}heptan-
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'Zﬂone (116a) and .3,3-dimethyl- 7*splrocyclopropylblcyclo-

[2. 2 llheptan-2-one (lléb) undet strongly basic condxtons

was examxned. As shown 1n Scheme 11.1 homoenolization 5?

116a could, in principle, afford the highly hindered. |,
3,3,5,5-tetramethylbicyclo{2.2.l]heptan-2-one (1l7a), whlch;D
! , . ¢

is one of the few tetramethylnorbornanones not yet
sYnthésxzed. ‘Alternatively, homoenolization of 116b.(see
SCheme ll.lf could yleld 3, B;dlmethyl~5—sp1rocyclo—‘

propylblcyclo[z 2. l]hept&n 2= one (ll?b), whlch upon (.
hydrogevolysxs Wlll furnlsh 117a. Furthermore, since ‘

camphorlundergoes slow lH/2H exchange at the syn-7-methyl.

on treatment with t-BuO~/t-BuOD (185°C), it is conceivable
, .

°

N

e

that l1llb6a could isomeérize via the Y-enolate 118.

" (B) SYNTHESIS

Following the.method.descriped by Turro andz
Farringtbn (54) and outlined in Scheme 11.2, 7~spiroc¥clo—
propylbicyclo(2.2.1llheptan~2-one (120) and 7,7-dimethyl-
bicyclo[Z.Z.l]heptan-Z*oqe (lZEX‘were readily prepared from
63. Treatment of 120 and 121 with NaNHé—EtzO—MeI furnxsﬂe&

llgb and 1l6a, respectively. The 13cmr spectrum of 1ll6b

!
i
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consisted‘of eleven signals: CH3z, 22.1, 23.3; CHp, 3.8, :

8.9{ 23.6, 24.7; CH,.SS.QJASS.S; C, 32.3, 49.5 and C=0,
221’.8. To aid the ,assf"gnmnts for 116b, the 13Cmr
d%ss;gnﬁegts of 120 were gnequivoc&lly established hy'
determination of the 13¢C,13c spin coupling constants from
the 1-D INADEQUATE spectgum and these data are shown in
Figure 11.1. The assignﬁants £or 1l1bb, shown in Figﬁre
11.2, reédily foilowed by considefationAof'the effacts
exp@cfed for'ghe methyl substituents on the shieldings of
120. The p%étéﬁ spectrum of 1l6b cqntaigéd'tQO methyl
signals at & 1.20 and 1.07 and three complex absorptions at
8 0.27-0.52 (2H), 0.73-0.97 (2H) and 1.49-2.19 (6H). The
infrared spectrum exhibitgd absorptions gt 3070
(cyélopropyl CH2) » 2960 and 1742 cmfl, and precise massA
measurement showsd its molecular fbrmula to be Cy11H160.
These data are consistent with structuré 116b. |

Ketone X1l6a exhibited a lHmy.spectrum having

methyl slnglets'aéﬂﬁ 1.04, :.09, 1.13'and 1.23, a .

' one-proton multiplet at 6 1.47 and complex absorption at 8

1.68-2.10 (5H). Its 13Cmr spectrum contained eleven .
signals: CH3, 22.8, 25.2, 26.4, 27.4; Cﬂé, 23.3, 23.4; CH,
53.2, 5%9.4; C, 47.0, 45.0 and C=0, 224.2 which Here readily‘
assigned from the 13C shieldings for 121, which had been
reported (69); tbeSe data are showp in Figure 11.3. The ir
spectrum contained absorptions at 2960 and 1750 cm~l and,
as shown by precise mass measurement, its molecﬁ}ar formul

a is C))H1g80. These data agree well with structure 1l6a.
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To facilitate thé'analyais of the product mixture
from homoenolization of 1l6b a éample of 1l17b was prepared
by an altargative route as outlined in Scheme 11.3.
Treatment of Z—methyl—B—chloropropene with sodium amide in
t-BuOH and TH2 gave methylenecyclopropane (70), which was
reacted with cyclopentadiene to yield the known olefin 122
(71). Hydroboration of lZZAwith 1.0 M borane-methyl sulf ide
complex furnished a 1l:1 mixture of alcohols 123 and 124,

which were not separable by gas-liquid or thin layer

- chromatography. Oxidat:ion of the alcohols with PCC

afforded the corresponding kpﬁones 125 and 126, which were
also not separable. Treatment of the mixture with
NaMNHj-Et 20-Mel for th;ee cycles furnished the desired
dimeth?lateé,analogs 117b ﬁnd'l27, which were separable by

glc.

' " Ketone 117b was found to have the molecular

formula C)1H;50, by precise mass measuremené, and its
infrared épectrum contained absorptions at 3080
(cyclopropyl CHp), 2990 and 1740 cm™l. The 13cmr spectrum
contained eleven-signals: CHjy, 23LQ7 23.4; CHz, 11.0,
13.9,-35.4, 35.8;. CH, 51.9, 54.3; C, 22.4, 48.0 :;nd c=0,
222.8 which weré r;adxly assignaé, as shown in Pigure
11.4. The lHmr spectrum gave'fufther support for the

tricyclic structure of 117b. Three high-field multiplets

at 5 0.26 (1H), 0.47 (1H), and 0.69-0.81 (2K) were readily

ascribed to the cyclopropyl protons and.the.methyl signals

appeared as sharp singlets at 6 1.02 and 1.17. A one-

283
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proton doublet of doublets at:8 1.79 (J = 12.4, 5.4 Hz)

~coupled to a broadened doublet at & 1.66 (J = 12.4 Hz) and

a multiplet at 8 2.67 (J = 5.4 Hz) were assigned to

exo-H-6, endo-H-6, and H-1, respectively. A broadened

O
~

one-proton singlet at 6 1.48 was attributed to H-4'and the

absorptions for the syn- and anti-7-protons appeared at &

2.02 and 1.99 as an AB pattern (J = 1l.4 Hz), with

additional small couplings to H-1 (J = 1.5 Hz) and KH-4 (J =

1.5 Hz). These coupling interactions were céqfirmed bf.

A

‘homonuclear decoupling exper iments. )

The second ketonic product 127 exhibited an ir

spectrum containing absorptions at 3030 (cyclopropyl CH2) .,

~

2921 and 1737 cm™1. The l3Cmr"'spectrum contained eleven

+

+gignals: CHj3, 21.4, 23.5; CHp, 10.8, 13.6, 35.3, 35.7; CH,

47.9, 57.8;c{ 21.4, 46.2 and C=0 219.8 which were readily

N .
assignable as shown in Pigure 11.4. . Its iy spectrum -

contained s8ix one-proton multiplets, one four-proton

multiplet and two methyl singlets at 6 1.08 and 1.10. The .

cyclopropyl methylene protons appeared as a complex

absorption at 8 0.43-8.73. A one-proton doublet of

doublets at 8 1.84 (J = 12.5, 3.6 Hz) coupled to a

multiplet at 8 2.33 (J = 3.6 Hz) and a four-line pattern at

5 1.64 (J = 12.5 Hz) were assigned to ‘exo-H-5, H-4 and °

endo-H-5, respectively. The additional coupling for

endo-H-5 (J = 2.5 Hz) arises from a léng range w codpling.

to syn-H-7 at 8 2.05 (br.d, J - 10.5 Hz). The large 10.5

Hz coupling for syn-H-7 was readily attributed to the
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geminal interaction with anti-H-7 at 0 1.89 (@dd, J = 10.5,
- 1.4, liQ;Hz)‘ The éﬁgﬁining two 1.4 Hz'splitgings.for

ant i-H-7 were due to coupling with H~4 and H-1 (8.1.76,

m). These coupling interactions were confirmed by

homonuclear decoupling experiments.

(ci_ HOXOENOLIZATION EXPERILENTS
Foilowing the usual procedure, 1llba was dissolved
in t—BuO‘/t—BuO; {1.26 M) to furn}sh a ;olution 0.26 M in
116a. The reaction solution was tﬁen'transferﬁed to a
series of glass tubes under nitrogen} seaied under vacuum
and heate@ t& 185°C for varying periods of time. The
neutral product (> 80% recove?y) from each tuSé was X
isolated by pentane extraction ‘and énalyied‘py gas~liqhid
ch}omatography and l3§mr. Whlie glc analysis ingicated
that only one component was present in the neutral product,
its 13cmr spectrum clearly';howed.that the producf mixture
consisted of 1l6a and the isomeric ll7a (8¢ 223.75. The
proportions of ketones'lLSa and ll7a as a functioA{of time
are given iquable 11.1. From these d?ta it is ap;arent
_that the new component (ll7a) reaches a maximum X
concentration of 17% after ca. 200 h at 185°C. Two .
addifionéi tubes containing a 1l:1 mixture of 1llb6a and 102
were prepared in a similar manner and heated to ZOQ°C. The
prodgct obtained after 344 h contained ca. 45% 103, 5% 102,
. 8% 117a and 42% ll6a. With‘the efficfent isomerization of
102 to 103, the low yield of 11l7a cannot be attributed to

reduced base strength because of the presence of: water.

]

4
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. o TABLE 11.1: Composition of the neutral product from
homoenolization (185°C) of 11lba if)
Temperature . A Time "Product (%)4&
(°cy - ‘ (h) ‘ . 116a 117a
185 , ~ 60.5 93 7
©192.0 | 86 14
' 256.0 . 83 .17
200 246.0 , gob 20
344.0 . gsb 17

4Relative proportions were determined from the L3cmr spectra
3. 10%. : . ‘

bpetermined from treating a 1:1 mixture of 102 and ll6a.
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Therefore these data indicate that the 83:17 mixturé of :

l16a and 1ll7a represents the equilibrium value.

™

Eleven signals in the 13cmr spectfum of the

neutral product derived from treating 1ll6a w1k5¢

t-BuO™ /t~BuOH (185°C) for 2é6 h, were due to ketone 1l7a:

CH3, 24.3, 27.7, 29.2, 34.6; CHy, 35.6, 41.4; CH, 50.9,
58.1; C, 38.2, 49.0 and C=0,A223.7, which were assigned as
sho?n ;n Pigure 11.5. ) ‘

< To confirm this structure and to develop a more
efficient synthesis 6f llfa, the behaviour of 116b under
strongly basic conditions was examined at 185°C for varylng
periods of time. The neufral préduct (guantitative
récovery) from-each tube was isolétqd by pentane extraction
and examined by l3émr. The spectrum gf the product from a
96 h run contained two sets of siénals in a ratio of 3:7,°
which were readily attributed to 116b and 117D,
respectively. éince neither thg,qeupral’bfoduct mixture
nor the corresponding LAH réduction products'cﬁuld be
resolved by gas—liquid or thin layer chromatography, the
«distribution of 1ll6b and 117b in the neutral fractioné was
determined by 13Cmr and the;e results are given in Table
11;2. From these data it is apparent that 117b reaches a
@axlmum concentration of - 70% in ca. 60 h.
To'confirm the equilibrium disfributlon of ll&b

and 117b, ketone 117b waé‘treated with t~BuO'/t—BQOH
(1.26 M) at 185°C for varying periods of time. The neutral
product (> 82% recovery) from each tube was isolated and

-
7
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TABLE 11.2: Composition of the neutral'product.from

/homoenolization (185°C) of 116b

1 .
Time ' Product (%)
(hy ' 116b  117b
5. | B 76 . 24
10 -+ 58 '; 42
18 , '/53 f‘v.| 47
90 o 30 ' 70
| 187 33 67

v
. .
: .

aRelati&E proportions were determined from the 13Cmr'sp§ctra

+ 10%. .
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'&na}yz@évin the manner described above. The cohpositions . -
- of theﬁhegtral fractions aze}given in Table 11.3, and show
‘ thatl“qt,equilibrium, 117b is favoured over 1lGb by a ‘
};”: facédr'bf‘approximately two. |
ot v . The behaviour of ketone 127 ungeg stfonély_basxc
conditions was also examined following the usual

T~ )

procedure. In contrast to 116a, lléb, and 117b, but not
uneépect@é}y, kééén;igzﬁ showed qo.reaction even after >

. 400, h at - 185°C. |

Having established that 116b and 117b are

interconvertible under strongly basic conditions, attention
was’ turned to the conversion of l17b » 1l7a. Hydrogenation
(54) of the product mixture from homosnolization of 11Gb

» (187 h at 185°C) furnished a 37:53 mixture (95% recovery)
of ketone 1l16a and an alcohol, 128 (3360 cm-1).  Thus,
hydxbgeﬁolyais of the spirocyclopropyl rings in l1lbb and
117b occurred as well as reduction of the carbonyl of li7b.

as shown in Scheme 11.4. The 13Cmr spectrum of’alcohol 128

contained eleven signals: CH3, 22.8, 29.2, 34.1, 34.9;

CHy, 34.%, 35.5; CH, 44.0, 59.5, 79.1 and C, 38.2, 49.0 and
the ﬁfoton spectrum displayed four‘methyi singiets at

/ﬁ . ' 6 1.03, 1.05, 1.11 and 1.22 with multipléts centréd at

5 0.90 (2H, m), 1.38 (1H, m), 1.60 (3H, m), 2.31 (1H, m)
and 3.74 (lH, bt J = 4.5 Hz). The.xatﬁqr signal was
readily attributed ?o:thb 2;proton and upon a¢dition'of P20
th}s patfern collapsed to a broédqud doublet:(J = &.5 Hz),
thq:eby-esfabliéhing that the hydroxyl group was in the

e « . - .
N - ., -,J" ) L3N ) R . N - !
A . - p

-
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TABLE 11.3:. Composition of the neutral product from
homoenolization (185°C) of 1l7b '

Time Product (%)®

- (h) : 117b 116b -
10 90 10
20 88 12
30 .77 23
43 '_ 70 - 30
108 70 7 30

.@Relative proportions were determined from the 13cmr spectra
- 10%. ‘

o
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endovppsitioq. A precise maés measurement showed tbe
mé&éghlar formula to be éi;ﬁzoo which in coﬁjunction with
the_l3c and lez~data.is‘consistent with structuté;lza.

| Treatment of 128 with PCC furnished ketone 1ll7a i
é?% yield.‘ [ts pfotdn spectrum contained six onerproton
m&lgiplets 'and three methyl singlets at & 1.14 (3H), 1.17

(ﬁﬁ' and 1.23 (6H). A one-proton eight-line patt@rﬁ at

0 1376 (J = 13.2, 5.8, 1.2 Hz) coupled toatwo ;ne—proton-
multiplets at & 2.52 (J = 5.8 Hz) and 8 1.83 (J = 1.2 Ha)
and a broadened doublet of doublets at 8 1.39 (J = 13.2,
lJB.Hz) weré readily ascribed to exo-H-6, H-1,\ H-4 and
;ndokﬂ—ﬁ, respecﬁively. The remaining coupling for
iemdo}ﬂ—s (J = 1.8 H;) was attributed to a loﬁg range~,'
w inéeractibn with the syn-7-proton at 8 1:.%4 (m). The
remaining multiplet at 8 2.00 was ascribed to the
anti-7-proton. These coupling interactions weré cénfirmgdi
By homonuclear decoupling experiments.. A precise mass
measurement showed the molecular formula to be C;3H31g80 and
its 13cmr spectr&l data were identical to those obtaiggd
for the homoenolate rearrangement product of 1llba. - Oﬁ_;pe;

basis of tﬁese_ ata, this ketone is ll?a% o

To confirm that ketones 116a and ll7a are’ inter- o

éohvextible under strongly basic conditions, 1i7a‘was.
tregted with t-BuO” /t-BuOH ét 185°C for 85 h. Ubon
work-up, it was establi%hed by 13cmr that the neutral
product (> 90% recovery) consisted of a - 1l:1 mixture of

1162 and 117a.

‘
oy
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(D) CONCLUSICYN -

with Ehe s;rbctgte of 1l7b confirmed by
independent synthesié,’tha conversion of 1li6k + 117b must
occur by dépro;onatidn at C-6 to yield the #-snolate 119,
which then suffers cleavage of the original C-1,2 bond to
generaté il7bﬂor returns to starting.mAterial. The
hydrogenation of 117b and éubgequept.oxidatioﬁ completed
the sy%thesis of ll7a{’ 1es 3¢ spgctral dat; cleariy

; ‘

showed that ketone 1ll7a is formed by homoenolization of

1l6a. This conclusion was confirmed by treating ll7a with

-t-BuQ~ /t~-BuOH at 1855C to furnish a mixture of 1l6a and

11l7a clearly demonstrating that these ketones are inter-
convertib;e via B8-enolate 1ll%a. Presumably, at
equilibrium, 1l6a is fav?ured because it is less strained.
The proddét £rom hémoenolization of 11l6a also clearly

establishe& that rearrangement via Y-enolate 118 is

insignificant.
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CRAPTER 12
-HOKDENOLIZATION OF 3,3-DIMETHYL-7-1SOPROPYL I D:ENIZ -~
BICYCLO[2.2.1]HEPTAN-2-CE
(A) INTECQUCTI%N
A 'sttlzdy by Stothers et al (72) of 3,3-dimethyl-
bicyclo{2.2.2]octan~2-one (13) and 3,3-dimethylbicyclo-
[2.2.2]oct-5-en-2~-one (A3>~13) in strongly basic media had
sh?wn that the [2.2.2] and‘[3.2.l] skeletons are inter-
convertible, as shown in Scheme-l12.1. From more detailed
'séudies (10,15j it was found that at equilibrium 52 was
favoured over 13 by a factér of 4, and the half-life fof &
equilibration was > 500 h at 185°C. In contrast,
equilibration of A5-13 and Az(A3)—52 (185°C) was attained
rapidly, with a half life of approximately 7 h, to yield a
8:48:44 mixture of A>-13, A%- and A3-52, respectively.
Clearly the introduction of the double bond into the
.[2.2.2] systgﬁ enhances its reactivity towards B-enolate
format ion agg subsequent réarrangement to the {3.2.1]
skeleton. In addition, the déuble bond tends to increase
the bias of the equilibrium towards the latter system;
Since homoenolate anions have synthetic utility it

was of interest to define more precisely the rate
accelerating efifct of a 8,Y double bond on the

isomer ization process in other polycyclic systems. For
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this purpose the behaviOuf of 3,3-dimethyl-7-isopropyl~
idenebicyclo[zfz.l]heptan—Z:one (129) under strongly'basic'
conditions was examined. By analogy with previ;us studies

of [2.2.1] systems (16), it was anticipated that B-proton
abstiaction could occur at C-6, resulting in the formation &
of 130 (Scheme 12.2), subsequent cleavage of which could
regenerate 129 or give 131. Both of these ketones could,

in principle, undergo isomerization of tp& double bond, to

, < '
yield a variety of isomers. '

(B) SYNTHESIS

| Ketone 129 Qas prepared from 7-isopropylidene-
bicyclo{2.2.1l}hept-5-en-2-one (71){ as shown in
Scheme 12.3. Since hydrogenation of 71 has been reported
(58) to occur at both éites of unsaﬁuration, it was
A anticipated that hydrogenation of the less hindered 5,6~
double bond in kétone 132 may be favoured. Hence, ketane
71 was methylated under kinetic control and the MH spectrum
6f the product clearly showed that exo-methylation had
occurred since H-3 (8 2.14), was coupled only’to the
3-methyl protons (J = 7.3 Hz), indicative éf its endo
orientation. Hydrogenation of 132 at atmospheric pressure
afforded 133 in quantitative yield which, upon treatment
with NaNHz—Et;b~MeI fu;nished the desired dimethylated
analog 129. ‘ |

Ketone 129 (1747 cm~l, cClg), CyipH180 (by precise

mass measurement), exhibited a ltmr spectrum having
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p;ominent methyl singlets at & 1.03, 1.07, 1.68 gnd 1.73

"

with multipflets at 8 3.06 (1H, dd J = 5.2,
(1H, dd J = 5.27 1.5 Hz) and complex sorptions at 8
1.76-1.92 (2H, m) and 6 1.50-1.68 (2H)\ m). Its 3cmr
spectrum had eleven signals (&g, CDC1 CH3, 20.0, 20.3,
20.6, 24.4;CH), 22.2, 24.9; CH, 48.1,
137.0 and.C=0, 219.7. These data are entirely.conSLStent
with structure 128 as shown in Figﬁre 12.1. A comparison
of the carbonyl shielding.for ketone llb6a (Oé 224.2, CDCl3)
and ;29 rev%gled that the latteg was shifted upfield by 4.5
ppm. Siﬁilar upfield shifts have been found for a;variegy
of B,Y unsaturated polycyclic ketones (73) and have been
attributed to homoconjugation.

s

(C) HOXOENOLIZATION EXPERIMENTS '
Following the usual procedure; ketone 129 was
dissolved in t-BuO " /t-BuOH (1.26 M) to furnigh a solution
0.26 M in 129. Aliquots of this solution were transferred
to glass tubes under nitrogen, sealed‘uﬁder vacuum, and
immersed in an oil bath at 1é5°c for varying periods of

time. Although the contents gf-eac o were dark brown

in colour upon removal from the oil; ath, the neutral
product, isolated by pentane extraction, repre;ented > 90%
recovery. Glc anal&sis of the neutral product showed that
ketone 129 and a new component 131, constituted >‘95% of
the product. The propo;tions of 129 and <131 in the neutral

fraction as a function of time are given Lﬁ Table 12.1,

m .

1.9; ¢, 50.8, 120.0,

a

)
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TABRLE 12.1:

Composition of the neutral product from
homoenolization (1852L) - of 129 )

221

Product (%)2

Time

(h) 129 131

8 45 55

25 20 80
3 " 44 7 93

398 ! 5 85

aDetermined by glc (FFAP) t 3%.

.
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showing that the amountlof l3l reaches 'a maximum'ef - 95%

-

after ca. 60 h. A sample of 131 was readily obtained by

.

preparative glc and the remalnlng mlnor components wefe not

~1nvest1gated: _:~‘ ‘ RRRTEN 'f S ‘ .
The ir speétru@‘ef-l3lepoq£aiheé-twe strong
'absorpﬁions at éQﬁévand(l753'c$‘l, and pieciSGAmass
measur ement . showed the. molecular formula to be Clelge
.Its 13Cmr spectrum had eleven slgnals (ﬁc, CDC13) CH3,_i

-

20:1, 2100, 21.8, 22.5: CHp, 32.1, 35747 ch, 50.4; 50.87 .
¢, 47.9, lé3.4, 131.4 and C=0, 222.9. Theseéehleldlngs
were readily assiénableﬁfe the bicyclic structure.l3l aé

. T
shown ln:Figure'léfz. A comparison of.the carbdnyl
shielding for 129 (b 219.7, CDCl3) with that for 131,
shows that,the l&tter is shif?ed upfield by 3.2 ppm, wgich ]
is. consigtent with reduced interaction with the Y.,8 double
bond (7%% The proton spectrum of l3l provided further
suppor% for the assigned structure. The two hlgheet field

sihglets at 8 0.%94 and lLlO were readily attributed to the

AN

3-methyl .groupd. The metol eignals of tﬁe isopropylidene °
substituent, deshielded by the double bond, absogbe& Et |
6 1.64 (br.s) and 6 1.73 (dd J = 1.7, 1.7 Hz) angd were '
cbupled to endo-H-6 and exo-H-6 which absorb at & 2.03 (bd
J - 16 Hz) and 2.43 (bd J - 16 Hz), respectively. Double
irradiation of the exo-H-6 absorption changed the pattern:
at 6‘2.73 (m), hence this multiplet was attriéuted to H-1.
Since irradiation of the broad singlet at o 2;22 cause& no

sigﬁﬁficant change in the absorption patterns for gxo- aﬁd.

»
@
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endo H- 6 or H 1, this s;gnal was- assxgned to H-4. The two

i

remalnlng signals at 6 1.80 (bd J = 10 Hz) an&\ﬁ 2.09

(bd J - 10 Hz)’were attrlbuted to the syn and anti

7-protons. - .

On the baszs of these data, structure 131 was

-

’ o . .

- assigned o, hzs ketone

(D) _DISCUSSION
I 3The'relatively:smoéth conversion of 128 s 131

shows that iSOmer§zatiéh of the double bond in’Eﬁa starting

material and product was Lnszgnlfzcant From the’results

of Table 12.1, the pﬁeudo fxrst order rage constant for the

transformat ion of 129 » 131 waq estimated to be 2 x 107 > _
» ) . ~ - ) ' (’
sec™d; a compar ison of the rabe of conversion of‘ll&&-% - e

' ll?a (4 x 1077 eec“l) clearly indxca&as that thé double

\,

ﬂbond of 129 xncreases the rata'éf 1somerxzatxon by a facéor

'Jof IQO;. A& equxlxbrlum 131 1s favoured presumably because

’

o ¥
AR 0 . 'VJJ

. P

 of reduced straxn.
These flndxngs are similar to those for ketones 13

and A5 13 demonstratzng*clearly that A properiy or;entated’“

8, Y double pond can signlficantly enhance ‘both the r&te of

appearance and’ the yxeld bf rearranged product obtalned by

1

homoenollzation., T : .
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CHAPTER 13 -

EXPERIMENTAL

(A) GENERAL

-/

Mélﬁing points and boiling points are

" uncorrected.. Gas 11qu1d chromatography was carried out on

. [

Varxan 920 and 3700 1nstruments, usxng columns of 10%
_Carbowax 20 M (16*'x %), 6L FFAP (18' x £°), 10%_53—30
(gt x &%g on Chromosorb W. .as indicated. Thin layer

'chromatography was done .on Klesel gel 60 F254 plates and

-

»flash chromatography columns were prepared as descrlbed in
the llterature (87). Tetrahydrofuran (THF) and diethyl
‘ether were dried over Na/benzdphenoné and freshly distilled
before‘ase. : » |
Diisopropyl amine,.triethyl~aminé, L-butyl alcohpi

. . o]
- and pyridine were distilled from CaH) onto 4 A sieves;

L - © .
methyl iodide was dried-over 4 A sieves. Pentane and

cyclopentadiene were_freshly diatilled'before use.

. ]nf}area‘sbectra were recorded with a Beckmann '

4250 instrument and mass spectra were obtained on a Varian

MAT-311A system at 70 ev (direct inlet).

(B) ISR SPECTRA
Rout ine 1Hmr.spectra were recorded with either
Varian T-60 or EM-360 instruments while data for pure

4

b




samples were collecfed with a Varian XL-200 or 300
instrument; 13¢ and 2Hmr Qere also ob£$ined on thé latter
two instruments. Chemicai shifts for ler_spectra were
obtained usiﬁg~CDCl3 or Cghg solutions (ca. 10% w/v) with
TMS as internal reference. The 13Cmr spectra were mea;ured
in CDCl3 or CgDg solutions and shieldings were measured
relative to TMS or the central line of the CDClxy or Cgbg
triplets, respectively. A comparison of the fally
decoupled 13@ spectra with those obtained either with the
INEPT (88), APT (89) or DEPT (90) sequences identified the
methyl, methylene, mefhigg and quaternary carbén signals.
iThe lD~INADEQUATE spectra §55).weye obtained with‘the

C13SAT pulse sequence of the XL softwgre.

(C) EXPERIMENTAL FOR CHAPTER 2

Commercial camphor, norcamphor and tricyclo-
.[5.2.1.02'6]decén—8—one were employed-fér thése étﬁ&{es
wi%hout further'purificatio;:. The preparations of . ’
bicyclotzl2.2]octan~2~one, bicyélo{é.2.2]oct—5—en~2~one,

nopinone and tficyclo{5.3.1.02r5]undecan~8-one havé been

described (10, 72, 74, B5).

Synthesié'of'bicycié[3.2.1]octan—6~one (2§l

A five—staée ;ynthgsis was used to obtain this
compound (Scheme é.&)(. Fgllowing tﬁaﬁprocedure §f LaPrade
ang aséociates {(75) norbérnad@ene was reacted with the'
éibromocarbene to yield ﬁainiy exo-3,4-dibromobicyclo~-

<

?



[3.2.l}qctadiéne along with smaller amounts of the. endo -
epimer and exo-3,6-dibromotricyclo(3.2.1.02:7joct-3-ene.
The norﬁkrnadiene adducts were then treated with LAH to

furnish 3—brdmo~bicyclo[3.i.l]octadiene (25% overall yield).

3—Bromobicyclo[3.Z.Llpct~2—ep—67yl‘formatq

A modification of the procedure.of Wiberg and Hess
(76) was used. The 3—bromobicyclo[3:2.l]oct;@iene-
(43.8 g, 2.38 x 107! mol) was added to a 88% formic acid
~sclu£ioﬁ (290\mL).and the mixture was stirred for 5 daysi
The mixture was then diluted.with Hz0 (400 mL) and
neutralized Q;;h sodiﬁm bicarbonété. ‘The product was
extracted with Et30 (2 x 100 -mL) and the combined egtracts

were washed with HyO and dried over NaySOs. Removal of the

solvent gave the desired bromoformate (51 g) in 93% yield.

Bicyclo{3.2.1loctan-6-01

To a solution of 3¢brompbiéyclo[3.2.l];
oqt~2-en¥6~y1 formate (20 g, 8.7 x 102 mol) in iHF (75 mL)
. and 2 M aqueous NaOH solution (§3 mL)‘was added 5% Pd on '
Ch;rcoai (3.70 g) and the mixfure hydrogena%ed in a Parr
shaker (50 psi Hy pressure) for 25 h. After filtérihg and
diluting tﬁe mixture with H»0 (100 mL),¢ige product was
extracted with pentane and the combined extracts dried 5ver

Na3S504. Removal of the solvent gave exo-bicyclof3.2.1]-

~octan-6-o0l (%.0'g, 7.1 x 10"2 mol) in 82% yield, which was

A

14-
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pure by glb (FFAP) ; 13cmr shieldings agreed with reported

values (61).

Bicyclo[3.2.l]loctan-6-one (29)

oxidat ion of exo-bicyclo[3.2.1Joctan-6-01 (6.3 g,
5.0 x 1072 mol) with sodium dichromate/H3S04 in ether
according té Brown et al (procedﬁre B, 40), gave 29 (3.3 g,
63% yield) which exhibited thelsamé ir (vmay (film): 1740
cm=1) and 13Cmr spectra as those reported (33).

Preparation of 26-dy, 28-dy, 29-dy and 31-dj

A modification of thé procedure of Hunter et al.
(77) was used to prepare 31-dy. To a mixture of anhydrous
potassium carbonate (0.02 g) and D0 (2.00 mL) was added 31
(0.50 g, 4.1 x 1073 mol) and the mixture was refluxed.under
a nittogeﬁ atmosphere for i? h. The'proddct was then
extracted with pentané (3 x 12 mL) and the combined
‘extracts dried.over NapS04._, After removal of the solvent,
éublimaﬁion gave 0.46 g of 31-d; (91% recovery) and the

13cmr spectrum of this.produét indicated almost complete

-

exchange of the a-methylene hydrogens. -~

Y

A j
Following the same procedure, 26 (5.80 g, 4.54 éx
10”2 mol) was treated with D30 (22.70 mi) and anhydrous
potassium c;rbonate (2.70 g), at’ reflux for 18°'h. After an
additional cycle the 13cmr spectrum of the product (4.27 g,

84%), recovered by pentane extraction, indicated almost

_éompléte exchange of the a-methylene hydrogens.

L
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. Deuteration of 28 (4.00 g, 2.67 'x‘lO'Z 'mol) v;as
accomplished by treaﬁment with 1.20 g anhyd£¢h§/56féssium
carbonate and 12 mL D30 for four cycles of 10%, 394, 158
and 83 :h at reflux. ThisAgave 28-dy (2.10 g, 52%), and
bas;d.upoﬁ its 13cmr spectrum, almost complete eéxchange of
the a;methylene hydrogens had 6ccurred.

Ketone 28 (2.00 g, 2.02 x 104 mol) was initially
tréated with 'a mixture of anhydrous potassium carbonate
(2.5 g) and D0 (25 mL) at reflux for 12 h, which yielded
2.00 g of 29-dx. The l3Cmr‘spectrum of 29-dy indicated ca.

50% exchange of the a-methylene hydrogens. Hence, a

" solution of 29-dy (2.00 g) in dioxane. (4 mL) was added to a

1 M NaOD-Dz0 solution (25 mL) and refluxed under nitrogen
for 16 h. The product was extracted with pentane (3 x 25
ml) and the combidpd extracts were washed with Hz0 (2 x 20
ml) before drying over NaySO4: Remgval of the salvent gave
2%-dz (1.50 g, 74%) and its 13cmr spectrum showed_almosf

complete exchange of a-methylene hydrogens .

General Procedure Emploved for the Synthesis of Silyl Enol
Ethers : ’

Fréshly distilled THF and diisopropylamine were
added to a flame dried-flask, equipped'with &agnetic stir
bér, serum caps and under a nitrogeq atmosphere, and cooled
Lo ~-78°C. Upon the addition of n-butyllithium in n-hexane

via syringe, the mixture was stirred for 30-45 min before

dropwise addition of a solution of the ketone in THF.
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While stirring was continued for an additional
30—45l?in. a quenchigg-solution consisting of chloro-.
trgmethylsilane, triethylamine and THF was prepared in a
flame-dr ied, nitrogen-purged centrifuge tube. Tie
precipitaée waé removed by centrifuéation and the clear
colorless liquid was added by syringe to thé enolate
soiution, The reaction mixture was then stirréd at -78°C
for albrief period of time and then allowed to warm to room
temperature. After stirring for an additional 0.5-3 h, the
‘mixture was treated in either‘of two'waysz '(Procedufe,A)
the addition_of a cold (0°C) saturated aqueous NapCO3
solqtion or (Procedure B) the solution was cooled to 0°C,
and with vigorous stirring, a cold (0°C) saturatengaueous
NayC03 was added. The product was isolat;d by, pentane
extraction and purified by Kugelrohr distlllation._

Compoynds 25a, 2%a, 30a, 3la and 32a were obtained
following procedure A, while the remaining sil&l enol
ethers were recovered using procedure B. The purity of
each produc? was usually > 90%, as determined by glc (FFAP)
for all compounds excépt 27 ;nd 28 which are unstable to

glc conditions and hence, their purity was assessed by

their 13cmy spectra.

Physical data for silyl enol ethers 25&-32a:_

25a: b.p. 110-115°C/10 Torr (lit. (28) 74.5-75.5°C/1.9
Torr); 1ir (film): "3092, 2962, 1622, 1330, 1252, 890,

848 cm~1; 13cmr (CgDg) 8c: 160.8 (C), 103.2 (CH),

A
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26a:

27a:.

28a:

30a:

54.9 (C), 53.7 (C), 49.9 (CH), 31.8 (CHp), 27.9

(CH2), 20.3 (Me), 20.0 (Me), 10.3 (Me), 0.0 (SiMej3).

b.p. 85-90°C/10 Torr; ir (film): 3080, 2958, 1605,

1334, 1225, 848 cm™+; L3cmr (CgDg) 8c: 161.5 (C),
105.0 (CH), 47.2 (CHp), 45.9 (CH), 41.4 (CH), 28.2
(CH2), 24.8 (CHp), -0.1 (SiMe3).

b.p. 92-94°C/0.4 Torr; ir (film): 3080, 2950, 1610,
1245, 835 cm~L; 13cmr (CgDg) shieldings agreed with
literature. values (27). ,’ ) | .
b.p. 85-90°C/0.2 Torr; ir (film): 3059, 2950, 1660,
1246, 1181, 839 cm 1; 13cmr (CgDg) ac:/ 158.0 (C),
97.3 (CH), 54.2 (CH), 50.1 (CH), 46.7 (CH), 40.5
(CH), 35.0 (CHp), 332£ (CH), 33.1 (CH2), 30.3 (CHp),
28.6 (CH2), 0.6 (SiMe3); lHmr (ésnﬁ) 8: 4.49 (1lH,’

m), 2.95 (l1H, dd J = 12.2, 8.0 Hz), l.46—2.32/(lOH,

it

“m), 0.80-1.30 (3H, m), 0.2 (Si(Me)3). Exact mass

Ay

. calcd. for Cjg4HJ40Si: 236.1596; found: 236.1594.

b.p. 110-115°C/15 Torr; ir (£ilm): 3070, 2940,
1622, 882 cm~l; 13cmr (CgDg) Bc: 157.1 (C), 101.9
(CH), 44.1 (CHy), 42.6 (CH), 38.0 (CH), 26.9 (CH>),

24.6 (CHp), 19.4 (CHp), 0.2 (SiMe3). . 1

b.p: 95-105°C/10 Torr (lit. (29) 5°C/8 Torr (29)); ir

(film): 3040, 2938, 1646, 1255, 870, 835 cm~l; 13cmr

(CgDg) Bc: ugi.q (C), 95.5 (CH), 48.4 (CH), 41.2
(CH), 38.7 (C)\ 31.5 (CHp), 28.2 (CHp) 26.2 (CH3),

21.2 (CH3), 0.4 (SiMe3). Exact mass calcd for

Cy12H2208i: 210.1440; found: 210.1441.

230
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31a: b.p. 60-84°C/17 Torr; ir (£ilm): 3054, 295§, 1657,
0 1250, 1190, 842 cm*l;'l3Cmr (CgDg): 156.3 (C), 136.0

(CH), 132.9 (CH), 105.3 (CH), 42.4 (CH), 36.0 (CH),
25.8 (CHp), 24.8 (CHp), 0.0 (SiMe3)P . .
32a: b.p. 64°C/17 Torr; ir (£ilm): 3044, 2926, 1642, |

1248, 1200, 914, 858 cm1; 13cnf (CgDg) 6c: 159.9

(C), 105.1 (CH), 36.0 (CH), 30.4 (CH), 27.3

(CHz x 2), 26.4 (CHp x 2), 0.2 (SiMe3).

The silyl enol ethers were then t}agted~with the

Simmons-Smith reagent without further purification.

Preparation of the Zinc-Silver Couple

To a hot, stirred solution of glacial acetic acid
'(100 mi.) and silver acetate (100 mg) was added granular Zn
(17 g) and the resulting mixture was stirred for 30 sec.
The‘Zn-Ag couple formed was isolated by decantation aﬁd
washed with anhydrou?'diethyl ether (5 x 100 mL). The
Zn-Ag couple was then placed in a round @ottom‘flask,
evacuated overnight and séored in a dark place.

L

cicloprqunation of 26a

A modification of the procedure of Conia et al.
(26) was used 10 cyclopropanate 26a. To a fiask fitted
with a reflux condenser, nitrogen purge #nd magnetic
stirrer was added zinc-silver couple (3.54 g, 5.41 x 1072 v
mol) and the apparatus was then flame dried. After

cooling, methylene iodide (2.38 g, 2.95 x 1072 mol) in

(4
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anhydrous ether (10 mL) was added and the mixture warmed

until refluxing occurred without external heating. Upon
cessation of reflux a s?yétion of 26a (2.99 g, 1.64 x 1072
mol) in Et30 (35 mL) waé added and this mixture was
refluxed for 25.5 h. After cooling to 0°C a pyridine-ether.
solution (ca. 1l:1) was added till no further precipitation
occurred. The resulting precipitate wgs.removed by
filtration and washed with Egzo. After removal of solvent
from-the filtrate, the residue as taken up in pentane;
further filtration was required t; remove the last traces
of precipitate. The solvent was then removed and the
product (2.10 g, 65%) was isolated by Kugelrohr
dfétillation (110-115°C/15 Torr), which glc (FFAP)
indicated to contain traces (( 4%) of two impurities. An
analytical sample (prep glc) was collected for
charagterization; ir (film): 3085, 2980, 1340, 1245, 83%
cmt: 13Cmr: see Table 2.1.
Following the séﬁe general procedure compounds 27a

(rxn time = 25.5 h), .28a (17 h), 2%a (18 h), 30a
(22.5 h x 2) and 32a (6 h) were cyclopropanated. For 3la
(24 h) the molar eéuivalents of Zn/Ag couple and methylene
icdidé wéreoreduced to 2.0 and‘l.3 equivalents,
respectively. ,The physical properties of 27b-32b folloQ.
27b: S.p. 56~58°C/0.3 Torr, 80% reco?ery (> 96% pure); ir

(£1lm): 3060, 2940,.1250, 833 cm-l; 13cmr: see

Tablelz.l). Exact mass calcd €g?téi%H24OSi=

236.1596; found: 236.1601. ﬁ@

s . 5
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28b: (product was I'solated 5& removélAqg pentanq énd
cozlected by preparative glc). 76% racovery, ca. 50%
pure; ir (CClg): 3010, 2960, 1195, 830 cm~1; 13cmr
see text. Exact Tfss calcd for C)gHpg0Si: '~ 250.1753;
found: 250.1759.
2%: b.p. 130-135°C/15 Torr, 74% recovery (> 93% pure); 1ir
(£ilm): 3070, 2955, 1254, 879, 840 cm~l; 13Cmr» see
‘Table 2.1.
§0b: b.p. 75-80°C/2 Torr, 65% recovefy (pure by glc
(PPAP)) (cycloproPanation of 30a required two
cycles); ir (film): 3078, 2920, 1239, 1186, 838
cm~1; 13cmr: see text. Exact mass palcé for
C33H240S1: 224.1596; found: 2%4.1591.
3lb: b.p. 75—86‘C/5.Torr; 98% recovery (> 93% pure);. ir
(f1lm): 3050, 3008, 2950, 1255, 1198, 841 cﬁ"l:
13cmr: see text. |
32b: b.p. 75-80°C/15 Torr, 56% recovery (> 93% pure) 1ir
(film): 3078, 2944, 1250, 1195, 840 cm-l; 13cmr:

e

‘see Table 2.1.

Preparation of Cyclopropanols

- 'To a solution composed of 10% 0.1 M aqueous Hél
andvgbﬁ THF was added the cyclopropyl silyl ether and the
mixturé was stirvred at room ﬁemperature for 0.5-3 h. The
THF was then removed under réduced pressure and the residue

%X

‘was taken up infpentane and dried over NaSO4 (or MgSOg).

Removal of the pentane yielded the corresponding




a

‘cyclopropanol. Following this‘procedpre compounds 206b, 29%b,
30b and 31b were qpnverted to 26c, 29c, 30c and 3ic |
respectively, which wiﬁh:the exception of §Qc ﬁad been -
previously reported (25’. | & .
30c: m.p. 92-95°C (récrystaLlized from pentane-methanol): .
ir (CClg): 3610, 3079, 2918, 1185 cml; 13Cmr‘(C5D6)
Bc: 59.8 (C), 46.9 (CH), 42.0 (CH), 40.9 (C), 28.7
(CHy), 26.8 -(CHp), 26.5 (CH3), 21.2 (CH3), 20.1
(CH2), 17.1 (CH). Exact méss calcd for CypgH1g0:

152.1196; found: 152.1201.

Homoketonization of 26¢

To a l.%6 M t—BuOK/t;BuOﬂ solution (10 mL) was
added 26c (24 mg, 1.9 x 1074 mol) and the mixture was
stirred for 0.5 h at room temperature; After dilution of
the mixture with H20 (15 mi), the ketoﬁic producte were
extracted with pentané (3 x 20 mL) and the combined
extracts dried over MgSO4. Retoval of the solvent gave an
oil (20 mg, 83%) which glc (FFAP) indicated was a mixture
of 264 (l%)-and 26e (99%).q Thls'érocedure was repeated
twice more and the average results are reported in
Table 2.3. Following the same gene;al procedure 26c was

‘treated'with ref luxing t-BuOK/t~-BuOH for 5 min and these

results are also reported in Table 4.3 (recovery > 79%).

T

L
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Homoketonization of 30c¢

* To a 1.26 M solution of t-BuBK/t~BuOH‘(9 ml) was

. added 30c (60 mg, 3.9 x 1074 molj and thé mixture was
stirred (at room temperature) for 2 hj After dilution of
Lthe solution with Hz0, the product was extracted with
pentane as déécribed'above. Removal of the solvent gave an
01l (50 mg, 83%) which by glc (FFAP) and 13cmr (78) was
shown to-be a ca. 5:1 mixture of trans- and—

cis-3-methylnopinone. v

Y

Homoketonlzation'of 3lc

A solution of 3lc in ether wgs added to a 1 M
CH3ONa/CH30H solution at (A) room temperature, (B,-0°C),
aﬁd the mixture was stirred (A) errnlght (B 30 h).' After
dilution of the_mixtpre with HZO the ketonic productg weré
extracted with ether éqd dried ovér N§2504. After removal
of the soivent'the product coﬁpositlon was‘dgtermlﬁed by
glc analysis (FFAPB. Homoketonizatlon of 3;& was also
accomplished using 1 M t*BuOK/f—BuOH at ‘reflux following

the procedure described above (recovery > 73%). These

results are collected in Table 2.3.

General Procedure Emploved for Base-Catalyzed Cleavage of
Cyclopropyl Silyl Ethers

.To a 3 M methanolic NaOH solution (1.5-6.0 mL) was
added the cyclopropyl silyl ether'(ca: 20 mg, gic
collééted) and the mixture was allowed to stir ovepnlght at

' room temperature before the add:ition of agqueous 10% NaCl



solution. The ketonic products were extracted with penténe
and the combined extracts were washed with an aqueoﬁs_le%
NaCl solution and with H20 before drying over NajSO4 (or’
-18S04) .. The solvent was removed by evaporation\gnd the

product composition was determineé,by glc (FPAP) and 13¢ .

NMR. The results from homoltetonization (recovefy > 82%) of

26b-30b and 32b are collected in Table 2.4 (the proddct
ébmpositions listed are the average values from two or

three runs).

Base-catalyzed cleavage of 27b and 29 'at 0°C was -

also examined, by treating the cyclopropyl silyl ethers
with a pre-cooled (0°C) 3 M methanolic NaOH solution for -
22-36 h. _The products were fecovgred and analyzed in the

- - \_——
same manner described above (recovery > 80%). Compounds
26b, 27b and 29b were treated with a 1 M KOH/t-BuOH
solutxon at reflux for 0.5-2 h and the ketonlc products
were xsolated by pentane extraction (recovery wvas

guantitative) and analyZQG by glc. These results are also

summar ized in'TabLe 2.4.

Preparation of 26b-d), 27b-d}, 29b-d] and 3lb-d;

The silyl enol ethers Zéa~d1, 27a-d1 and 3la-dj
were prepared fodlowing the same general pfocedure employed
for -25%a (1i. e. 1. 6 molar equivalents of LDA), while for
2%a-d} 1.5 molar equxvalents of LDA were used. Treatment
of 26a-dj, ‘27a-d}, 2%9a-d) and 3la- d1 thh ‘the Simmons- Smxth

o

reagent (Zn/&g couple, CHpI12) gave the corresponding
k3 : . %

7 .
:‘/, ) . .
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cycloprogyl silyl ethers 26b-dj, 27b-dj, 29b-di, and

31b;di, reSpectivély.

Preparation of 26e-dy, 27e-dj, 2%c-d} and 31@~d1'

A-1 M KOD/t-BuOD solution (1.60 mL) was added to
. é?b (100 mg, 4.2 x 10-4 mol) and the mixture was stirred
under a nitrogen atmospheré for 23 h. After the addition
of D20 (4 ML) the product was extracted with pentane (4 ¥ 6
ml.) and the combined extracis were washed with agueous 10%
NaCl solu£ion (2 x 10 mL) #n& with H20 (10 mLl) pffore
dfyiﬁg over MgSO4. Removal of the solvent gave an oil (67
mg), which by glc anal;sis (FFAP) was > 76% 27o-d3; ms:
17.6% dg, 40.3% dj, 33.6% dgs 8.3% d3 (total 1.33 atoms
ZH/molecule). This material was treated with 3 M
methanoiic NaOH solution (1.60 mL) and allowed t? stand
with stirring overnight. After the’addition of H20*(4 mL)
the product was extracted with pentane as described for

27e~-d3. Rémoval of the sol&ent.gave an oil (67 mg) and an

analytical sample (prép glé) of 27e-d was col}ected for '
characterization;'szt (QHC13Y'5:1.67; ms; 28;5% dg, 68.7%
dj, 2.8% dy (total 0.74 at§m§ 2H/molecule). )

| Following an analogous sequenc; 26b (0.32 g) was
treated with KbD/t—BuOD (1 M, 6 mL) overnight. The
deuterated product (Q.20 g) was recovered as described
above and then treated with methanolic NaOH solutioén (3 M,

6 mL) overnight. The usual workip pfocedure‘gavé 260-dy;

o L]




1

2Hmr (CHCl3) 8:- -1.70; ms: 50.9% dg, 49.5% dj (total 0.50
_atoms 2H/molecule). q C
fThéICQC;opropyl silyl ethers 29 (50 mg)and 3ib

(55 mg) were treaéed with a 1 N NaOD/MeOb,solution (6 mlL
ang 5 mL,‘resp§ctivély) ovérnight. The deuterated ketonic
pfoducts were isolated by pent;ne extraction and then
treated with 3 M methanolic NaOH -solution overmight. After
the usual workup, preparative gic (FFAP) afforded 2%e-dy;
2Hmr (CHCl3) 8: 2.06; ms: 3.2% dg, 92.2% di, 4,5% da
(total 1.01 at;ms 2)/molecule) and 51@1d1; 2Hmr (CHCl3) 6:
1.91; ms: 4.2% dg, 95.1% d1, 0.6% dz'(total 0.96 atoms
.ZH/molecule).

v

~The 13C data for 26e-d}, 27e-dj, 2%e¢-d) and 3le-d)

A}
are collected in Figure -2.5.

»

Base-Catalyzed Cleavage of'26b~d1, 27b—-d), 2%-d} and 3lb-d;

A 3 M methanolic NaOH solution (7 mL) . was added to
26b-d1.(45 mg, 2.3 x 1073 mol) and thé mixture Qas stirred
overnight at room ;eﬁperature- After the addition of H0
(7 mL), the product was e#tracted with pentane (3 x 15 mL)
and the combined extracts were washeq with H20 (2 x 15 mL)
‘before drying over MgSOg4. Removal of the solvent by
evaporation gave an oil (28 mg, 98% recovery) which by glc
was > 99% blcyclo[3.2.l}octan«2—oﬁé, a sample of.26e-d1*

\ X

was collected by preparative glc; zﬂm} (CHCl3)0: 11.78;
N .

me: 3.2% dg, 97.6% d] (total 0.98 atoms 2H/molecule).

2

g
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The cyclobropyl silyl ether'29b-dl (0.22 g) was
treated overnight with a 3 M methaﬁoiic’NaOH solution (50
mL) and the usua;.workup gav; 2%c-d) *: fzﬂmr (CHCl3) 8:
1.79; ms: 1.2% dg, 96.7% d] (total o.9§ atoms 2H/molecule) .

' Treatment of.27b-d1 (48 mg}»@ﬁd 3lb-d] (120 mg)

with 3 M methanolic NaOH solution 29.8 mL and 29 ml, '
respectively) for 30 min, gave, aftey the uaua&hwozkup.
276-dy*; 2Hmr (CHCl3) &: 1.83; ms: 5.4%, 93.2% d} (total
0.93 atoms 2H/molecule and "3le-d1*; 2Hmr (CHCl3) w: ~1.76;
ms: 8.7% dg. 91.2% d) (total 0.91'atoms 2H/molecule).

For the 13C data for 56@451“,%27;~d1“,,zgé—qlﬂ and

B 3le-d)* see Pigure 2.6.

~

o
(D) BEXPERIMENTAL POR CHAPTER 3 £

Norbornenone (37)

| After dropwise addition of a-chloroacrylonitrile .
(8.9 g, 0:1 mol) to freshly distilled cyblopenta@iene (8.3
g, O.lZS’mol) in benzene. . (17 mL), the solution was stirred
at 45°C for 36 h, undeY a nitrogen atmosphere;
Distillation ga#e 2*ch10r072~cyanobicyclo(2.2.l}hept—s—ene
(15.1 g, Qg%), bp 58-61°C/1.5 Tofr; ir (fi1lm): 3178, 2985,

- 2235, 1330 em~1; 13cmr (CDC13) major epimer bc: ~139.3

(CH), 131.7 (CH), 121.2 (~CaN), 56.4 (C), 55.2 (CH), 48.3
(CHp), 45.5 (cué), 42.7 (CH); minor epimer Bo: 142.0 (CH),
132.3 (CH), 120.6 (-CoN), 56.4 (C), 55.9 (CH), 46.8 (CHp),
46.7 (CHp), 42.4 (CH). The total product was dissolved in

DMSO (88 mL) and a solution of KOH (16.5 g) in water (5.6
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ml) was added with stirring. After 30 h, a saturated =
aqueous solutién of NaCl (88 mL) was added, and the product
extracted with pentane (4 x 50 mL). The combined extracts
were washed with saturated salt solution until the washings
were- neutral, fhen once with water. The organic layer was
dried (MgSO4) and the solvent evaporated to.give 8.7 é df‘
product containing (g8lc) norbornenone (86%) and starfihg

material (lzgy. Preparative gl¢ (PPAP) furnished pure 37

as determinéd by glc and Lcmr (42).

Preparation of 37-dp

To a 0.5 N NaOD-D0 solution (32 mL) was added 37
(2 g8), in pentane (1 mL) and the m%xture wés‘reflﬁxed fpr
9.5 h.. Pentane extraction as described above gave 37-dz
(1.1 g): ms: 27.5% d;, 66.7% d (total 1.60 atoms

2H/molecule).

Preparation of 40

The trimethylsilyl enol ether 40 was obtained from
the correspoﬁdlnégketone (0.76 8, 7.0 x 10”3 mol) using LDA
. (diisopropylamine (1.40 mL, 1.0 x 10°2 mol), n-BuLi (7.80 x
103 mol) in n-hexane (3.70 mL), THF (8 mL)i and trimethyl-
silyl chloride (1.30 mL, 1.02 x 10~3 mol), triethylamine
(0.50 mL, 3.6 x 1073 mol) and THF (3 mL) as descr ibed
previously. TheAproduct wéé 180lated fol}owlng‘procedure A
and Kugelrohr distillation (30-35°C/5 Torr) gave 40 (1.00

g, 79%);-the 13cmr-and ir data are described in the text.

e




< 241

>

Preparation of 4{a

The triﬁethylsxlyl enol e;her 40 i0:99 g,'S.S X
10-3 mol) was treated with the Simmons—Smithergagent (Zn-Ag
couple (1.20 g, 1.84 x ;0“2 mol), methylene;iodide (0.76
mL, 9.4 x 1073 mol), Eézol(ls mL)) for 19 h. The usual
workup gave 44a (1.06 g, égi),'which glc (FFAP) indicated
to contain traces (¢ 2%) Sf two impuritxes;uir (film): .
3038, 2960, 1250 cm~L; lumr (CgDg) 8: -2.06 (1H, br, dd, J
= 12.2, 4.5 Hz), 1.88-1.98 (2H, m), 1.63-1.78 (&4H, m).,
1.02-1.20 (2K, m), 0.20 (Me3Si): 13cmr (see text). Exact
mass calcd for C3jH}g0Si: -194.1127; found: 194.1127ﬂ

Repetition of the sequence, norbornenone » 40 »
44a with 37-d; afforded {4a-dj, ms: éq% dg, 80% d) (total
0.80 atoms 2H/molecule). f

Homoketonization of é&la

Treatment of 44a (0.550 g, 2.84 x-10"3 mol) with
3 M methanolic NaOH solution (28 mL) for 20 min at room
tempera?ure gave after the usual wbrkup 45 (0.333 g, 2.72 x
10°3 mol), which glc (FPAP) indicated to be > 95% pure: .ir
(film): 3040, 2922,'1727 cm™l. Exact mass calcd for
CgH1gO: 122.0732; found: 122.0735.

Ketone 45 gave a 2,4~din1trophenyih9drazone, mp
191-192°C (1lit. (48a) mp 192.5~-193°C; (§8b) mp 190-180.5°C;

(48c) mp 194.5-195°C. Exact mass calcd for CjgH1404Ng:

302.1016; found: 302.1017.
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Preparation of 45-dy

A sample of 44a (200 mg) was placed 1n 2 M
t~BuO~/t-BuOD (10 mlL) and the solution stirred at room
Lempérature for 3 h. After quenching with water (10 mL), . .

and purified by glc to give 45-dy, ms: 71.3% di 17.3% d), -

the ketone was extracted with pentane as described above

2.1% dj3 (fotal 1.12 2H/molec;Jle).

A sample of 44a-dj (total 0.80 atéms “H/molecule),
prepared as described above, waé.homoketonlzed in a similar
fashion with an extended reacfion tlhe (11.5 h) to furnish

45-dy ms: 19.1% dy, 40.9% dp, 27.3% d3, 7.8% d4 (total 2.14

atoms ZH/molecule).

chlqprqpanétlpn of 40 with a Zn/CQ Couple

To a flask fitted with a reflux cb;denser,
nitrogen purge'and magnetic stirrer was added the
zinc~copper couple (79) (0.20 g, 3.1 x 1073 mol) and 8 mbL
of ether. A cfystal of iodine was added, and the @ixture
was stirred UnEil the brown color disappeared. Methylene
Jodide (0.24 mL, 3.0 x 1073 mol), and a solution of 40
(0.50 g, 2.8 x 10" 3 mol) "in Et»0 (2 mL) was then added and
this mixture was }efluxed'for 15 h with stirring. The'same‘
workup employed with the Zn-Ag cyclopropanation reaction
gave‘;n oil (0.20 éi; glc analysis (FFAP) indicated the
préduct to be ca. 72% pure. An analytical sample (prep. . '

glc) was collected and its 13Cmr spectrum confirmed the

formation of 44a. -
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The reaction with the same ratio of reagents as
employed for the. zinc-silver cyclopropanation afforded {4a,

L

adtneugh 1n lower yield. '

(B) EXPERIMENTAL POR CHAPTER 4 \\@

General Procedure for c,ae-dimethylation of Ketones.

To a fiamé~drxed, nltrogen'purged flask fitted
with reflux condenser and magnetic stirrer wés added sodium
amide and a solution of ketone 1in anh;d;ous Et20, and fhis
mixture waswref luxed fér 2-4 h. Methyl 1odide was then
'added and refluxing was continued for ca. 9-30 h, during
which-time further additions of methyl iodide were made.
The reaction was then cooled to,0°C and water was slowly.
added. After decanting the organic phase, the agueous
phase was extracted'with pentane and the cémbined organic
fractions were washed with H20. The washings were
reextracted with pentane and the combined extracts dried
over MéSOq bé?ore removal of the\sblant by evaporation.

¥>\

Preparation of 47

A mixture of sodium amide (0.39 g, 9.9 x 103
mol), Et20 (14 mL) and 45 (0.22 g, 1.8 x 1073 mol) was
refluxed for 3 h. Methyl iodide (0.68 miL, 1.1 x 10-"2 mol)
was slowly added and a further addition of CH3I (0.22 mL,
3.5 x 1073 mol) was made after 16 h;,finally the mixture
was réfluxed for 3 h. The isolation procedure described

above furnished an oil (0.24- g, 89%) which by glc analysis

hY




(FFAP) was found to be > 98% pure; an analytical s
47 was collected by preparative glc (FFAP); ir (CClpHp):
3040, 2980, 1712 cm 1. Exact mass calcd for C10H140:

150.1045; found 150.1044.

Homoenolization Experiments

The requifed t~butyl alcohol-0-dj was prepared

according to thg procedure of Young and Guthrie (80); The
alcohol was refluxed over CaHy under a nitrogen atmogphere
to furnish t-butyl alcohol-0-dj which was < 0.002 M in -
water by Karl Fisher titration; t—butylxalcohol was also
dried by refluxing with calcium hydride and'distilled.

The general procedire foliowed for the
homoenoliiation_studies was essentiallyAas described by
Nickon et al. (4, 5). f}h general; the ketone was added to
127 M t~Buox/t~BuoH(D§ ([Hp0] ¢ 0.005 M, prepared by
adding freshly cut. potassium to a t-BuOH(D) (under a
nit}bgen atmosphere) to give a solution which was 0.26 M in

v

ketone. Aliquots were transferred under a nitrogen
atmosphere to a se{iii/o} pre-dried thick-walled glass
tubes (the ratio of tube volume to base volume was 10:1);
the tubes were degassed and sealed under vacuum. After
heating at elevated temperatures (185° or 200°C) for
varying periods of time the tubes were opened. and the
contents removed by washing with H»0 (or an agqueous 10%

NaCl solution). The kKetonic products were isolated by

pentane extraction and the combined extracts. back-washed
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with H;0 (and/or an aqueous 10% NaCl solﬁtion). The
aqueous washings were reextracted with pentane aqd the
pentane extracts dried over MgSO4. Removal éf the solvént
by evaporation afforded a neutral organic(produét (recovery
> 70%) and its composition was detgrmined by glc (Carbowax,
¥FAP, SE-30). 1In each case, the startihg material and/or
the rearrangement product(s) were 1solated by preparatijve

glc.

(F) EXPERIMENTAL FOR CHAPTER 5 - -

Preparation of 63

1/

Following the procedure reported by Turro and
Eafiihgton (54) a mixture of spiro[2,4]hepta-4,6-diene
(13.6 g, 1.48 x 1073 mol), prepared from cyclépentadiene
and 1,2-dibraomoethane according to the method described by
Alder et al. (81l), and 2-chloroacrylonitrile (15.6 g, 1,78
x 1073 mol) was stirred at 105°C for 5 h. Distillatién:
aéforded 16.Q;g of the Diels;ﬁlder adduct, 15.5 é of which
was added to a mixture of ethylene glycol (107 mlL) and KOH
(26.5 g) and stirred at 95°C for 20-h. After the addition
of 380 mL of 10% agqueous NaCl solu%iqp, the product was ‘
extracted Qith pentane (6 x 1060 mL): The combined extracts
weré washed with brine (2 x 70 mL) and dried over MgSO4.

L 3
After removal of the solvent, the residue was distilled to

give 63 (7.59 g) (bp 89-90°C/16 Torr, lit (54) bp 90-92°C/ °
21 Torr) which was > 85% pure by glc analysis (FFAP).

¥lash ¢hromatography (EtpO-petroleum ether, 25:75) e

e .




furnished pure 63 (5.9 g, 51% yield); ir_(film): " 3076,
3000, 1745, 708 cm~l; lHmr (CDCl3) 6: 0.64 (bs, 4H), 1.98
(d, J = 16.2 Hz, endo-H-3), 2.28 Tad, 7% 3.1, 16.2 Hz,
exo—H-B),*Z.SQJ(m, H-1 and -4), 6.20 (m, le, 6.62 (dd, J =
2.8,5.6 Hz, 1H); 13cmr (CDCl3) 6c: 6.0, 7.0 (2 x CHp),
38.3 (C-3), 46.0 (C-4), 46.1 (c-7); 60.8 (c-1), 129.4
(C-6), 142.0 (C-5), 212.7 (C-2). Exact mass calcd for
CgH}pO: 134.0732; found: 134.0729.

v o

. Trimethylsilvl enol ether of 63 (58) R .

This compound Qas prepared following the procedure
employed for 37 using diisopropylamine (0.84 mL); THF (8
mL), n-butyllithium (2.1 mL, 2.50 M in n-hexane and 63 .
(0.50 g) with a quenching solution of trimethylsilyl
chloride (0.76 mL), Et3N (0.29 mL)_and THE. (1.5 mL).
Kugelrohr distillation qf the product isoclated by pentane
extraction gave crude enol ether (bp 102-106°C/1l2 Torr,
0.69 g, 90% yield) which glc an;lysis (Carbowax) indicated
to be - 95% pure. An analytical saméle was colle;ted by

preparative Eﬁﬁ for characterization: Exact mass calcd for

C12H1808i: 206.1127; found: 206.1124.

8 -Spirgcyclopropyl-2- trxmethylszloxyhomoquadrLcyclene (59)

- Cyclopropanatlon of the silyl enolkether of 63 was

i

carried out as previously described for the parent

fnorbornenone der ivative using a zinc-silver cbuplev(l.26 g)'

and CHI (0.85 mL) in Et0 (2 mL) with the silyl enol




ether (1.2 g) in Et20 (15.5'mL). The usual work-up
furnished an oi1ly liquid (l.1l4 g) which was ca. 80% pure by
'{ glé (SE-30). Pure 59 was obtained by preparative glc; 1ir
(CClg): 3078, 2975, 1250, 1154, 840 cm™l. Exact mass.
calcd for C13H20051; 220.1283; found: 220.1302.

Homoketonizat ron of 59

To 20 mL of 3 M methanolic NaOH was added 59 (485
mg) and the mixture stirred overn;ght at room tegpeéature.“
After the adition of H30 (20 mL), the product was‘extracted
with pentane (3 x 20 mk) and the combined extracts washed
with Hp0 (3 x 15 mL) before drying over MgSO4. Removal of
the solvent gave a yellow o1l (330 mg) containing one
ketonic component 62 (ca. 90% yield) which was purified by
preparative glc (PFAP). - Ir (film): 3040, 2930, 1725 cm L.
Exact mass calcd for C)gHj;0: 148.0888: found: 148.0882.

&

Preparation of 62-dy

’ A sample of 59 (90 mg) was placed 1n a 1.3 M
solution of KOD-in t-BuoD (1.6 mL) and.the mixture stirred
at room temperétdre overnight. Isolation by pentane

extraction and purification by glc'(FPAP) gave 62~gx;~ms{

4.6% dg, 32.6% dj, 41.7% dp, 21.5% d3 (total 1.80 atoms

o

ZH/leecqle).




Hydrogenation of 62
: To a soluflon of 62 (130 mg) 1in glacial acetic
acid (4 mL) was added 27 mg of platinum oxide cat;lyst and
the mixture hydrogenated at 50 psi in a Parr shaker for 21
ﬁ. Dilution with HpO (15 mLf and neutralization wqgh
NaHCO3 were followed by removal of the catalyst by
filtration. The product was extracted with n-pentane (3 x
10 mL) and the combined extracts dried over MgSO4 before
removal of the solvent by Fvaporation to furnish 130 mg of
materla{} Glc analysis (PFAP) 1ndicated the presence of
two comgohents 1n comparnable amoﬁnts and samblé% were
collected by preparative glc. 13cmr spectra of the saﬁples
=*showed one to be‘a'l:Z mlxture'of'unreacted 62 and a new
compSEnd having 31gna}s'at Bc: 26.7, 29.4 (2 x CH3z), 28.8,
30.8 (2 x CH). 13.1, 14.7, 24.7, 46.8, 71.8 (5 x CH) and
38.3 (CY. 'These data 1ndicate that the new product 1is
probgﬁly 6,6—d1methyltr1cytlo[3.2.1.02'7]octan—4fol but the
compound was not further characterized. The second |
' component obe&}ned by preparative glc was a single ketone
~1dentified as 6.6—d1methyltr1cyclo(3.2.1.02'7]octan*4~one;
ir (film): 3030, 2965, 1720 cm 1. Exact mass calcd for

C10H140: 150.1044: found: 150.104L.

(G) EXPERILIZNTAL POR CHAPTER 6

Preparation of 7-Isopropylidenenorbornenone (71)

A mixture of cyclopentadiene (66 g) and acetone

(58 g) was cooled to 0°C before the dropwise addition of
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20% ethanolic KOH solution (20 ml) with stirring (82).
Stirring ‘was continued overnight. The organic layer was
separated and distilled to furnish 6,6-dimethylfulvene

{32.5 g, 31%) bp 42-47°C/11 Tbrr; lit (83)

44-46°C/10 Torr. A solution of 6,6-dimethylfulvene .
(3.06 g, 29 x 1073 mol) and 2-acetoxyacrylonitrile
}lO.Q& g, 90Lx 1071 mol) 1n dry pyridine (1.20 mL) was
prepared and aliquots were transferred to six, {lame-dried, '
5 mL thick walled pyrex tubes under a Ny atmosphereL The
tubes were sealed under vacuum and placea in an o1l bath at
80°C for 28 h (57). After cool;ng to room temperature, the,
contents of the tﬁées were taken up in CHpCly. The solvent

A

was removed and the product 1solated by flash
) : 4
chromatography using benzene as eluent to furnish an

epimeric mixture (7:1) of the 2-acetoxy-2-cyano- 4
7-1sopropylidenebicyclo(2.2.1}hept-5-enes (6.0 g, 96%
yield) favo;lng the endo—cyano 1somer by comparison with
the‘pdbllshed data (57). This mixture was used dlrectlyA
for the next sfep. .

The’mixture of Diels-Alder adducts (2.0 g,
.9.2 x 103 mol) was dissolved in" dry methanol‘(8.8 ml.) and . .
added, with stirring, to a 2 M solution of NaOMe 1in MeOH
under a.Nz atmosphere. After starring for 2.5 h, aqueous
10% NaCl solutron (20 mL) was added and the product V
extracted with methylene chiéridé {4 x 20 mL). The
‘ombined extracts were washed with H20 before drylng over

-0

MgsS0O4. KRemoval of the solvent ga%e 71 (1.0 g, 75% yield)

T
. ©
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which was > 97% pure by glc (FFAP) analysis; 1ir (film):
3080, 2920, 1750 <m~l; 13cmr (cDCl3) 6: 19.4, 19.8
(2 x CH3). 40.4 (CH2), 42.0, 57.9, 130.9, 143.1 (& x CH),

115.2, 146.2 (2 x CH), 218.6 (C=0). .

Preparation of 2-Trimethylsilyloxy-7-i1sopropylidenebicyclo-
heptadiene (67)-.

e

Following the usual procedure, 71 (0.60 g, 4.0 x
1073 mol) 1in THF (2 mL) was  -added dropwise to a THF Q
solution of LDA at —78°8. The LDA was prepgfed from
dlisopropylamine (0.92 mL, 66 x 10°3 mol) .in THF (5.5 mL)
to whrich had been added 2.46 M n-Buli 1 hexane (2.30 mL,
5.66 X 103 mol). Quenching wlih~chldrotrxmethylsxlané
(0.93 mL, 7.3 x 10”3 mol) and triethylamine (0.34 L,
2.4 x 1073 mol) in' THF (2 mL) and extraction with pentane
as described earlier gave, ;fterAremoval of the solvent,

0.71 g of oily 67 (80% yield). -Exact mass calcd for

C13H20081: 220.1283; found: 220.1280.

Cycloprjgénatlon of 67

Following the usual. procedure the zinc-silver

couple (0.53 g, 8.1 x 10”3 mol) was placed in a

7

nitrogen-purged flask and the apparatus was flame-drzed.
After cooling, methylene 1rodide 1in anhydrous Et 0 (2 hL)
was added and the mixture warmed dntilﬁfefluxing océu;red
without external heating. Upon cessat;oﬁ of reflux, .an
ethereal solution of 67 (0.55 g8, 2.4 x 10-3 mél) was added

y ,
and the mixture refluxed for several hours. After cooling

L.
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to 0°C, a 50:50 mixture of pyridine-ether was added until
no further precipitate formed. The precipitate was removed
by filtration and the etheér evaporated. The residue was
taken up in'pentane'and the traces of precipitate ;ere
rembved by filtration before evéporation of the solvent.
The rgsglting oily product (0.51 g) was ;hown to contain a
mixture of two adducts by 13cmr. all attempts to analfze
the product by glc (FFAP, SE-30, Carbowax) led to’
decomposition. even if freshly prepared glc columns were
used. A series of experiments following this general
procedure was ca%ried out as summarized in Table 6.1.

A preparative run was carried out by reacting 710
mg of 67 in Et20 (9.9 mL) with zinc-silver couple (0.5 g),
CHalp, (0.13 mL, 1.6 x 1073 mol) in Etp0 (3 mL) at room
_ temperature for 5.5 h before the addition of more CH2£2
(0.13 mL, 1.6 x 1073 mol) and stirring for an additional
20 h. The reactioh was quénched and the product isolated
in the usual ‘'fashion as an oil (700 mg).

The major component in the pfoduct from Expt. 1
(Table 6.1) gave rise to a 13¢c spectrum consistent with

structure 68 (see text) while the major component from

Expt. 3 éxhibited a 13¢ spectrum readily attributable to 72

as discussed in the text. These structural assignments
were confirmed by unequivocal identification of their

homoketonization products.

v

T
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Homoketonization of 68 and 72

The same procedure ‘described above for

" homoketonization of 59 was employed.
. . . L [

Upon treatment with 3 M methanolic NaOH, the

’

product from Expt. 5-(Table 6.1) afforded a single ketone ~ .-

&by glc analysis (FFAéfé&“A}E?ough the starting material was
a mixture of 71 and 68,‘;t w;; apparent that 71 did not
survive after several hours.in base. The structure of the
new ketone 69 was established by detailed analysis of its
13c spectrum (see text); ir (CClg: 3060, 2910, 1747 cm-1;
lHmr (see text). Exact mass calcd for C11H140: 162.1045; -
found: 162.1039. .
Homoketonization of the material from the
preparative scale cyclopropanation .gave 330 mg of 69, after
purification by flash chromatography (7% Et0-93% petroleum
ether (30-60°C), 64% overall yield from 67.
;he‘product from Expt. 4 (Table 6.12 was stirred
At room temperature with 2 mL of a 1 M XOD/t-BuOD

ual work-up furnished 69-dg containing

overnight. The
2.48 atoms 2H/molégule; ms: 1.2% dg, 4.5% dy, 46.8% dy,
50.1% d3. ‘
A portion of 69-dy was treated with 3 M methanolic g
NaOH to furnish 69-dj which was found to contain 0.96 atoms
2H/molecule; ms: 7.0% dg, 90.6% di, 2.6% dy.
o

Homoketonization of the mixture of adducts

(210 mg) obtained in Expt. 3 (Table 6.1) gave an oily

liquid (145 mg, 97% yield) shown té be a 78:12 mixture of
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73 and 69 by gic (FPAP), readily'sepafable by preparative:
glc. lH and 13Cmr spectra showed ihat 73 was a single ’
compoun%c exact mass calcd for C)sH}gO: 176.1201; found:
176.1193; ir (CClg): 3050, 2925, l7é5 cml. A second

sample (130 mg) oﬁ the same starting material was treated
with.l M KOD/t-BuOD (2 mL) to furnish 85 mg (92% yield) of
the mixture of 73-dy and 69-dy. ‘After isolatldn by glc,
ketone 73~dx was found to contain 1.50 atoms ZH/moleghle
(30.0 do, 25.9% dl, 34.2% dp, 18. 5%'63) Back-exchange

thh I M methanolxc NaOH afforded 73-dy; 42.0% dg, 56.8%

N s

dy, 1.1% do (total 0.58 atoms 2H/molecule).

<

H/D Exchange of 69

/

A solution of 69 Q35 mg) in 1 M MeONa/MeOU
(2 mL)was heated under reflux for 90 min. After addition
of D20 (% mL), the product was isolated by pentane
extractién.(B x 8 mlL); the éomb;ned-extracts waere washed
with 10% aqdeous NaCl solutioﬁ before drying over MgS04.
Evapératién of the solvent gave 30 mg.of 69-dy and an
analytical sample was obtained by glc (FFAP); ms: 6.4% dg,
28.5% d1, 65.4% d2, (total 1.59 atoms 2H/molecule). The
2Hmr spéctrum (CeHep) Eontained equally intense signals at
6 1.74 and 2.05 (endo- and ;xo~2H~3, respectively).

i

Reduction of 62

-

To a slurry of LAH (38 mg) in anhydrous Etp0

(2 mL) was added a solutich of 62 (95 mg) in Et 0 (4 mL)
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and the mixture stirred overnight. On cooling to 0°C,
excesé LAH was destfoyed.by thevcautxous addition of HO
and 10% aqueous NaOH soiutlon‘(O;Z mL). After stirring,
the prec1p1téte was removed by filtration and ‘the solvent
removed after drying to furnish 75 mg of product which
contalned.two components by glc analysis (FFAP) 1in a ratio
of 6.5:1; -both Qere xsolate& by preparatlve'glc.
The major product 74a (mp 67-68°C) was found to\Bb

an alcohol; ir (CClg): 3630, 3040, 3000, 2940, 1055 cm~ 1.
Exact mass calcd for-Cloquoz 150.1044: found: 150.1045.

., The minor product 74b was also shown to be an .
alcohol; ir (CClg): 3620, 3040, 2925, 1060 cm L. ‘Exact

mass calcd for CjgH140: 150.1044; found: . 150.1042.

Reduction of 73

Ketone 73 (30 mg) in Et30 (2.2 mL) was added to a
slurry of LAH (20 mg) 1n Et20 (1 ml) under a Np atmosphere

and stirred overnighf. The usual work-up afforded an oil .

.

(30 mg) which by glc analysis contained two components 1in a
ratio of 18.5:1. A sample of the major ‘component was

180lated by preparative glc énd 1denf1f1ed as 75 on the

-

basis of 1ts 13C spectrum (see text); ir (CClg): 3630,

3050, 2940, 1175, 915 cm L. Exact mass calcd for CjpH180:

l78.l358;sfou%d: 4178.1357.k“\
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(H) EXPERIMENTAL FOR CHAPTER 7 .
Endoftricyclo[3.2.1.02'4]oct—6~ene was prepared

according to the prodecure of Closs and Krantz (84).

Yreparation of endo—b1cyclo[3.2.1.02'410ctan—6—01
After cooling a solution of endo-tricyclo -
[3.2.1.9?'4]oct—6—ene (4.76 g, 4.49 x 1072 mol) 16 hexane
(15 mL) to 0°C, a 10 ﬁ borane dimethyl sulfide solution
(2.69 mlL) was addeq, dropwxsé. Upon cémpletlon of the B
addition the solution was stirred at room temperature for
‘3'h and refluxed for an additloﬁal 1h. On cooling to 0°C
absolute ethanol (25 mlL) .was added, followed by 3 M sodium
hydroxide solution (9.10 mL). Hydroéen peroxide (30%, 9.10
ml.) was then added at such a rate that the temperature of
the splution remained < 40°C. The mixture was then
'refluxed.for 1l h, cooled‘;nd diluted wlth br;ne solutloﬁ (4
ml.). The proézct was extracted-with pentane (4 x 36 ml)
and the combined extracts were washed with agqueous 10% NaCl
solution (3 x 20 mL) and with Hz0 (20 ml) . The agqueous
fractions were then combined and back-washed with-pentane
"(2 x 30 mL). After drying the organic fractions with
"MgSO4, Kugelrohr distlllatxoqff150~155°C/5.% Tory) gave
4.18 g of endé—tricyclo[3.2.1.02r4]octan—6—ol (75%) and

0.20 g of starting material.
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Oxidation of endo—trlcycloL3.2.1.02'4]octan—é~ol

t

To a slurry of per%}nlum”chlotochromate (PCC)
(3.80 g, 1.76 x 107< mol), filter a1d (Celite, 3.8 g),

. methylene chloride (15 mL) énd sodium acetate (0.30 g)ewa;
added a solution of endo-tricyclo[B.Z.l.Oz'é]octap;ﬁ—oI
(1.40 g, 1.13 x 10" 2 mol) 15 CHpCly (15 mL). After -
stirring for 1.75 h gnhydrous ether.(23 mL) was added and
the resultlng precipitate was removed by filtration. The
filtrate was washed with aqueoué 5% HC1 éolutlon (30 mL),
aqueous lO%(NaOH gélutioq (30 mL) and w1tp H20 (3 x 30 mL)

before: drying over MgSO4., Kugelrohr distillation

v

(98-105°C/14 Torr) gave 1.14 g of endo-tricyclo[3.2.1.02.4]-

octan-6-cone (80). . o s

Exo—tricyclo[3.2.1.02'4]octan—6~01 was prepared

according to the procedure of Colter and Musso (85).

Prgparatlon of exo—tr1cyclo[3.2.].02r4]octan-6~one (79)

) A solution of exo—tricyclo[3.2.1.02r4]octan~6—ol
(4.49 g, 3.62 x 102 mol) 1in CH3Cly (48 mL) was added to a
slurry of PCC (11.77 g, 5.46 x 1072 mol), sodium acetate
(0.88 g), filter aid (11.77 g) and CH>Clp (48 mL). After
stirring for 4.5 h the reaction was worked up in the same

manner as above. Removal of the solvent yielded 4.40 g of

79. (quantitative), which was pure by glc analysis (FFAP).
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Preparation of 7%a

To a stxrred solution of LDA (prep//7d“f{
diisopropylamine (3.31 mL, Z.36 x 10”3 mol),/THF (%iijL
0 g,

n-Buli 1in n-hexane (2.5 M, 8.26 mL)) was added 79

1.48 x 10°3 mol) in fHF (4 ml). After‘sfirring for 45 min,
the quenching solution (trimethylsilyl chloride (3.37 mL,
az.ee'# 1073 mol), triethylamine (1.23 mL) and THF (3 mL))
was added and the mixture was stirred for 2 h at’ room
_temﬁerature. The usual workup (procedure B) gave crude 7%a
which was purified by bulb-to-bulb distillation (90-95°C

4 Torr), 2.57 g, 90% yreld; glc analysis (FFAP) lndlcaféd >
90% purity. An analytical sample was collected by
preparative glc for characterization: 1r (CHCl3): 2950,
1598, 1245, 830 cm 1; lumr (CgDg) 8: 0.20 (9H, s, SiMe3),
0.5-1.5 (GH; m), 2.53 (2H, bs). 5.05 (1H, bd.J - 3 Hz). i

Exact mass calcd for C11H180S1: 194.1127;.found: 194.1125.

»

»

Cyclopropanation of 7%a

Te a mixture of Zn—Ag couple (2.22 g, 3.40 x 10-2
mol), hethyléne 1odide (l.Sb mL,.l.86 x 1072 mol) and Et)0
(4 mL) was added 7%a (2.00 g, 1.03 x 10" 3 mol) 1n Etéo (46
mb) . After refluxing for 8 h the reactlon was worked up as
prev1ously described to yield 79 (1.98 g, 92%) which glc
analysxs.(FFAP) indicated to he ca. 80% pure. An
adalytlcal sample (prep. glc) was collected for
characterization: ir (film): 3060, 2940, 1242, 832 em™1;

Iumr (CDCl3) 8: 0.18 (SiMe3), 0.35 (2H, m), 0.72 (3H, m),




1.06 (3H, m), 1.76 (1H, m), 2.18 (1lH, m), 2.32 (1lH, m).

Exact mass calcd for CjpHp0Si: 208.1283; found: 208.1279.

Preparation'of 79@
‘ The tetracyclic - TMS ether 7%b (1:88 g8) was added
to methanoli¢ NaOH solution and allowed to stir kor 24 h at
0°C before the addition of H30 (7Q.mL)l The product was

extracted QitbApentane as described'previéusly. Removal of

the solvent gave 79e (1.09 g, 82%). Preparative glc (FFAP)

was used to obtain pure samples for further work. The
absence of 79d in the ketonization product was confirmed by
glc (FFAP) since samples of‘the latter were available from
earlier studies (30). Ir (CHCl3): 1710 cm~1 (C=0); 13cmr
i(CDCl3): 8: 33.8 (CH), 17.4 (CH), 5‘2’(CH2), 17.1 (CH),
'50.8 (CH), 213.5 (C=0), 35.4 (CHp), 31.0 (CH2),, 28.3

(CHé). Exact mass calcd for CgHjp0: 136.0888; found:
136.0886. 13cmr (CDCl3): &: 33.8 (CH), 17.4 (CH), 5.2
(CHz), 17.1 (CH), 50.8 (CH), 213.5 (C=0), 35.4 (CH2), 31.0

(CHp), 28.3 (CH3). “

Preparation ef 7%e-dy

To a solution of KOD in t-BuOD (2 M, 2 mL) was
,added 790 (90mg) and the resulting mixture was stirred
overnight, under a nitrogen atmosphere. After the addition
of D0 (3 mL), the product was isolated as described.for
' 7%e to furnish 79e-d3 (60 mg); 0.9% dg, 2.9% di, 19.7% dy,

76.5% d3 (total 2.71 atoms 2H/molecule). Back-exchange

2

S
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with 3 ﬁ methanolic NaOH furnished 7%e-dj (57 mg): ms:
7.7% dg, 83.1% d], 5.1% dy (total 0.93 atoms 2H/molecule).

Preparation of, 79e-d)* *

The sequence 79 » 7%e described above was repeated
us;né [7,7—2Hé]~79 as the starting material preparea as.
féllows. To a solution of NaOD-D»0 (0.5 M, 9.5 mL) was
.added 79 (1.40 g) under a nitrogen atmospgere and the | 0
solution-was refluxed for 22 h. The reaction mixture was .
_worked-up as described for 26-dy, to afford 79-dp (1.34
g}. The 13cmr spectrum of this product indicated almost .
complete exchange of the a-methylene hydrogens{ané this
material was employed di%ectly for the generat ion of §9e—dl
via 7%9a-dy” followed by c?clopropanation and ketonization o
aé desc}ibed above for 7% and 79e. The resulting prodqct.
79e~d1* contained 0.71 atoms 2H/molecule: ms: 9.3% dg,
70.7% dj. -

Preparation of 80a ) yf’ )

Following the usual procedure, ketone 80 (0.72 g,
cr)

5.8 x 1073 mol) was treated with LDA (diisopropylamine

-

(1.30 mL, 9.3 x 10°3 mol), n-BuLi in n~hexane (2.26 M, 3.60

ml) and THF (13 mL)) and trimethylsilyl chloride (1.20 mL,

~

9.5 x 10~3fmol) triethylamine (0.45 mL, 3.2 x 1073 mol),

’

and THF (1.0 mL). The reaction mixture was worked-up

\ J
following procedure B and Kugelrohr distillation gave 80a

.\(0.79 g, 70%), which glc (FFAP) analy51s'in§iaated to be<>

—




98% pure; ir (CHCI3): 1610 cm~l (C=C); Hmr (CDCl3) 6:
0.30 (9H, s, Me3Si), 0.50-2.00 (6H, complex absorption): -

~j 2.62, 2.72 (;H each, overlapping m), 4.62 (1H, bd,'H—7);
» . Exact mass calcd for C)i1HigO0Si: 184.1127; found: 194.1123.

v, —
.

; Preparation of‘aﬂb

4 . Cyclopropanatlon of 80a was accompllshed using

in/Ag couple (0 87 g, 13 x 1073 mol), methylene iodide

f ' _(0.59.mL, 733 X 1q@§ mol) in Et0 (2 mL). After refluxing
| ﬁvernight the reaction’mixture was worked-up following the
usual prqcedure to yieid 80b (0.70 g) which glc (SE-30)
Y, . ) indicated to be > 90% puré; Prqparati?e gic furnished pure

‘ 7._ g%mp}es for cha{acterizatiéﬁ and'for the following steé-in |

4

‘the sequence. Exact mass calcd for CjpHpQ0Si: 208.1283;

-

© found: 208.1277. ‘ e

‘, ) 'Prgbaration of 8087 . 3

5 Tetracyclic ether 80b was ketonized in 90% yield'.
I }

"v - with methanollc NaOH solution in a manner analogous to that
. . %

1

- Y A descrlbed above for 79b and, as is the case with 79, a
. . X . i

: single ketonic product'(ace) was obtained; ir (CHCl3):

1715 em L (c=0); 13cmr (cDCR3) 8+ 31.3 (CH), 26.4 (cuj,

17‘1 (CH2), 24.4 (CH), 48.6' (CH), 214.9 (C=0), 35.0. (CHz),

L

o 22.6 (cuz),,43.7 (CH2) . Exact thask calcd for chlzo

© s ", ', 136:0888; found: 136.0888.

7

o
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Preparation of 80e-dj $§&¥ . v . .

To a 2 M KOD/t~ Buoﬂ»soluﬁxon (2 mL) was added 80b

—_

(95 mg) and the resulting solud'on was stirred overnight

- under a nitrogen atmosphere. After the addition of D30 (3'
mL) the product was ;ecovered by pentané extractlo; and
-tﬁis afforded 80e-d3; ms: 2.6% dg, 7.9% d1, 35.5% da2.,
54.0% d3 (total 2.41 atoms 2H/moleculs). Subsequent
treatment with methanolic NaOﬁgsolutlon (3 o M 2 ml)
overnlght followed by the usual workup furnlshed QOGwél,

‘ the 13cmr spectrum of which 1nd1cat;d the presence of ca.
0.8 atoms atoms 2H/mo-lecule at €-8. -

S

(I) EXPERIMENTAL POR: CHAPTERS 8 AND § ST

* Cyclopropanation of 79a,A“Copcentfated Conditioﬁgﬁ
The Simmons-sﬁith reagent was prepared from

methylene iodide (0 30 mi,, 3.7 x 10~ -3 mol), Zn-Ag couple ]

(0.48.8, 7.3 g x 1073 ‘mol) and Et20 (0. 50 mL), An ‘the usu;gy

manney . . Upon completion of reaction, a salutlon of 7%a

(0.45 g, 2.3 x 10°3 mol) in Etp0 (0.70 mL) was added and e

thé'resultihg mixture was refluxed (temp. bf’the qil bath |

Jqs ca, 50°C) for 25 h. The workup procedqﬁg furn%gﬁ?d an_

oil (0.34 g)/; which glc anaiysL@;(SE—QO) iﬁqééated ;;; C%iw}

35% 86 and an analytical sample was collected by

prepar tlve glc, l3Cmr (CeDg) 5c 70 7 (CH), 42 7 (CH), fl;-

32 8 (CH), 21. 5 (CH), 20.9 (CH), 17.8 (CHg),_L?.Z (CH),

13.9 (CH), 7.5 (CHz), 6.2 (CHz), 0.0 GSiMe3);“;Exact mass

calcd for C13Hp20S1i: 222.1440; found: . 222.1429 .

» .
. B
)\ : = *a ' ’ -~
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Cyclopropanation of 26a, “Concentrafga éohdltlons"
Cyclopropanation of_ 26a (0.40 g, 2.2 x 103 mol)

was accomplished using Zn-Ag couple;(0.72 g, 1.1 x 1072

. mol), methylene 1odide (0.44 mL, 5.5 x 103 mol) and Et0

(1.7 mL). After stirring at 50°C for 60 h the reaction ggs
worked-up and found to-glve’én'01l (0.14-g), which by glc
analysis (FFAP) yas a complex mixture of components
containing ca. 15% 87. PrepaqatiQe‘glc fu}nished a pure
sample of 87 for charactexlzatlon'purpbses; ir (£ilm):
3040, 2960, 1250,839 cm 1. Exact mass calcd for
Cileoosiiv)196.1283; found] 196.1289.

Preparation of 89%a

[:3

To a solution of LDA (diisopropylamine (2.67 ml,
1.9 x 10°2 mol), n-BuLi in n-hexane (2.50 M, 6.44 mL). and
THF.. (23 mL)) at -78°C was added a so%upion of norcamphor
(1.56 é, 1.36 x 1072 mol)\in THF (3 mL). Aﬁtﬁr stirring
fof 30 min a g qhing solution (THF (3 mL); trietﬁylaminé
(0.20 mL, 1.4 x 10§§_Bq1) and t-butyldimethylsilyl chlor ide:
(3.30 g, 2.19 x 10-2 mo}) was édaed_and th{s mixture was
stirred for 5 h at —78;C and an-addigiohal 3 h at {ooﬁ
teﬁperature. The usual workup gave, -after Kugelrohr
disfillétion (83—87°C)0.4 Torr), 8%a (2.52 g, 82%) which
gllc anélysis (FFAP) indicated to be Qéiupure. Preparative
glc furnished a pure sample of 8%a for charactéfization:
ir (£ilm): 2930, 16;;, 1328, 830 cm‘lf _Exact mass,calcé

Y]

for Ci3Hp408i: 224.1596; found: 224536011

.
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\T’\ a Pr@paratloﬁ qf 82, 93 and %4
' The t-butyldimethylsilyl énol ethers 92, 93 and 94 k
were all prepared following the procedure described  above
Bf‘é)r 89a: The physical properties of these silyl enol

s' .
ethers are summarized below.

»

-

1) For the preparation of 92 the addiéiqp of ytriethylamine
was omitted. ‘
? 82: bp lOS-ilO°C/O.2 Torr; ir (film): 2940, 1625, 974
‘ cm;l. Exact mass calcd for C)gH2g0Si: 264.1910;
| - found: Q‘.2615‘,.191.2.
) 93: bp 60-67°C/0.3 Torr; ir (CClg): 2930, 1625, 1227, 875
cm~1. Exact mass calcd for“C14H2505i: 238.1754;
o found: . 238.1753. ’ |
' X
%4: bp 60-64°C/ 1.0 Torr; ir (film): 2930, 1611, 1328,

1130, 830 cm~l. Exact mass'calcd for C3sH28081:

'252.1910; found: 252.1909.

Preparation of 8%h

The s8ilyl eno 89%a £0.49 g: 2.2 x lb"3 mql)’

was cyclopropanated as'descfibéd for 26b usfbg in—Ag couple
(0.47 g, 7.2 x 1073 mol), methylene iodide (0.32 mL, 4.0 x' |
1073 mol) and Et0 (6.5 mL). After refluxing for 19 h the
udual workup gave 8%b (0.36-8,  69%), which glc analysis

. (FFAR) indiéated was > 95% pure. Ptepara;ive glc furnished

-

a pure sample of 89%b for characterization: ir (CClg):

v
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3014, 2960, 1340 cm™1.” Exact mass calcd for Ci14H260S81:

238.1753; found: 238.1747. w "

Cvclopropanation of 8%a, "Concentrated Conditions”

Following the usual procedure, a mixture 6f
methylene iodide (0.44 mL{“S.S x 10'3'mol), Etp0 (I mL) and ‘
in-Ag couple (0.72 g, 1.1 x 107 2 ﬁol) was warmed until v
refluxing occurred without heating. A solution of 8%a
(0.49 g, 2.2 x 1073 mol) in Etp0 (0.7 mL) was ’ther;,édded
and the.mixture was refluxed for 33 h (temp. gf the oil
‘bath was ca.. 58°C). The usual workup furnished an oil
(0.50 g), which glc analysis (FFAP) ibdicated to contain
8% (8%) and 8% (80%), the latter component was collected
(prep éﬁc) and characterized: ir kCCl4i: 2970, 1070
cm™l. Exact mass calcd for Cjg4HpgOSi: 238.i753; found:
238.1754. A . ’

Repeaﬁiﬁg this reacwion with CD21y (86) gave '
89%b-dy; ms: 1.4% dg, 10.7% dj, 87.79% dp toﬁal 1.87 atoms
’H/molécule. and 89c-dy; ms: 3.8% dg, 29.8% dy, 65.3% dj,

total 1.64 atoms “H/molecule.

é

'Cyclopropengtion of 82 and 93, "Concentrated Conditions"

The s;lyi'enol ethers %2 and 93 were

. -

xS

cycldpropanated following the procedure aESCTibed above for
8%a. Treatment of 92 with the Simmons-Smith reagent (rxn.
Ltime = 50 h) gave a mixture containing'8d% 92c,, while

cyclopropanation:of 93 (rxn. time = 5C!%) gave 93b.
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For 92c; Exact mass calcd for Cy7H300S:1: 278.2066; found:
278.2069. .
For 93b; Exact mass caled for CygHpgOS1: 252.1909; found:

252.1910. o

Dimethylation of 79e

Following the usual procedure a mixture of 79e
(0.12 g, 0.90 x 1073 mol), NaNHy (0.19 g, 4.9 x 103 mol)
_ and Etéo (6 mlL) was refluxed for 4 h. Methyl‘iodide (0.33
ml, 5.3 ; 10-3 mol) was then added ané the mixture was
;efluxed overnight. Following a second additicﬁ of CH3l
(0.1l mL, 1.8 x 10-3 mdl) the mixtu}e was refluxed for aﬁ
additional 3 h and then worked-up to furnish crude 29. Pure
99 (0.1l g, 76%) was obtained by colqmﬁ chromatography on
alumina using pentane-ether, 9q:10, as eluent; ir (CHCl3):

1712 cm™ 1 ?C=O). Exacf, mass calcd for CjiHigO: 164.1201;

found: 164.1198.

Dimetbx;§§i0n~of 80e

’ ifter‘;efluxing a mixture of 80e (0.20 g, 1.5 x
10-3 mol), NaNH; (0.33 g, 8.5 x 10-3 mol) and Et0 (15 mbL)
for 4 h, methyl iodide (0.58 mL, 9.3 x 10”3 mol) was added -
ang the mixture was refldxed overnight. Following a second
addition of CH3I (0.19 WL, 3.0 x 103 mol) the mixture was -
then refluxed.for én additional 3 h and the usual worﬁuﬁ'

gave 98 (0.20 g, 83%); ir (CHCl3): 1703.cm™L (C=0). Exact
mass calcd for Cj1HigO: 164.1201; found: 164.1201. °

& ° ' !
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N (J) EXPERIIENTAL POR CHAPTER 10

Methylation of l04a

To a stirreq solution of LDA. (diisopropylamine

(1.14 mL, 8.13 x 10~3.mol), n-BuLi in n-hexane {2.50 M,
2.79 mL) at -78°C was added lQ@a,(0.79‘g, containing ca.
10% of the isameric [2.2.2] system) in.THF (3 flL) dropwise
and the stirring continued‘%or 45 min before methyl iodide
(0.90 mL,, 1.44 x 1072 mol) was added; the resulting mixture
was stirred overnight at room temperaﬁure. Aqﬁeous 10%
NaCl solution (10 mL) was then added and the prpdgct was
extracted with peptane {4 x 15 mlLL). The combined extracts
were washed with aqueous 10% NaCl éolution(z x 15 mL) and
with H20 (15 mL) before dryiné over Mg304. After removal'
of the solvent the crude p;oduct (0.80 g) was purified by .
flésh!chromatography (Etzo—peﬁroleum ether (30°-60°C), .
5:95) to furnish 107a (0.45 g, -57%); 13Cmr data agreed with

literature values (33).

< .
Prebparation of 104k -

2-Trimetg;lsilyloxybicyclo[B.2.i]oct—z—eng was’
6btained from the corresponding ketone (0.70 g, contaiéing
ca. 10% of the isomeric [2.2.2] éystem) using LDA |
(diisopropylamine (1.26 mL, 9.0 ; 103 mol), n-BuLi in
n-hexane (2.50 M, 3.16 mL), THF (6 mL} at -78°C and
. trimethylsilyl chloride (1.29 mL, 1.0 x 10-2.mol),

" triethylamine (0.50 mL, 3.6 x '10"3 mol) and THF (1 mL).

The -product was recovered following the usual procedure (B)

26
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and Kugelrohr distillation (90-96°C/10 Torr) gave an oil

(1.05 g, ca. 90% 104b, 10% 32a by glc).

\

-t-Butylation of 104b ! Z]

- r

To a flame-dried, nitrogen purged flask equipped

with magnetic stirrer and serum cap was added 104b (0.92 g,
containing ca. 10% of 32a), t-butyl chloride (0.7} mL, 6.6
X lb‘ mol) and anhydrous methylene chloride (3 ml). On
cooling the solution to -47°C, titanium tetrachlor ide

(0.67 mL, 6.1 x 10°3 mol) was rapidly added by syrinée.'
"After stirring for 5 h, the mixture was diluted with Ha0 -
(8 ml) and thé product was extracted with methylene ‘

chlor;de (4 x 10 ml.). The combingd extracts were washed

with H20 (2 x 10 mL) and dried over MgSQg4. Gas-liquid.
chromatography (FFAP) indicated that iOé@ compoged ca. 75%
‘of the product mixture, flash chromatography
(Et0-petroleum ether, 4:96) furnished iOéc 10.53 g, 63%);
an anaf;tical sample wag glc-collected for
characterization; ir (CClg): 2985, 1714 cm™i; 13cmr
(CDC1l3) Be: 213.9 (C=0), 52;8 (CH), 52.3 (CH), 38.9 (CH2),
35.8 (CHp),-34.8 (CH), 31.7 (Ci, 28.5 (CH2), 27.8 (CH2),
27.7 (Me x 3), mp 35-36°C.. Exact mass ‘calcd for CIZHZOO:

180.1514; found: 18041518.

Preparation of 10é4c-d; - : ‘ : .

Ketone 104c (75 mg) waé added to a solution of . Co

MeONa-MeOD (1 x 163 M, 2.6 mL) and the mixtufe was stirred

- LI . e

/




overnight undér a nitroéen atmosphere. Diluting the

) mixtur; with sz (4 ml), the product was extracted with
pentane and the combined extracts were washed with an
aqueous 10% NaCl solution (10 mlL) before drying over

-

MgS04. Removal of the solvent by evaporation afforded

104c-dy (70 mg); ms: 3.3% dg, 96.6% d; (total 0.966 atoms

2H/molecule).

Methylation of 104c

To a solutioniof LDA.QQ}isopropylamine (0.58 mnL,
Y

4.1 x 10”3 wol), n-BuLi in n-héxane(2.50 M, 1.41 mL), THF

(5 mL)) was added 104c (0.53 g, 2.9 x 1073 mol) " in THF

(2 mL) dropwise. AktbPAstirring at ~78°C for 30 min the
mixture was warmed t&@toom temperature and stirred f;r an
Aaddltxonal 30 min before methyl iodide (0.56 mL,

9.0 x 1b- 3.mol)-was added and the stirring cont inued

overnight. - Aqueous 10% NaCl solution (fg mL) was ‘added gnd

the product was extracted with pentane, as described
abbve. Removal of the solvent by’ evaporation gave an oil
‘(0.47 8), which by glc (FFAP] analysis contained 4% 104c
and 87% 104. Prepﬁfa@ﬁve glc furnished pure samples for
charac;erization.and for the homoenolization experiments;

ir (£i]lm); 29;5,@1698 cm~l. Exact mass calcd for C13H220:

194.1674; found: 194.1669.
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Preparation of 107b

‘To a solution of ‘LDA (diisopropylamine (0.73 mL,
5.21 x 107 3 mol), n-BuL:i in n-hexane (2.46 M, 1.86 mL), THF
(4.5 mL)) was atided Y07a (0.45 g, 3.3 x 10~3 mol) in THF
(1 mL). Ajter stirring the mixture. for 45 min the
quenching solution (trimethylsilyl chloridg (0.75 mL,
5.9 x 10°3 mol), triethylamine (0279 mL, 1.9.x 1073 mol),
THF (0.75 mL)) was added and the mixture‘stirred fqr 2 h at
room temperature; After the usual workup (proceduré B),
Kugelrohr distillation (105°-110°C/15 Torr) gave 107b

(0. 50 8), which glc anagﬁais (FPAP) indicated to be ca. 85%

pure; an analytical sample was collected by preparatlve
glc; ir (CClg): 2980 1681, 1184, 880 cm™!; 13cmr (cDCl3)
Be: "149.7 (C),-106.2 (C), 41.7 (CH), 40.9 {CHy), 36.6
(CH2), 34.8 (CH2), 34.4 (CH), 30.9 (CHp), 16.0 (Me), 1.1
(%iMe3)., Exact mass calcd for:tlzyézosi: 210.1434;

A

found: 210.1435.

t -Butylation of 107b

k]
To a solution of 107b (0.91 g, 4.3 x 1063 mol) and

t-butyl chloride (0.66 mL, 6.1 x 10-3 mols) -in dry
methylene chloride (3.2 mL) at -47°C was added titanium _
tetrachloride’ (0.66 mL, 6.0 x 1073 mol) with stirring. The
reaction mixture was then ;tirred for’I h at ~47°C and an ‘

additional 10 h at room temperature The mixture was then

cooled to 0°C, dlluted wlth HpO (8 mL) and. the product was

extracted with methylene chlorlde as described earlxer.

263
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Removdl of the solvent furnished an o1l (0.70 g), which glc
analysis indicated was 77% lQZa and 10% 107. Preparative
glc afforded an analytical sample of 107: ir (CHCl3):
2950, 1698 cm~l. Exact mass calcd for Cy13H220: 194.1671;
-~ found: 194.1671L. '
— /
T !
- t-Butylation of 28a

8-Trimethylsilyloxytr;cyclo[S.3.l.02'6]~
/ undecan-8-one(0.73 g, 3.1 x 1073 mol) was t—butflated as-
described above for 104c. Flash chromatography
(Et20~petrdleum-qther,'4:96) of the product mixture
furnished 105c (0.35 g, 51%), which by l3émr contained ca.
5% impurity. An analytical sample of 105¢ was further
purified by sublimation (mp 69°-70°C); ir (cuci3): 2945, ?
1706 _cm~L; 13cmr (CDCl3) 8c: 213.8 (C=0), 58.7 (CH), 53.2
. K (CH), 48.1 (CH), 46.4 (CH), 40.4 (CH), 34.5 (CHp), 34.2
(CH2), 33.B (CHy), 33.2 (CH2), 31.7 (C), 27.8 (CHz),:27.7
(Me x 3). Exact %::: calcd for C)gH240: 220.1827; found:

220.1823. ) g

9

Preparation of 105c-d;

i , ~
A sample of 105c (40 mg).was placed in 1 x 1073 M

MeONa in MeOD (1.3 mL) and the solution stirred at room
temperature overnighﬁ. After quenching with D20 (2 mL),

the ketone was extracted with pentane as described for

104c-d; and this yielded 31 mg of 105c-dy. °




—
,,,,,,

Preparation of 105

Ke?one 105¢ (0.24 g, 1 x 1073 mol) was methylated
as described above for 164 (methylation required two
cycles) using LDA (diisopropylamine (0;21 mL,,

1.5 x 10‘-53 mol), p~BuL1 1in n-hexane (2.46 M, 0.53 mL), THF
(2 mL)) and methyl 1odide (0.20 mL, 3.2 X 10°3 mol). The
usual workup afforded an o1l (0.18 g) wHJCh by glc (FFAP)
was 94% 105 and 6% 105¢ (after the second cycle). Flash
chromatography (Etzo—betroleum ether, 5:85) gave 105
(OflS g) which was > 95% pure by 13cmr (preparative glc
{SE—30,‘F§AP, Carbowax) failed.to improve the purity of
this sample): in‘(film): 2960, 16981cm'1. _Exaét mass

calcd fpr CjsHp70: 234.1984; found: 234.1981. é;:5 .

’

wpr

.Oxidation of 109 . i s

To a cooled (0°C), stirred suspension of PCC
(6.81 g, 3.16 x i0“2 mol), sodium acetate (0.52 g,
6.3 x 1073 mgi),‘filter aid (6.80.g) aﬁd methylene.chloride
(27.60 mL) was added a solution of 109 (3.18 g
2.09 x lO‘Z'mol) in methylene chloride (27.60 mL). After
stirring the mixture for 3 h at room temperature; anhydrdus
ether (60 miL) was added and the insoluble residue was
removed by filtration and washed with Et0 (150 mL). The
combined organic fractions were concentrated uﬁder reduced
pressure and washed with agqueous 10% NaOH solufion

(3 x 20 mL), aqueous 5% HCl solution (20 mL) and witnﬂ

équeous 10% NaCl solution (3 x 20 mL) before drying over




i

MgSO4. Kugelrohr distillation (140-145°C/15 Torr) gave 110

e

(2.67 g, 85%) pure by glc (FFAP).

Prepafation of 111

Treatment of 110 (2.65 g, 1.77 x 1072 mol) wij

©

chlorotr imethylsilane (3.59 mL, 2.83 x 1072 mol)
Ztriethy;amine (1.23 mL, 8.8 x 1073 mol) ip THF (4 nL) gave
_affef workup (procedure B) and Kugelrohr distillation
(89-94°C/ 0.2 forr) 111 (3.48 g, 89%): ir (film): 2955,
1614, 1250, 544 em-1; 13cmr shieldings agreed with

literature values (27). M

Cyclopropanation of 111

The silyl enol ether 111 (1.94 g, 9.74 x 10~3 mol)
was treafed with the Simmons-Smith reageﬁt (Zn-Ag couple
(1.83, 2.80 x 10°3 mol), methylene iodide (1.13 nL.

1.40 x 1072 mol), Etp0 (21 mL)) for-14 h and the usual
isolation procedure gave 112 (2000 g). Glc analysis (FFAP)
- of the product indicated it to be >.90% pure and an
analytical sample was collgcteédby preparativé glc; ir
(film): 2960, 1250, 870 Cmia; l3Cmr'shieldings agfeed with

—

literature v;lues (27)

)
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Homoketonization of 112

£

To a cooled - (0°C), methanolic NaOH solution (3 M,
19 mL) was added the product mixture from cyclopropanation
‘of 111 (1.00 g) and the resulting mixture was stirred at

0°C for 36 h. Diluting the mixture with aqueous 1l0% NaClQ

solution (25 mL), the product was extracted with pentane

" and dried over MgSO4. Removal of the’ solvent affqrded a

. yellow oil (0.5§ g)., which by glc anaiysis (FFAP) confarned
a 1.0:2.1 ratio of 114 and 113, respectively. Repeat ing
thig procedure affogded‘ag oil'(b.70 s) with the same
product composition as before. From, the two combined

fractions, flash chromatography (ethyl acetate-petroleum

ethg}) furnished pure samples of 113 (0.78 g) and Iié

i

(0.38 g). - :

"Dimethvylation of 113

’

Ketone 113 (0-42, 2.6 x 10~3 mol) mas dimethylated -

'using'NqNuz (0.55 g, 1.4 x 1072 mol) in EézO~(lé.mL) and , ,
four additions of methyl iodide (0.32 mL, 5.1 x 103 mol)

after 2, 2, 10 and 4 h. After refluxing for an ;ddi'ional-

3 h the usual workup furnished 106 (0.33 g, 67%) andjan .

analytiéal sample was collected by p}eparative glc;(EFAPB’

- for characterization; ir (CClg): 2962, L/03 cm- L.  Exact g
P T

mass calcd for Cj3Hz00: 192.1514; folnd: 192.1519.

.

-

-
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KK) EXPER!KENTAL POR CHABPTER 11 N
Ketones 120 and 121 were prepared f;Sﬁ’BB by the

method of Turro (54).

o

Dimethylation of 121 ' 3 -

AR

After a mixture ofHLZL (0.30 g, 2.2 x 1073 mol),
sodium amide (0.47, 1.2 x 1072 mol) and Et20 (15 mL) was
refluxed for 2.5 h, methyl iodide (0.54 mL) was_a&ded and
two further additions were made after 10 h (0.20 ﬁ@) apd
2.5 h (0.34 mL). The mixture was theﬁ\refluxed for. 7 h and
the usual igolatioh.procedgre furnished an oil (0.25 8),
which by glc analysis (Carbowax) and 13cmr spectroscopx was
found to be a mixture of 1l6a (ca. 70%).and 3,7,7-tzimethyl-
bicyclo(2. 2. l]heptan—Z-one’kZO%f Therefore, the mixture
(0 25 g) was treated to a second cycle of NaNHz/MeI whxch &
ylelded 0 16 g of oily llquld which glc indicated to
contain 90% ll6a and ﬁ% 3,7,7~trimethylbicyclof2.2.l]—
heptan-2-one. Preparative glc gave furnished pure samples
of 116a; ir (filmi: 2960, 1750 cm 1. Exact masb calcd for

Cy11H180: 166.1358; found: 166.1356.

&

Dimethylation of 120

Following the ﬁsual procedure, a slurry of Et 0
124 mL), sodlum amide (0 79 g, 2.0 x 10" 2 mol) and 120
(0.50, 3.7 x 10°3 mol) was refluxed for 2 h. Methyl iodide
(0.46 mL) was then added and three further additions (0.46

mb) were made after 2, 4 and 1l h. After refluxing for an



additional ‘3 h the reaction‘mixtdre washworMod up and flash
. chromatography (Et30-petroleum ether, 5:95) gave 0.31 g of
llﬁ? (51%). Exact mass calcd for C]jH1gO> 164.1201;
found: 164.1201. | \

4

Preparation of 122 -

A mixture-of methylenecyclcpropane (3.27 g, 5.06 x
1072 mol) (70), c%clopentadxene (4.90 g, 7.42 x 102 mol)
’ and hydroguinone (12 mg) was transferred to a ser1es of
thick-walled glass tubes (ratio of tube volume to solution
was 5:1) and sealed under vacuum. ‘The tubes were placed in
an oil bath at 100°C and gradually heated to 190°C over’
3.5 h. After 19 h the tubes were cooiod, opened and the
contents removed with pentane. Distiilatioh‘(28—30°C/

18 Torx, lit. (71) 34°C/20 Torr) gave 122 (3.98 g, 55%).

Hydroboration of 122

On\cooling a solution of 122 (3.90 g, 3.25 x 10-2
mol) in hexane (1l mL) to 0°C 10 M borane methyl sulflde
solution (1.33 mL,.1.33 x lO 2 mol) was added dropwxse
"Upon completiom of the, addltlon the ice bath was removed
and the mixture was.stirred for 6 h. 'The excess borane was
then slowly decomposed by the addition of ethénol (12 70
mL), followed by 3 M agqueous NaOH solution (4 70 mL) . .The
solution was cooled to 0°C and 30% hydrogen peroxide 4

"solution (4.70 mL) was slowly added with stirring, upon

complotipn of this addition the mixture.was refluxed for

~J
g3




1.5 h. The mixture was then diluted with H0 (50 mL), the
xquanic ph;se was decanted and the agqueous phase wgé
extracted with pentane (3 x 60 mL). After.washing the
extracts with brine apd'drying over Mgsog, diétillatfpn
¥ (49—50°C/0.4 Torr) furnished. a 1:1 mixquge éf 123 and 124
(3:05 g, 68% yield); 1ir (cd14;g, 3620, 3360, 3080, 2980,
S 1079 cm1; lHmr (CDCl3) 6: 4.08 (1M, br d, J = 6.6 Hz),

3.94 (1H, br d, J = 6.6 Hz), 2.38 (lH, br s), 2i25 (1H, d,

J = 5 Hz), 0.80-2.10 (16H, m), 0.20-0.60 (8H, m); l3cmr

(CDCLy Be: 74.7 (CH), 73.5 (CH), 53.0 (CHY, 46.6 (CH), -
44.4 (CH), 420 (CH2), 40.6 (CHp), -4'0.1 (CH2), '37.7' (CH),

36.4. (CHp), 35.5 (CHp), 35,1 (CHp), 24.8 (CHp), 21.6 (CHz),

15.4 (CHp), 14:2 (CHz), 9.0 (C), 8.8 (C). Exact mass calcd

for CgHy40: 138.1045; found: 138.1047.

+ Oxidation of i23 and 124
To a slurry of PCC (2.33 g, 1.08 x 1072 mol),
sodium acegatet(o.lé g, 2.2 x 1074 mol), filter aid
(Celite, ?.33 g) and methylene chlor ide (3.%0 mL) was added

the 1:1 mixture of 123 and 124 (1.00 g, 7.25 x 10-3 mol) in
;0 i ' & . 4
methylene chloride (9.60 mL). ~After btirring for 3 h the

reaction mixture was diluted with arthydrous ether (60 mL),

and the supernatant decanted from the black gum. e b

<

insoluble residue was washed with Et;0 and theycombiﬂed'-k

‘organic f;aﬁtions were washed{qiéh 10% Naoniaolution and-
: , . A :
with,HzOlbefore drying over .MgS0Og4 - ~3gmova%lpgéthe qpl?enﬁ ‘

-gave a 1:1 mixture of X235 andxlzs'(0.99 g); ir (CHC13)§,J-Jf

e o




3080, 2980, 1765 cm~l; 13Cmr (CDCl3): 8c: 218.5 (C=0),
215.4 (C=0), 57.6 (CH), 52.1 (CH), 44.2 (CHp), 46.0 (CH),
43.7 (CH2), 39.0 (CH), 38.4 (CH2), 18.1 (CHpz), 36.8 (CH),
35.6 (CHz), 24.4 (C), 21.2 (€), 15.2 (CHp), 13.8 (CHp),
10.0 (CH2), 9.4 (CHp). Exact mass calcd for CgHj20:
136.0888; found: 136.0885. '

-

Dimethylation of 125 and 126

L. 3
2

Féllowing the general procedure, a slurry of
‘sodium amide (1.90 g, 4.87 x 16—2'mol), Et20 (30 mL) and a
1:1 mixture of lZ? and 126 (0.83 g, 6.1 x 103 mol) was
refluked f?r 2 h. HMethyl iodide-was. then addec (0,76 mL)
and threc further additions were ﬁade,afcer 2 h (0.76 mL),
4 h (£.52 mL) and 11 h “«(1.52 mL).‘ After refluxing for an
additional 5 h the reaction mixture was woréed up to
furnish an oil (0.86- g) which by 13cpr spectroscopy was &

*

mixture of mono- and dlmethylated ketones.~ Two addxtxonal

12

cycles furnlshed a 1:1 mixture (0 77 8) of 127 and 117b,

which were segarated and collected by preparatlve glc

’

(PROP). e
éor 117b; - ir (CHC13): 3030"2321, 1737 émX.  Exact mass
J .calcd for €11H160: 164. lZOl;dfqaqd:. 164.1967.
For 127; ir (CClg): ‘3080, 2990, 1739 em-l. Exact cass
: :Calcd.fpr CllH169= 184J&2OJ7 found: fi64?12b%u”\
.

]
. e, . A



gl

Hydrogenation of 116b and 117b

After stirring for 3 h the reaction was worked up as

-~

An approximately 1:1.6 mixture of 116b and 11lTb

(0.21 g, 1.3 x 10-3 mol, the product  from homoenolization
8 ; ¢

of 116b £oF 187 h at 185°C) was added to a pressure vessel

containing glacial acetic acid (7 mL) and ?tOZ A0.10 g) and
B ) 0\\
the mixture was treated with-hydrogen (50 psi) for 33 h.
N » S
After the addition of H20 (10 mL), the mixture was
b

neutralized with NayCO3 and the catalyst was removed by

filtration. The neutral solution was éaturated‘with NaCl .

" and. extracted with pentane (3 x 20 mL), ;he combxned

extracts were then washed with an aqueous saturated Na2C03
solu;xon (10 mL) before drying over'MgSO4. Removal of the\
solvent gave an oil (0.20 g), which glc'analysis (FFAP)
1ndicated was a mxxture of 1lba (37%) and 128 (63%).

Flash chromatography (Etzo petroleum ether, 10 90) furnished

pure samples of 116a (0.78 g, 4.8 x 1074 mol) and 128 (0.10

g, 6.0 x 1074 mol): ir (fFilm): 3360, 2945, 1073 cm 1.
Exact mass calcd'fpr C31H200: 168.1514; found: 168.1517.

Oxidation of 128

To a slurry of PCC (0.19 g, 8.8 x 104 mol),
sodium acetate (15 mg), filter aid (Celite, 0.19 g) and -
methylene chloride (1.60 mL) was added a solution of 128 -

(0. 10 g, 6.0 x. 10-4 mol) in 4§§hylene chloride (1.0 mL).

'dqscz;bed for the oxidation of 123 and. 124. Plash

chrqm&fography of the product gavé‘ll?a (88.mg, 89%): ir

1] .
[}




§

(film): 2939,51745 cm™); 13Cmr (cnc13) ocN\\ﬂzs 7 (c=0),

58.0 (CH),.50.9 (CH), 49.0 (C), 61.4 (CHp), 38.2 (C), 35.6

(CH»), 34.6 (CH3), 29.2 (CH3), 27.7 (CH3), 24.3 (CH3).

Exact mass calcd for CjjHjg0: 166.1358; found:

166.1362. . |
(L) EXPERIMENTAL FOR CHAPTER 12 s
Moﬁ%&etﬁylation'of 71 (132) L

" + . To a stirreldl solution of LDA -(prepared from diiso-

K3

p}bpylamfne (0.53 mL, 3.8 x 10'3dmol)[ THF (6 mLannd

nlBuLi in n—ﬁeiane (2.5 M,‘lzéo mL) ét -78°C) under a -«

'nltrogen atmosphere was added dropw1se a solutlon of 71

(0 40 8 2.7 x 1073 mol) in THF (2 mL) and stlrrxng was

. contlhueq fotl&S_m1n3' Methyl 1odlde (O 34 mL 5 4 x 107 3

a

~ 901Vent by evaporatxon gave 132 (0 43 g, 98%) which was

° = -

Tnoi) was then added and the mlxture was stlrred ovqrnighti

(-4

“at room temperature. Diluting the mixture with aqueous 10%

£

NaCl solution (10 mL) the produét was extracted With
éénténe (4 x 15 mL)." The combined extracts were then
Qashéd with ahaaqueous 10% NaCl solution (2 x 15 mL) and

w;th HpO (15 mL) before drylng over Mg504 Rghoval'of the . =

pureﬁby glc~analysxs- Ar (CClq)- 3080 2940 1748 em 1;
13¢mr (CDClg) ac, 213.4 (€=0), "145.0. (C), 143.0 (cn), 131 3
(cn), 117.6° CC), 57.8 (CH), 48.5 (CH), 44 3 (CH), 19.9
6CH3), 19.4 (CH3), 16.0 (CH3); 1Hmr (coc13) 8: 6.66 (1H,

dd, J = 5.8, 2.8 Hz), 6.24 (1H, m), 3.53 (1H, m), 3.34 (1H,

y
.

[ Y - N -
m), 2.14 (1H, g, J = 7.3 Hz), 1.68 (CH3), 1.63 (CH3), 1.04

2
’

ey



(¢H3, 4, J = 7.3 Hz). Exact mass calcd for Cy)H)40:

. 182.1045; found: 162.1039.

. A -
Hydrogenation of 132 (133) -

To a solution of 132 (0.22'g, 1 4% 1073 mol) in \

‘95% ethanol (3.26 mL) was added 10% Pd on actlvated
-charpoal and the mixture was hydrogenated (760 Torr) for
6 h The catalyst was then ramdved by fiitration and the
ethanélic solution was qxluted w;th aqueous 10% NaCl ]
.solution {6 m@) apd extracted thh pentane (3 ¥ 8 mL). Tﬁe'

. - R . . . “
combined extracth were washed with aqueous*10% NaCl

solut ion (2 x lO mL) and with Hy0 (10 mL)ibefore drying
o éﬁ; -dven MgSOg4 . The cdhbined aqueous fractions were then
‘ backwashed thh psntane {20 mL) and the organic washings
were combined gemoval of the solvent by evapcratlon gave
133 (0. 22 g, 1.3 x 10'3-mol) in 99% yield, which glc (PFAP)
éw'xndlcated was pure; ir (CClg): 2960, 1745 cm“l car
| (CDCl3) ?c‘ A&l? (Ccd)l 136.4 (C),‘lZI.% (C), 52.0 (CH), _
51.3 (cH), 43.7 (CH), 27.1 (CHz), 24.0 (CHp), 20.7 (CH3),
200 3 (CH3), 15. 2 (CH3),.ler (cnc13) 8: 3.05°(1H, m), 2.09
(lH,'q,‘J f 7.4.Hz),'l 75~1.90 (3H, m), l 73 (CH3) 1.69
(CH3}, laeaff.sﬁ_(zn, m), 1.02 (CH3, d, J = 7.4 Hz). Exact
) mas§:caled for-Cj1H1g0: lQ%.lZOl; found: 164.1201.

i -

', JMethylation of 133 with NaNHp/Mel
- 1 - "
.~ Pollowing the usual procedure a mxxture of 133

f

-

(o 4z g, 26x1.03mol), WalNH2 (0.84 g, 22x102mol)




39‘ o .
and Et20 (8.40 mL) was refluxed for:2:5 h. ﬂ‘Methyl'iodide
(1.00 mL).was then added and folur furthb: additions of CH3l
were made after 8 h .50 mL), 4-h (0.50 mL), 3 h (0.50
mL), gnd 2 hi(0.3l ml). After refluxing for an additional
17 h tﬁe reaction was Qorkedfahrﬁo'ﬁﬁrnigb an oif (0.43 g,
| 24%), wh;ch glc analysis (FFAP) indicated was > 98% 129.

Prep&rative glc (PFAP) furnished pure samples for

: characterLZation and for *the homoenol&zatlon expor iments; -

ir (CClg): 2970 1747 cm 1, Exact\mass_calcd for
Lo

C12H1g0: ;78.1358; found: 178.1361. 9

.
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