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The synthesis and investigation of the solvolytic behavior of

carbonium ion intermediates in the tetracyclo[4. 3. 0. 02' 4. 03'
7]

and tetracyclo[4. 3. 0. 02,
4.

03,
8]nonane ring systems is described.

A 92:8 isomeric mixture (57% yield) of exo- and endo-8-

acetoxytetracyclo[4. 3. 0. 02' 4. 03' 7]nonan- 5-one was obtained from

silver catalyzed rearrangement of exo-9 -bromotetracyclo -

[4. 3. 0. 02' 4. 03' 7]nonan-8-one. The structures were confirmed

by spectral and degradative methods. Synthesis of a series of

5-substituted exo- and endo-8- brosyloxytetracyclo[4. 3. 0. 02,
4. 03, 7]-

nonanes from the aforementioned acetate was accomplished by con-

ventional methods. The rates of acetolysis were measured and the

acetolytic products analyzed. A a *p plot was made for both the

exo and endo brosylate series. A value of p = -2. 68 ( correlation



coefficient = -0.983) was obtained for the exo series, while a value

of p = -1. 63 (correlation coefficient = 991) was obtained for the

endo series. The amount of endo-8-acetate formed upon solvolysis

of endo- and exo-8-brosyloxytetracyclo[4. 3. 0. 02,
4.

03,
7]nonan-5-

one was found to be 11% and 13% respectively. exo- and endo-_____

Brosyloxytetracyclo[4. 3. 0. 02' 4. 03' 7 ]nonan-5-one ketal gave < 3%

endo-8-acetate upon acetolysis. exo- and endo-8-Brosyloxytetra-

cyclo[4. 3. 0. 02, 4. 03, 7]nonan-5-one ethane dithiol ketal were found

to give 83% and 35% yield of a rearrangement product on acetolysis

whose structure was characterized as dihydro-2-dithiin (46, Part I)

by spectral analysis. Acetolysis of exo-8-brosyloxy- 5-methylene-

tetracyclo[4. 3. 0. 02' 4. 03' 7] nonane was found to give a rearrange-

ment product whose structure was determined to be that of com-

pound 59 (Part I) by spectral and chemical methods.

The kinetic rates, p values, and solvolytic products were

determined to be consistent with the direct formation of a non-

classical ion in the exo series in which charge is delocalized be-

tween C-8 and C-4, and which is inductively destabilized by electro-

negative groups at C-5. A classical ion intermediate is favored as

the first formed intermediate for the endo series of brosylates.

Synthesis of 7- substituted tetracyclo[4. 3. 0. 02, 4. 03,
8 ]nonanes

and nonan-5-ones was undertaken. Solvolysis of exo-7-chlorotetra-

cyclo[4. 3. 0. 02' 4. 03' 8]nonan-5-one in acetic acid with AgOAc as



a catalyst was found to give exo-8-chlorotetracyclo[4. 3. 0. 02,4. 03,7]-

nonan- 5-one as a rearrangement product. The rearrangement

structure was confirmed by independent synthesis. The synthesis

of exo-7-brosyloxytetracyclo[4. 3. 0. 02,
4. 03' 8]nonane is described.

Confirmation of the structure was based on proton decoupling of an

Eu(fod)
3

treated nmr sample. Acetolysis of the brosylate was found

to give rearrangement to exo-8-acetoxytetracyclo[4. 3. 0. 02' 4. 03'
7]

nonane. Incorporation of deuterium at C-5 in the brosylate was

accomplished. Acetolysis of C-5 deuterated brosylate was found

to give exo-8 -acetoxytetracyclo[4. 3. 0. 02'
4. 03,

7 ]nonane in which

deuterium was distributed between C-9 and C-5 in the ratio of

1:1. 79, respectively. Alternative mechanistic pathways are dis-

cussed. The tetracyclo[4. 3. 0. 02' 4. 03' 8]nonyl carbonium ion was

determined to be a probable intermediate in the acetolysis of endo-

8 - brosyloxytetracyclo [4. 3. 0. 02,
4. 03,

7]rionane.
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CARBONIUM ION INTERMEDIATES IN THE
TETRAC YCLO[4.3.0.02,4.03' 7L AND
TETRACYCLO[4.3.0.02,4.03* ]-

NONANE RING SYSTEMS

INTRODUCTION

Of all the processes available for organic chemical trans-

formations, the one which has received by far the most attention

has been that producing positively charged carbonium ions, or

carbonium ion-like reaction intermediates.

R X R
+

+ X PRODUCTS

Ways in which such an intermediate can best accommodate the

positive charge have been and still are one of the most stimulating

areas of physical organic research. The following introduction

will deal mainly with background on carbonium ion chemistry

relevant to this thesis.

A carbonium ion is best viewed as a positively charged inter-

mediate containing a trigonal carbon having three sp 2 orbitals at

120° angles, perpendicular to an empty p orbital (1).

120
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Due to its structure, carbonium ion reactions will not normally be

stereospecific. However, steric requirements for incoming groups

may give rise to preferential attack from a certain direction.

De localization of positive charge from its center will facilitate

charge formation. Two common methods to achieve this are inductive

electron donation through sigma bonds and Tr -orbital overlap.

CH
3

H C - - -C1

5+

Cl

CH3 CH3

Inductive Effect TT Resonance Stabilization

H3

Such effects usually manifest themselves in acceleration of rate of

ionization of the reactant, RX (X = leaving group such as halogen

or OTs).

One of the more important concepts in carbonium ion chemis-

try has been that of neighboring group participation; the interaction

of nearby groups (not bonded directly to C -a) to delocalize the buildup

of charge at a positively charged carbon. Such participation, result-

ing in bridging, is illustrated in scheme 1 (2).



A B;

A /°
B.

A

B SOH
c

A
1

SOH

/SOH A-B

AB C

Scheme 1

2

4

3

Displacement of X is aided by backside bridging of B to give 1. The

reaction may then proceed by attack of solvent, forming 2 or

solvolysis to give 3 and/or 4. Formation of 3 proceeds with inver-

sion of configuration, whereas 4 is formed with retention. Participa-

tion by B should result in an acceleration of rate if such a process

occurs during the rate determining step of the reaction.

The concept of bridging and bridged ions is not new. Intermed-

iates such as 5 and 6 have been suggested to account for experimental

results in their respective systems three decades ago (3, 4).
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OAc

H : Product

0 CH3

X

Br

I.

CH3 CH CH---- CH3 ----I'

X

5

.Br

H

\
CH3 CH CH CH3

X

--) Product

An early example of TT - participation from a f3-vinyl group in

a homoallylic manner was the solvolysis of 4- methyl -3- pentenyl

chloride 7 to form cyclopropyl dimethyl carbinol 8 (5).

C

C
CH3 7

CH3

H2O

CH C
3

OH

CH3

8

The product suggests strongly that bridging by the double bond

occurs during the reaction.

Similar results were discovered by Winstein in the A5-

cholestene system (6). Solvolysis of A5 -cholestenyl tosylate 3

gave bridged product 13 consistent with homoallylic ion intermediate
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10 or equilibrating ions 11 and 12.

The existence or non-existence of assistance by sigma bond

participation, and the nature of such assistance has stirred more

controversy among physical organic chemists over the past two

decades than any other single issue. The earliest suggestion for

such a bridged ion intermediate came in 1939 from the work of

Nevell de Sa las and Wilson on the rearrangement of camphene

hydrochloride 14 to isobornyl chloride 15 (7). The isomerization

was postulated to proceed via intermediate 16, to account for a higher

than expected rate, and the stereospecificity of the reaction.
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The rationale for the intervention of a nonclassical ion must

arise from some favorable energy relationships in going from reac-

tant to product over that for a classical ion, as shown in scheme 2 (8),
Scheme 2

R ...., / R1CC , + %I % 6_ R

'--.;., -z-z. 3., r ":";,'C C..
6- Z"-- t- .., \+ )1

-C .--"C,
17 18

6
6+,

rd -- ''"N C '
,,ti I\

-\ / + 7 "1;

/ Ci '
8 = ---- c c , 5

C:
x.

----

-,4' c,"
19,e...o

Reactants

Re action Coordinate

Products

In the classical representation, an equilibration of classical ions 17

and 18 is set up and determines product composition, differing from

the single nonclassical ion 19 in path B, Although schematically the

transition states for the two processes are quite different, methods

for determining which mode of transformation a system may be

undergoing have not met with unqualified success. The bridged or

nonclassical ion represented by 19 is, as defined by G. D. Sargent

(9, p. 308):

a positively charged organic moiety, representing a
free-energy minimum with respect to internuclear dis-
tortions, which is capable of delocalizing positive charge
density by means of a multi-center molecular orbital
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formed, at least in part, by sigma overlap of atomic
orbitals on two or more carbon atoms.

In 1949 Winstein and Trifan (10) found that exo-norbornyl

borsylate 20 solvolyzed considerably faster than endo -norbornyl

brosylate 21 (ca. 350 times).

20

21

HOAc

B

HOAc

OAc
25

99.5% exo
99.9% racemic

25
OAc

99.5% exo
92% racemic

Optically active exo-brosylate was found to give 9 9 . 5% inactive

exo-norbornyl acetate; endo-brosylate also gave racemic exo-

acetate, but to a lesser extent. The increase in rate was attributed

by Winstein to participation of the C-1-C-6 bond in the transition

state. In the endo-case, unfavorable geometry during ionization

prevented participation. The endo-isomer was thought to form

classical ion 23, which then could proceed by two alternative routes:

(a) via bridged ion 22 (23 and 22 forming products), or (b) via C-1-

C-6 bond migration, forming ion 24 (23 and 24 forming products).
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Winstein favored a, which would account for the exclusive formation

of exo -acetate 25 by shielding the endo-side from attack. An addi-

tional facet of the reactions of the 2-norbornyl carbonium ion was

uncovered by J. D. Roberts (11), who found that by labeling exo-2-

norbornyl brosylate at C-2 and C-3 with 14C that solvolysis gave a

near equilibrium distribution of 14C from C-2 over positions 1, 2,

and 6, and 14C from C-3 over positions 3, 5, and 7, revealing the

presence of a 2,6 hydride shift.

The postulated existence of nonclassical ions has not received

open acceptance by all chemists. One of the strongest dissenting

views has been that of H. C. Brown (12, 13, 14, 15). Brown observed

that there were three basic criteria which must be met in order to

postulate a nonclassical intermediate in the norbornyl system (1)

an unusually fast rate of solvolysis for the exo-isomer (2) a high

exo/endo rate ratio, and (3) stereospecific exo-product (12). He

subsequently investigated systems which would possibly test the

validity of these criteria. To Brown, the observed chemical proper-

ties of the norbornyl system are derived from strain and steric

interactions in the molecule (13). The difference in rates of solvoly-

sis were attributed to an abnormal slow rate for the endo-isomer due

to steric interaction between the leaving group and the endo-hydrogens

on C-5 and C-6.
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The logic of such an argument has been questioned by Winstein

and co-workers (16), who found that 5, 5- dimethyl -2- norbornyl brosyl-

ate 26 solvolyzes essentially as fast as parent endo-2-norbornyl

brosylate 21.

26

k (rel 21) 0.71

If steric interaction was a factor, substitution of methyl for hydrogen

should have caused a substantial deceleration in rate. Also,

Schleyer (17) found that 6, 6-dimethyl-exo-2-norbornyl tosylate 27

solvolyzed 20 times slower than exo-2-norbornyl tosylate 20, whereas

endo-isomer 28 was only 16 times slower than its endo-2-norbornyl

counterpart.

OBs

HOAc>
OAc
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HOAcOTs

HOAc--)
OTs

Such evidence seems to support formation of a nonclassical ion, in

which deceleration arises from nonbonded steric interactions of the

methyls at C-6 and protons at C-1 and C-2.

One problem in determining whether a system is reacting at

a fast, normal, or slow rate is to make an appropriate choice of

the model compound to which the rates are compared. Schleyer

and Foote (18, 19) have established a method for calculating non-

assisted rates by evaluating rate changes from changes in bond

angle strain, torsional strain, and steric nonbonded interactions.

The degree of accuracy for a wide range of known compounds has

lent considerable strength to their method. On the basis of their

calculations, exo-2-norbornyl tosylate 20 solvolyzes 10 3. 2 times

faster than predicted for non-assisted solvolysis, whereas the endo-

isomer solvolyzes at a normal rate.

Brown observed quite logically that the more stable the cation
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becomes, the less nonclassical character should be encountered

(15). Bunton (20) earlier had noted that nonclassical intermediates

would not be important in tertiary norbornyl derivatives, owing to

the stability of the tertiary ion. Subsequently Brown and co-workers

studied the rates of solvolysis for norbornyl derivatives in which

decreasing nonclassical character would be expected, as in the series

of ions 23, 29, 30, and 31 (15, 21).

23 29

CH3

30 31
OCH

3

Several of the tertiary ions had high exo/endo rate ratios. These

values were quite close to the magnitude predicted by steric non-

bonded interactions alone.

kexo
( ) exp
kendo

k
exo

) calc
endo

593

550

Me

140

115

83

160

Sargent (9) has questioned the use of such results to demonstrate the

lack of nonclassical character in the 2-norbornyl system, and that
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their results were from a fortuitous cancellation of decreased

participation with increase in relief of steric strain.

Brown (12, 29) has also demonstrated that predominate forma-

tion of exo-products is not necessarily a unique feature of solvolytic

reactions in the norbornyl system. Sodium borohydride reduction

of tosylate 32 or chloride 33, which presumably goes through ion 34

by exo -hydride attack, formed mainly hydrocarbon 35. He also

pointed to the finding that hydroboration of norbornene gives 99. 5%

exo-norborneol.

35

CH3

However, if steric hindrance to approach were the cause of pre-

dominately exo-products, then hydrolysis of exo-apoisobornyl

brosylate 36 should give some endo-alcohol, since the syn-methyl

at C-7 would be expected to cause steric problems for exo-attack

(23). This reasoning is substantiated by the fact that reduction of

norbornanone 37 with lithium aluminum hydride gives 94% endo-2-

norborneol 39, whereas apofencho-camphorone 38 gives 91% exo-



apoisoborneol 40 (24).

H20

LAH

LAH

OH 9196

13

Less than 0. 05% endo alcohol was found on hydrolysis of 36.

Racemization has been attributed by Brown to a rapid equilibra-

tion of ions 23 and 24, inhibiting endo attack (13). Such an equilibra-

tion would account for the high stereospecificity in solvolysis of

exo-2-norbornyl tosylate. However, the unlikelihood of such an

equilibration has been pointed out by Winstein (25), demonstrating

that the rate of Wagner-Meerwein rearrangement must occur 2000

times faster than solvent attack to account for total racemization,

and must be 2 x 1012 to 2 x 1013 sec -1. This rate is close to zero
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activation energy (F*).

P. Gassman (26, 27, 28) has studied the effect of several

groups capable of destabilizing delocalized charge in the norbornyl

system. The rates of solvolysis of exo- and endo -2-tosyloxybicyclo-

[2. 2. 1 ]heptan-7-ones 41 and 42 were found to be approximately that

obtained for endo-norbornyl tosylate 44.

O

OTs
41

rate 1.44 x 10-8
(sec-1)

O
ft

42 OTs
8.66 x 10-8

rate
(sec-1) 2.33 x 10-5 8.28 x 10 8

If both exo- and endo -norbornyl tosylates solvolyze to the same

classical ion, then approximately the same rate ratio as for the

parent norbornyl tosylates should have been obtained, since the

carbonyl at C-7 should have little effect on solvolysis at C-2. How-

ever, the results indicate that exo-tosylate 41 lacks the rate enhance-

ment by neighboring participation of C-1-C-6 bond due to unfavorable

charge interaction between carbon 7 and carbon 1 in delocalized



structure 45.

0
11

0

OTs

Whether or not a difference in hybridization (carbonyl sp 2) in

41 was affecting the rate of solvolysis remained a question. To

pursue this, tosylate 46 was solvolyzed (27).

b

46

HOAc

OTs

r"--10 0

15

Deceleration of rate was again found, consistent with inductive

destabilization of a transition state with some of the character of

ion 47.

In conjunction with the previous work, Gassman (28, 29) has

studied the solvolysis rates for a series of 7-substituted 2-norbornyl

tosylates. A u*p plot for the exo-tosylates gave a p value of -2. 33

(correlation coefficient -0.979). This data would fit nicely for a

reaction via a nonclassical ion in which the decrease in rate would

parallel the increase in electron withdrawing power of the
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7-substituents. Only a random scattering of points was obtained

when oxygenated functions were used in the endo-case, due to

anomolous participation by these functions, as shown in the reac-

tion below.

HOAc
-->

OCH
2

CH
2
OCCCH

3

Elimination of these oxygenated compounds from the plot resulted

in a p value of -1.984 (correlation coefficient = -0.983). Gassman

concluded that the small difference in p values indicated that the

electron-withdrawing substituents have only a slightly larger effect

on the exo-2-norbornyl tosylates' rate of acetolysis than on the

endo-tosylates', and that the amount of anchimeric assistance in

43 must be small. The limited amount of data available and the

eratic behavior of the oxygenated substrates for the endo- cr =',1) plot

render Gassman's conclusions open to debate.

Other workers have pursued the 2-norbornyl cation question

with additional electron withdrawing substituents. Muneyuki and

Yano (30) have recently studied the effect of 1-substitution, using

the electron withdrawing cyano group. 1-Cyanoapoiso and 1-cyano-

apobornyl brosylates 48 and 49 were solvolyzed.



48

OBs

CN

(98. 2%)

OAc

(96.9%)

17

Brosylate 49 was found to undergo solvolysis at a rate predicted by

the Taft a* value for a 13-cyano substituent, whereas the retardation

of rate of solvolysis for brosylate 48 was much too large, consistent

with 1-6 sigma participation in the transition state for the parent

7, 7- dimethyl- exo- brosylate.

Schleyer (31) has studied the effect of methoxy groups at

various positions in the 2-norbornyl system.

(75)

(100) (6200)

k (25°) fore o endo
-OCH3 substitutent at
positions indicated
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Schleyer concluded that methoxy groups have limited utility

in investigating charge delocalization, as either a rate enhancement

by donation of oxygen's lone pair of electrons may occur, as at C-1

when considerable p character is developed, or rate retardation may

occur by inductive destabilization, as found at C-7, C-5, and C-6,

when little p character is developed.

Further evidence on the existence of a bridged species was pro-

vided by an investigation carried out by E. J. Corey and co-workers

(32) on the solvolysis of optically active exo-2-norbornyl m-carboxy-

benzene sulfonate 50.

02C

50

SO-
3
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Only optically inactive alcohol was obtained from hydrolysis of the

carboxylic ester. If a pair of rapidly equilibrating ions were formed,

then some net retention would have been expected by recombination of

the first formed carbonium ion at C-2, due to its proximity.

In 1964 Schleyer and co-workers (33) reported direct observa-

tion of the 2-norbornyl cation at low temperatures in SbF5-S02.

Three absorptions were observed at -60° , in the ratio of 4:1:6, con-

trasting with only one at room temperature. One explanation was

the formation of a norbornyl cation which may (1) undergo a rapid

Wagner-Meerwein rearrangement of 51, (2) a 6-2 hydride shift to

ion 52, and (3) a 3-2 hydride shift to ion 53, the latter process being

fast at ambient temperatures but negligible at -60° (Scheme 3). The

4 proton absorption is due to protons at C-1, C-2, and C-6, the 1 pro-

ton absorption is due to the C-4 proton and the 6 proton absorption

is due to protons at C-3, C-5, and C-7. Unfortunately, either a

rapid Wagner-Meerwein equilibration of classical ions relative to

the nmr time scale, or previously discussed nonclassical ion 22

would explain the results.

The advent of 13C nmr spectroscopy has had considerable

impact on the 2-norbornyl cation controversy.
13C provides a

diagnostic probe in which the carbon atoms themselves are observed,

rather than relying on secondary information. The most informative

work has been presented by Olah and White (34, 35, 36). An



Wagner-
Meerwein

1 =2

3 E- 7

Scia,',rne 3

2 E- 6

3 =

rk?
1 s 4

27-13

5 -7:6

20
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extensive study of 13C shifts was first made for established classical

ions; a few examples are shown in Table 1.

Table 1. 13C Chemical Shifts.

Ion ppm J 13C-H

(CH3)2CH 132.8 132.0

(CH
3

)
3
C+ 146.3 132.0

(CH
3

)
2

C
+

C
2

H5 150.1 132.0

(CH
3

)
2

CHC
+
(CH3)2 151. 8 132.0

*5 rel to 13C
S2

As with proton spectra of carbonium ions, a large downfield shift

occurs for carbon atoms associated with carbon nuclei at or near

a charged site. Olah found that different from 1H nmr, 13C can

differentiate between rapidly equilibrating ions and bridged ions by

its sensitivity to changes in charge distribution. The 13C chemical

shift was found to be 5 = 120.8 for the intermediate formed on ioniza-

tion of 54.



OH

I H
/C-C`

I

r

54 Br
56 57

The chemical shift due to a rapidly equilibrating pair of carbonium

ions 56 and 57 should be an average of the two independent sites,

leading to a predicted value of 13 ppm, different from the observed

value. Olah predicted a. value of 125 ppm for the bridged specie

55, based on analogs in heterocyclic systems similar to 55, a value

in very good agreement with the observed shift.

Subsequently, Olah (36) examined the 13C spectrum of the

norbornyl cation at low temperatures in SbF5-S02. At -150° a two-

carbon resonance was obtained which was assigned to C-1 and C-2,

derived from ion 22 or equilibrating ions 23 and 24.

55

H+ + 7
G---- C--_H

Br

22

-4 Product

22 23 24
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The prediction for the 13C shift of a set of classical ions is 16. 5 ppm,

considerably different from a 70 ppm shift (rel 13CS
2)

observed.

Additional low tempe rature studies at other temperatures further

substantiated these findings. In fairly strong language Olah (36)

concluded that:

these studies give a definitive answer to the controversial
question of the nature of the long-lived norbonyl cation,
showing without doubt that it is the cr- delocalized, non-
classical ion

Unfortunately evidence of bridged nonclassical ions in Sbr 5-

SO2 at -150° does not unequivocably answer the question as to their

role under ordinary reaction conditions.

Olah, Conneyras, and Lui (37) reinvestigated the problem with

both low temperature 13C nmr and Raman spectroscopy, and demon-

strated the close similarity between the norbonyl cation and that for

protonated nortricyclene. Their evidence was in accord with either

corner protonated ion 59 or edge protonated ion 60. In subsequent

work Olah (38) was successful in "freezing out" on the nmr time

scale the hydrogen shift around the cyclopropane ring in protonated

nortricylene, and found that the ion was corner protonated 59. The

activation energy for 6, 1, 2 hydrogen shifts was calculated to be

10. 8 kcal/mol, whereas 3, 2 shift was 5.9, the former proceeding

via ion 59. The higher activation energy for the 3, 2 shift was

attributed to the loss of cr-delocalized energy from a necessary



lengthening of the 6, 2 C-C bond distance in the transition state for

hydride shift.

58

OH

60

59

24

It has been recognized by several workers (39, 40, 41) that the

rate of solvolysis of 7-norbornyl tosylates could be greatly enhanced

by the introduction of it -bonds at C-2,3 and C-5, 6.

Relative
rate (25° )

1 104 1014

Two tempting explanations for the large rate acceleration for intro-

duction of a double bond were (1) anchimeric assistance by homo-

allylic conjugation 61, and/or (2) assistance by formation of non-

classical ion 62 (42, 43).



62

Bs° 6

63 z
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However, it was noted that a 2, 3 double bond would increase the

C 1-C7
-C4 bond angle, favoring the formation of a trigonal carbonium

ion, and consequently enhance the rate.

Tanida (44) has investigated the solvolytic rates for a number

of 6-substituted anti-9-benzonorbornyl brosylates. This enabled a

very probing study to be made of the sensitivity of the systems rate

of solvolysis to changes in electronic factors. A value of p = -5. 10

was obtained. Introduction of a second similar group at the 7-position

(z') gave an additional effect the same as that for the first substituent.

This, coupled with a good sigma-rho plot, provides compelling evi-

dence for ion 63.

Allylic interaction by cyclopropyl groups attached to positively

charged carbon atoms is now well documented (45, 46). Enhanced

reactivity has invariably been found if the plane of the cyclopropyl

ring is parallel to the vacant carbonium ion p-orbital. Recent inter-

est and controversy has centered on its participation in more remote

positions. Roberts (46) found that solvolysis of homoallyl,
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cyclopropylmethyl, and cyclobutyl chlorides gave products in the

same ratio, suggesting nonclassical ion 64 as a common intermedi-

ate.

A`CH
2

Cl

CH3 CH = CHCH
2
Cl -4

Cl

C/c - - -
6 . / 6/

C

64

Products

Subsequent work involving deamination of cyclopropyl carbinyl amine

with nitrous acid was found to give slight differences in the amount of

14C scrambled in the three positions (47). To account for this,

Roberts suggested an equilibration of three nonclassical ion inter-

mediates.

CH CH
2 2

I + //
I 14

CH
2*

111
r--

Z4cp2NH2

HNO
2

CH- CH,
2 /1 4

/
+

14!
CH'- - -.C2

2
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Olah, Kelley, and Porter (4d) have reinvestigated the cyclo-

propyl carbinyl cation, utilizing 13C nmr. An equilibrating pair of

classical cyclopropylcarbinyl ions was ruled out, and rather a rapid

equilibration of nonclassical ions similar to those of Roberts were

postulated:

H

H

Hi
H \ I ieK

H

Equilibrating bisected cyclopropylcarbinyl cations (above)
Equilibrating bicyclobutonium ions (below)

H
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Winstein and Sonnenberg (49, 50) studied the solvolysis of

cis- and trans-bicyclo[3. 1. 0. ]hex-3-y1 tosylates 65a and 66a, and

found that the rate of acetolysis of the cis-isomer was 9. 2 times

that for the trans. cis-tosylate 65a gave only cis-acetate 69, whereas

the trans-isomer gave 69 and 70. Solvolysis of C-3 labeled cis-

tosylate 65b gave bicyclo[3. I. O]hex-3-y1 acetate with deuterium

completely scrambled over C-1, C-3, and C-5. trans-Tosylate

66b gave no deuterium scrambling. Winstein postulated that non-

classical trishomocyclopropenyl cation 67 was formed, with cyclo-

propyl backside assistance in the solvolysis of the cis-tosylate.

The trans-isomer is sterically hindered from backside assistance,

and thus forms a classical ion. A rapidly equilibrating set of clas-

sical structures was ruled out on the basis that the classical trans-

isomer should then exhibit scrambling.

65

a. R= H
b. R = D

TsO

a. R = H
b. R =D

OTs

-"

R

,..

68

Ac
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However, Corey (51) found that deamination of 3-deuterio-cis-

bicyclo[3. 1. 0]hexyl amine gave a mixture of cis- and trans-alcohols

with little deuterium scrambling, casting some doubt on the validity

of the trishomocyclopropenyl ion in the amine deamination reaction.

Haywood-Farmer and Pincock (52) have solvolyzed both endo-

anti- 8-tricyclo[3. 2. 1.02, 4]octyi p-nitrobenzoate 71 and endo-syn-

8-borsylate 73. A tremendous rate enhancement, 1012 greater than

7-norbornyl brosylate 72, was obtained for 71. endo-syn-Brosylate

73 solvolyzed only a factor of 10 faster than 72. On the basis of the

kinetic data, intermediate 74 was proposed for the solvolysis of

endo-anti -isomer 71. It was noted, though, that formation of 75

would release some of the strain in the molecule and might account

for the rate enhancement.

BsO

k (rel 72)
100°

1

HO

75
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Rearrangements do not necessarily involve changes in molecu-

lar structure, but may involve an interchange of bonds or atoms,

leading to products which have the same structure as the starting

material. Such ions or intermediates are termed degenerate (53).

A degenerate rearrangement must involve passage over an energy

barrier, and not transformation by resonance. Thus, in allylic

chloride 76, equivalency arises through resonance, whereas in the

second and third examples (Scheme 4), equivalency occurs by alkyl

or hydride migration through a finite energy barrier. In the strictly

classical sense, the 2-norbornyl cation is degenerate, as is the

homocyclopropyl carbinyl and the trishomocyclopropenyl cation.

Scheme 4

(-4

III

.*
+

+ *

H C CH --' HC . CHz
2

* +

R

R

+ *
C C R C mism C
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In recent times considerable work has been accomplished in

systems which have potential multiple degenerate rearrangements.

The interest in such systems has been prompted by new and refined

methods for physical detection, as attested by the elegant laser raman

and
13C nmr work of Olah. Fairly complex molecules with a high

degree of symmetry generally have the greatest chance for multiple

degeneracy, and those successfully synthesized have quite naturally

captured most of the interest in this field. Systems which contain

potential combinations of alkyl, cyclopropyl, and allyl rearrangements

may be very informative as to the competitiveness of these processes,

and to the existence of bridged ion intermediates. It should be pointed

out that multiple degenerate rearrangements may be quite rationally

envisioned for a system, which in fact shows no degeneracy at all.

For example, quadricyl cation 77 is potentially totally degenerate

by cyclopropyl carbinyl-cyclopropyl carbinyl rearrangements.



77

However, solvolysis of 7- deuterioquadricyclyl tosylate gave no

scrambling of deuterium (54).

Several C
9

H
9

ions are potentially degenerate. The 9 -homo-

32

cubyl cation 79 can regenerate itself by a series of Wagner-Meerwein

rearrangements, resulting in scrambling of the nine ethine units (55).

OT (D)

(D)
78

In the formolysis of deuterated 9-homocubyl tosylate 78, Schleyer

(55) found that complete degeneracy had been achieved. However,

Petit (56) found on acetolysis that a stereospecific process involving

only Wagner-Meerwein rearrangements trans to the leaving group

occurred. Schleyer calculated that the rate of acetolysis was 400
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times greater than that for unassisted acetolysis, indicating that

degeneracy may proceed through a series of equilibrating nonclassi-

cal ions such as 80 and 81.

80 81

The 9 -pentacyclo14. 3. 0. 02,
4. 03' 8. 05' 7Jnonyl cation 82 also

may exhibit multiple carbon degeneracy by separate bond shifts

involving both cyclopropyl groups by homocyclopropyl carbinyl

participation (58). If bridge flipping can occur, then equilibrating

nonclassical ions 83 and 84 would render all positions equivalent.

83

82

-16

84



34

Coates and Kirkpatrick found that solvolysis of 9-deuterio p-nitro-

benzoate 85 gave deuterium scrambling into only one of the cyclo-

propyl rings. A rate enhancement of 1010 - 1012 relative to 7-

norbornyl derivative 72 was obtained. Acceleration cannot be due

to relief in strain, since the system remains intact. This evidence

gives strong support for the existence of trishomocyclopropenyl

intermediate 83. Coates attributed the lack of complete degeneracy

to a loss of resonance stabilization and to the angle strain generated

on bridge flipping.

85

1
-3 (D) H

1

H 0 (D

_14
--( D)
3

Although pentacyclo[4. 4. O. 02,
4.

03,
8.

05,
7]decyl tosylate 86

does not possess the geometry for degenerate rearrangement, its

cyclopropane rings should be in a position for edge-on participation

with C-9, Dauben (59) found that acetolysis of 86 gave acetate 89

(9 7%). Wagner-Meerwein rearrangement 86 -4. 88 X could not

account for this. Instead, homocyclopropyl carbinyl rearrangement

86 489 - X must be occurring.



86
87

88

HOAc,)

87 89 89 -x

88-x
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A rate enhancement of over 103 times greater than that predicted for

nonassisted solvolysis was obtained, favoring anchimeric assistance.

Schleyer and Leone (60) have investigated the solvolysis of

5-deuteriotetracyclo[4.3.0.02,4.03,7 }-non-8-en-5-y1 tosylate 90.

Carbon degeneracy can be envisioned by consecutive cyclopropyl-

carbinyl and homoallyl rearrangements 91-4.92-493.

90 91 92 T 93

No deuterium scrambling was observed, however. Klumpp and

coworkers (61), in an independent study of the system, obtained

similar results. Both research groups felt the lack of degeneracy

must result from the activation energy involved in transferral of

positive charge from 91 to 93, and also due, in part, to 92, having
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two highly strained double bonds in norbornene ring systems.

The 8-tetrac yclo[4. 3. 0. 02,
4. 03, 7]nonyl cation 94 has been

given extensive study by P. K. Freeman (62, 63). If homocyclopropyl

carbinyl rearrangement occurs then the ion may be twofold degen-

erate.

94
3 95

Such a system incorporates both the nortricyclene (carbons 1, 2, 4, 3,

7, 6, and 5) and norbornane (carbons 1, 2, 3, 7, 8, 9, and 6) ring

systems. Thus, norbornonium ions 96 and 97 double norbornonium

ion 98, and nonclassical ion 99 could be envisioned as possible

intermediates, alternatives to 94 and 9 5 .

96 97

99

8 8+

6+
98
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Acetolysis of both 100 and 101 gave only exo-8-acetate 102. The rate

of solvolysis of exo-brosylate 101 was anchimerically assisted by a

factor of 105.3, using the Schleyer-Foote correlation. Brosylate 100

was determined to be assisted by a factor of 103.1 (63).

OBs
100

` HOAc

k
250

= 4.62 x 10-6 sec-1
Ac0

71 OA

k
250

= 2.61 x 10 -4 sec -1

106
> 99.6%

Acetolysis of 9, 9- dideuterio - endo -8- brosylate 103 gave exo-8-

deltacycly1 acetate 104, in which the deuterium was found to be

exclusively scrambled between C-9 and C-5; 45% at C-5 and 55%

at C-9.

OBs

103

HOAc
(D545)

AcO

104

(D) (D) (45)
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exo-9-Deuterio-exo-8-deltacyclyl brosylate 105 gave, on acetolysis,

106 in which complete scrambling of deuterium between C-9 and C-5

had occurred.

105 106

In fluorosulfonic acid-sulfur dioxide, the nmr spectra of the

deltacyclyl carbonium ions generated from exo- and endo-deltacyclanol

were identical and unchanged from -55° to -10° , exhibiting absorp-

tions at T 4. 83, 7.08, 7. 50, 7. 83, and 8. 23 in the ratio 2:2:2:1:4

respectively. These results were not consistent with formation of

norbornonium ion 96, since no Wagner-Meerwein product was

detected. Double norbornonium ion 98, or a rapid equilibration of

96 and 97 would explain the deuterium scrambling, but would fall

short of a plausible explanation for the nmr results. Freeman feels

that ion 99 plays a major role in these solvolytic reactions. Ion 99

has C2 symmetry, in which five pairs of equivalent protons are

present.



8. 23

4. 83

99

a protons: 7. 08 or 7. 50
b protons: 7. 50 or 7. 08 AcO

H 4.83
i3OAc

(D

7.83>

III
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Alternative mechanisms were advanced, in which the resulLs

were explained by a series of alkyl shifts (scheme 5). Route B, or

B and C would explain the deuterium scrambling. Route B would

give retention of optical activity, whereas a combination of routes

B and C would allow for partial racemization of product. Solvolysis

of optically active endo- and exo-deltacyclyl brosylates 107 and 108

gave exo-deltacyclyl acetate with 57% loss of activity from the endo-

brosylate, and exo-deltacyclyl acetate with 99% retention of optical

activity from 108.

BsO

108

HOAc
Ac

HOA5
Ac

57% loss of optical activity

99% retention of optical
activity



Scheme 5

I//

Dill

/1/

D

40
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The most rational conclusion is that for the exo-isomer, delocalized

intermediate 99 is likely formed. A good explanation for the endo-

isomer is not quite as clear. Freeman attributes the loss of activity

to a process in which a classical 8- deltacyclyl carbonium ion is

formed, which may then give exo-deltacyclyl acetate by (1) reaction

with solvent with no deuterium scrambling, (2) leakage to nonclassical

ion 99, which gives retention of optical activity and deuterium scramb-

ling, and (3) rearrangement by the series of alkyl shifts in scheme 5.

Subsequent to these results, Freeman and Blazevich (64) have

reported the result of a study in which secondary p -deuterium isotope

effects were measured in the solvolysis of 105 and 109.

Bs

105

exo kH/kD = 1,14 ± 0. 02
Bs 109

endo k
H

/kD 1.26 ± 0. 2

A large isotope effect was found for endo-brosylate 109, and a smaller

one for exo-brosylate 105. This is consistent for a system in which

the exo-isomer has a lower hyperconjugative demand in the transi-

tion state, indicative of one in which charge delocalization is occur-

ring.

As yet, a means to give positive evidence for the existence of

nonclassical structures under normal solvolytic conditions has not
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been discovered. However, many of the fundamental concepts of

chemistry are based on the accumulation of empirical evidence.

The nonclassical ion has thus far made good account for itself on

this basis.
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PART I

SYNTHESES AND SOLVOLYTIC REACTIONS OF 5-SUBSTITUTED
8- TETRAC YCLO-[4. 3. 0. 02, 4. 03, 7]-

NONYL BROSYLATES

RESULTS AND DISCUSSION

Freeman and Balls' (62, 63) investigation of the acetolysis of

exo- and endo-deltacyclyl brosylate, 1 and 3, by product analysis,

deuterium tracer experiments, low temperature nmr spectral analysis

of the related alcohols in FSO3H, and by analysis of rates of acetoly-

sis seems to indicate that exo-OBs 1 solvolyzes via direct formation

of intermediate 2, whereas 3 may go through the delocalized ion

indirectly.

BsO

OBs
3

HOAc

HOAc

/0Ac

In
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An interesting test for a transition state with delocalization corres-

ponding to 2 might be made by studying the effect of electron with-

drawing groups at C-5. If delocalization as in 2 occurs to some

extent in the rate determining step of the reaction, then electron

withdrawing groups at C-5 should cause an unfavorable dipole-dipole

interaction resulting in a rate deceleration for acetolysis of 4 rela-

tive to 1, and possibly a change in the exo/endo product ratio ( > 99. 6:

<0. 4 for 1 and 3).

BsO

4

Syntheses

Products

X = Electron Withdrawing Group

The key starting material, 8-deltacyclanone 6, for subsequent

synthetic steps, was prepared by the method of Freeman and Balls (63),

as shown in scheme 1. Homo-Diels-Alder condensation of acrylo-

nitrile with norbornadiene (catalyzed with Ni(CO)4), followed by

chlorination with PC15 and treatment of the resulting a-chloronitrile

with KOH in DMSO gave deltacyclanone in a 39% overall yield. This

method is markedly superior to that of H. K. Hall (65).

The synthesis which was worked out for the preparation of



C1

CN

Scheme 1

Preparation of Deltacyclanone

KOH
DMSO

Ni(CO)4)
NC

P C15

C12

(CC14)

HOC
110 KMNO

4
OH-

45



Scheme 2

Synthesis of Keto Acetate 7

gOAc -HOAc

0

HO

OAc

8

Ac0

OAc"

0
/1

7

-s
HO

9 2 % exo

8% endo

46
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keto acetate 7 from 8-deltacyclanone is outlined in scheme 2.

Bromination of 8-deltacyclanone was quite facile, giving only mono-

brominated 8-deltacyclanone (87 % yield), as evidenced by a mass

spectral parent peak at 212, a single product by vpc, and an nmr

spectrum similar to parent deltacyclanone, which contained a

singlet at T 5.59 for the proton a to bromine. Treatment of bromo-

ketone with AgOAc in glacial acetic acid at reflux gave a white waxy

product on workup. Infrared indicated that the cyclopropane ring

was intact (3055 cm-1) and that a very broad carbonyl absorption

at 1 739 cm-1 was present. The mass spectrum exhibited a parent

peak at 192 and substantial peaks at 132 for loss of CH3COOH and at

43 (CH
3
CO') (Figure 3). The nmr had a doublet of doublets at -r 5.07

for the proton a to the acetoxy group, with J = 6.0 and 2.1 Hz. This

is the same pattern exhibited by exo-8-deltacycly1 acetate (J = 6.6 and

2. 0 Hz) (63), and attributed to coupling between the two protons at

C-9 and the endo-proton at C-8, the dihedral angle between C-7

and C-8 being unfavorable (90° ) for splitting. Treating the keto

acetate with Eu(fod)3 resulted in a completely resolved nmr spec-

trum, each chemical shift representing one proton (with the exception

of CH
3
C00). Proton decoupling resulted in a facile assignment of

all protons, as shown in Figures 1 and 2.
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0

Figure 1. 100 MHz Spectrum of exo-8-Acetoxytetracyclo[4.3.0.02,4.03,7]nonan-5-one
(sw 1000)(CC14).



Figure 2. 100 MHz Spectrum of exo-8-Acetoxytetracyclo[4.3.0.02,4.03,7]nonan-5-one

with Eu(fod)
3

added (sw 1000) (CC1
4
).
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Ac0

0
I,

A

0
(8. 24)

nmr assignments for 7

51

Cyclopropyl protons I, J, and E are clearly coupled (J = 6 Hz) to

each other. Bridgeheads G and C are apparently not coupled to J

and I appreciably. E. is shifted further downfield, as compared to

J andi,being closer to the europium (III) complexed keto group.

Methylene protons F and H were readily identified due to the large

coupling constant (J = 14 Hz) exhibited by the geminal protons. H

and F are further split by A (J = 6.0 Hz and 2.1 Hz respectively).

The doublet of doublets (J = 6.0,2.1 Hz) of... arises from the same

coupling with H and F. Bridgeheads B, C, and G are broad singlets.

G sharpens somewhat when F and H are irradiated. B and C did not

sharpen appreciably on irradiation of adjacent protons.

The rationale for such a synthesis capitalizes on the ability

of the C-3-C-4 cyclopropane bond to participate when positive charge

is developed at C-8. Also, added impetus for rearrangement is

provided by the unfavorable dipole charge interaction between C-8

and the keto group at C-9.

A structure proof of the product was accomplished by reduction



of thioketal derivative 9 (to be discussed later) with hydrazine

hydrate and KOH (66).

HO

9

K01-1 HO

NH
2
NH2

52

The purified product (74% yield) was found to be identical by spectral

comparison with an authentic sample of exo-8-deltacyclanol.

Subsequent to our synthesis of keto-acetate 3, Klumpp and co-

workers (67) reported a similar rearrangement on bromination of

deltacyclene. The ratio of exo/endo acetate was found to be 92:8

by vpc for acetoxydeltacyclan-5-one 7.

Concurrent with the synthesis of keto acetate 7, an attempt

was made to synthesize 14 (scheme 3). The carboxylic ester at C-4

would be expected to destabilize ion 16 for the same reasons given

for intermediate 5.

BsO

COOMe



Cl

Scheme 3

HO

1) OH
(2) H+

12
\H+

CH 30H

CO
2H

HO

HO CO2H

/CH3OH

53



Compound 10 was available, and Passavirta and Krieger (68) had

earlier reported that norbornyl derivative 17 underwent a similar

rearrangement on hydrolysis to 18 in strongly alkaline media.

HO
KOH

1 142°
A 18

COON

54

Hydrolysis of 10, followed by esterification, was found to give a

product whose nmr gave no evidence for a proton a to -OH. The

desired product would be expected to give a doublet of doublets.

Proton decoupling further substantiated formation of 15.

Hydrolysis of 7 with various bases was unsuccessful, resulting

in formation of an acidic product. The structure of the product was

not completely established, but the nmr spectrum contained absorp-

tions for cyclopropyl and -CHOH protons, the latter being a doublet

of doublets. The structure was tentatively assigned as 8. Formation

of 8 would not be unusual, but would be expected by analogy to the

work of P. Gassman (69), who studied the facile cleavage of nortri-

cyclanone 19. Fairly high yields of 20 could be obtained under mild

alkaline conditions.
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OD

20

Klumpp (67) found that deltacyclyl derivative 21 gave a substantial

amount of carboxylic acid 22 on treatment with base.

21

Br 15%KOH

55

Since saponification of the ester resulted in C-4-C-5 bond

cleavage, it was necessary to protect the keto group by some means.

This was accomplished by forming a ketal linkage with ethylene

glycol. Alcohol 24 was formed by lithium aluminum hydride reduc-

tion of 23, Cleavage of the ketal linkage and formation of exo-keto

alcohol was accomplished by treatment of 24 with dilute acid.

Product 25 had all the structural characteristics of 7 with the excep-

tion that a doublet of doublets appeared in the nmr spectrum at T 5. 82

(J = 6, 2 Hz, 2. 2 Hz) for -CHOH, and a singlet at 6.38 (1H) for -CHOH.
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O

HO

7

O

HOCH2CH2OH

-H 0 1-1c0
2

H+

25

26

H+

HO

23

Reaction of 25 with BsC1 gave 26 in good yield (65%).

Synthesis of endo-keto OBs 31 was accomplished by SN2 dis-

placement of the exo-brosyloxy function in 27 with (n-Bu)4NOAc,

using a procedure reported by Murr and Conkling (70) and following

the scheme shown below.
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H

endo-Acetate 28 has a doublet of triplets at T 5. 09 (1H, J = 9. 8 Hz,

3. 6 Hz) for -CHOAc. Such a pattern results from coupling between

exo-C-8 proton and adjacent C-7 bridgehead proton in an addition to
+

the coupling with methylene protons at C-9. The use of (n-Bu)4NOAc
-

was found superior to reduction of ketal ketone with lithium aluminum

hydride for preparation of 33, as the latter afforded a 28:72 exo/endo

mixture of ketal alcohols 24 and 33.



HO
24

-13 OH

72% 28%
24
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Using intermediary product 33, endo brosylate 34 was also prepared.

33
BsC1

OBs 34

exo-7 was also converted to thioketal acetate 35 by treatment with

ethane dithiol and boron trifluoride etherate. In a manner analogous

to synthesis of 27 and 34, exo- and endo-thioketal brosylates 37 and

40 were synthesized.
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AcO

0

7

HS CH fE12 SH

BF
3

Bs0

35

LAH

HO

BsC1 iHgC12
CdCO3

(NBA OAc

OAc
38

OH

LAH

HO

25

39

HgC12C12

CdCO3

0
1/

OH 30

36

exo or endo-Keto alcohols 25 and 30 could also be regenerated from

thioketal derivatives 36 and 39 upon treatment with HgC12 and

CdCO3 (71).
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Kinetics

The rates of solvolyses of brosylates 26, 31, 27, 34, 37 and 40

were measured in NaOAc -HOAc. The results are summarized in

Table 2. It was necessary to run the rates at elevated temperatures

and extrapolate back to 25° . The procedure for kinetic runs is

given in the experimental section, as well as product analyses for

all compounds solvolyzed. A least squares fit of a plot of the relative

rates for exo- and endo-brosylates (log kx/kH) vs a.* (Figures 4 and

5) was made. A reaction constant p = - ?. 68 ( correlation coefficient

= -0.983) was obtained for the exo series of brosylates. A value of

p = -1.63 was obtained for the endo-brosylates (correlation coeffici-

ent z-- -0.991). As indicated by the high correlation coefficients,

fairly linear plots were obtained. The results obtained from the

Taft plots are an indication of the electronic effects at C-5 on the

transition state of the solvolysis reaction. The larger value of -2.68

for the exo-series is in line with the generation of a transition state

which resembles intermediate 5 in which substantial charge delocal-

ization to C-4 is occurring for X = H2, but diminishes as X becomes

more electronegative. The smaller value of -1.63 would be more

in line with formation of a classical ion.



Figure 4.4710 Plot for exo-Brosylates.
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Figure 5.6.'? Plot for endo-Brosylates.
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Table 2. Acetolysis of C-5 Substituted Deltacyclyl Brosylates.

Compound temp
-1 a

k (sec )
exo

k
rel

Compound temp k a
endo

krel k/k
exo endo cr

1

37

27

26

250

86.0

75.0

61.8

(25)

85.7

75.0

61.8

(25)

94.3

84.5

75.4

(25)

2.61 x 104

2.36 x 10-3

8.90 x 104

2.00 x 10-4

5.74 x 10-6

1.61 x 10-3

6.48 x 10-4

1.50 x 10-4

1.57 x 10-6

2.64 x 10
-5

9.96 x 10-6

3.74 x 10-6

8.72 x 10-9

30,000

660

180

1

3

40

34

31

250

85.5

75.0

61.8

( 25)

85.7

75.0

61.8

( 25)

85.9

75.0

( 25)

-6
4.62 x 10

2.40 x 104

8.18 x 10-5

1.86 x 105

2.12 x 10-7

1.84 x 104

6.41 x 10-5

1.48 x 10 -5

1.82 x 10-7

1.09 x 10
5

3.59 x 10-6

8.72 x 10-9

530

24

20

1

57

27

.8.6

1

0.00

+0.84

+1.40

+1.65

aEach rate constant is the average of two runs.
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X = H
2

= 0

=-0C2 H4 0-

=-SC2 H
4S-

Comparison of these results with those of P. Gassman (26) is very

enlightening. A p value of -2. 33 was obtained for solvolyses of

eight different 7 -s ubstituted- endo- 2-norbornyl tosylates. However,

a near random distribution was obtained for the endo- series due to

participation by the 7-substituent during solvolysis, such as that

illustrated below.

42
41 TsO

No such analogous products were detected in our solvolytic reactions.

HOAc

0 0

ICOCH2CH21CCH3

43

64

The deltacyclane ring system is not set up for such participation.
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OBs 44

It is unfortunate in Gassman's work that a good endo- cr*p plot could

not be obtained, since this is essential for any conclusions to be

drawn as to the nature of the transition state and first formed

intermediate involved. It should be noted from Table 2 that parent

exo-brosylate 1 (k = 2.61 x 10-4 sec ), solvolyzes 3 x 104 times

faster than 26 (k = 8. 72 x 10-9 sec-1), whereas 3 (k = 8. 72 x 10-9

sec -1 ) solvolyzes only 530 times faster than 31 (k = 4.62 x 10 -6
).

Also, the kexo/kendo ratio decreases from 57 to 1 as inductive with-

drawal is increased at C-5 (Table 2). This is the result expected

if parent brosylate 1 solvolyzes with anchimeric assistance and

exo-keto brosylate 26 is incapable of delocalization of positive

charge to C-4, allowing 26 -OBs to form only classical ion inter-

mediate 45.



26

OBs
31

ZAc 45

Products

66

The decrease in the rate of endo-OBs 31 by a factor of 530

is quite likely due to through-bond or field effects (72, 73). Analysis

of the products of acetolysis in each case by vpc was also quite re-

vealing (Table 3). In contrast to the results with the parent exo-

and endo-brosylates 1 and 3, 13% endo acetate was found for

solvolysis of 26 and a similar amount (11%) was found for endo-OBs

31. Although exo-brosylate 26 may have contained as much as 8%

endo-isomer as a consequence of the isomeric ratio (92:8) obtained

for precurser exo-acetate 7, assuming the same solvolytic yields,

only 10% of this (1%) would contribute to the endo-acetate of the

product. The lack of stereoselectivity gives additional support to

formation of a classical ion from 26 and 31 as pictured above.

Analysis of the products from the ketal brosylates revealed

that only unrearranged acetate was formed. However, acetolysis
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Table 3. Acetolysis of exo and endo-5-Substituted-8-Deltacycly1
Brosylates.

HOAc

AcO

X= Y= Z=

Acetolysis Products %
exo endo

-OBs H >99. 6a <0.4

H2 H -OBs >99. 6a < O. 4

0 -OBs H
87a

13

0 H -OBs 89a 11

-0C
2
H40- -OBs H >97b < 3

-0C21-140- H -0Bs >97b <3

-SC2 H4S- -OBs H >97b <3

- SC2H4S- H -OBs >97b <3

a
by

bby nmr.
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of exo-thioketal brosylate 37 gave unrearranged exo-thioketal acetate

35 and dihydro-p-dithiin 46 in a ratio of 16:81 (9 7% overall yield).

Acetolysis of endo - thioketal brosylate 40 gave the same two products

in a 60:35 ratio (overall yield 95%).

37

sr
35

Compound % yield

46

OBs 37 16% 81%

40 40 60% 35%

Assignment of structure for the rearranged product was based on

the following evidence: the infrared spectrum reveals the absence

of carbonyl C=0 stretching, but contains cyclopropyl C-H stretching

at 3050 cm-1. The mass spectrum has parent peaks at 208 and 210

(Figure 6). Proper carbon-hydrogen analysis for C11H12S2 was



30 40 50 Ea
M/ E

ea

1114 1.1111..1 1.111,4 1..0111,4h.T.t.i.il ....... .......
d III

W 100 110 120 130 110 150 160 rm HO 190 030 210 220 ZO 240 250 aa

Figure 6. Mass Spectrum of Major Component of Solvolysis of exo-Thioketal

Brosylate 37.



Figure 7. 100 MHz Spectrum of Major Product of Solvolysis of exo-Thioketal

Brosylate 37 (CC14)(sw 1000) .
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obtained. The nmr exhibits absorptions at T 8.3-8. 6 ( M, 5H),

8. 03 (broad singlet, 1H), 7.47 (s, 2H), 6.95 (s, 4H, -SC H2CH2S-)

( Figure 7),

(8.03)

(7.47 ),.."1.4

(6.95) S

(8.3 -8.6)

H (8.3-8.6)

H (8.3-8.6)

"-H (8.3-8. 6)

H (7.47)
H (8.3-8. 6)

46

Such a rearrangement must involve migration of sulfur to C-4 with

subsequent C -3 migration to C-8.

Steroid derivative 47 has been shown to undergo a similar transfor-

mation to 48 (74).



47

17

(CH2 SH)
2

BF
3

48

The mechanism for ketalization is shown below:

72

Formation of 48 can be rationalized as arising from ring expansion

of 49 to 48.

--> +HOAc
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Two points should be noted for the rearrangement of thioketal

brosylates 3 7 and 40 to 46. First, the endo-isomer rearranges to

a considerably lesser degree than the exo-isomer. Second, the

kinetic values obtained from the two brosylates are not abnormally

displaced from the linear o-*p plots. It seems likely that sulfur

participation occurs at some stage of the solvolysis. The different

ratio of products indicates that exo-thioketal brosylate 37 likely forms

bridged ion 50 directly. Acetate may attack at C-8, forming 35, or

ion 50 may undergo C-5 -3C -4 shift of sulfur to form 46. endo-

Epimer 40 likely forms classical ion 51 which may leak over to 50,

accounting for the smaller amount of 46 formed.

37

40

51

-H+
46

IIOAc

35

The exact timing of sulfur migration is not clear, but may occur after

the rate determining step, since the position of 37 and 40 on the Taft
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plots correlate well with the inductive nature of the sulfur group.

Gassman (26) has pointed out that altering the hybridization at

the C-7 position by formation of a carbonyl group might have some

effect on the solvolytic rate, since the presence of an sp2 hybridized

center would flare out the C -1-C-7-C-4 angle, and result in an open-

ing of C-1-C-2-C-3 bond angle as well. The ground state would be

higher in energy and angle strain about the carbonium ion carbon

would be less, resulting in an increase in the rate of solvolysis. He

discounted any significant change, however, since tosylate 53 solvo-

lyzed approximately at the same rate as 52, but suggested that

"fortuitous cancelling of opposing effects of bond angle change and

inductive effect" would rationalize the similarity in rate.

OTs
52

k (25°) 8. 2,7.. x 10
-8 sec -1

O
II

53
OTs

2.33 x 10-8sec-1

To investigate this problem, exo-brosylate 57 was synthesized

following the pathway in scheme 4.



AcO

7

BsO

1 )CH3MgX

( 2 )
Ac0

NH4 Cl

57

Scheme 4

54

HO
CH3

TsOH

A A

Bs Cl

HO

56

75

Acetoxy alcohol 54 was made by treating keto acetate 7 with methyl-

magnesium iodide. Dehydration of the alcohol with p- toluenesulfonic

acid gave acetate 55 in fair yield (52%). The it spectrum exhibits

a sharp spike at 1667 cm-1 for C=C stretching. An absorption at

T 5.42 (s, 2H) for the methylene at C-5 was present in the nmr.

The rate of solvolysis of 57 was found to be 2. 76 x 10-5 sec-1 (25° ),

a factor of 10 slower than 8- exo-deltacyclyl brosylate 1. Plotted on

Figure 3 (denoted by a +), its value correlated fairly well for a

compound whose rate was decelerated by the inductive effect (cr* =

+0. 653) ( 75) of L..-CH2. Since the deceleration observed was only a

factor of 10 less than 1, then it appears, perhaps, that the
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tremendously slower rate of exo-keto brosylate 26 cannot be accounted

for by changes in bond angle strain.

Three products in a ratio of 92. 5:2. 5:5. 0 were found to be

formed in the solvolysis reaction. The 5% component was found to

be exo-acetate 55, by spectral comparison. The 2. 5% component

was not isolated, but the 92. 5% component was identified as a re-

arrangement product. The it spectrum reveals absorptions at 3055

(cyclopropyl C-H stretching), 1 740 (CO),= and 1667 cm-1 (C=C).

The mass spectrum has a parent peak at 190 as well as fragments

at 1 76 (-CF12), 130 ( -HOAc) and 43 (COCH3). The nmr spectrum

exhibits singlets at T 5.04 (2H) and 4.80 (1H). Acetolysis of 57

would most likely involve formation of nonclassical ion 58, based on

the previous work. Attack by acetate at C-8 would give 55. Attack

at C-4 would give 59. Further participation by the methylene group

would give 60 on solvolysis.

Bs0

CH

58
57 /CH it

2

55

CH
2

AcO

AcocH2

59

60
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Both 59 and 60 could account for the spectral observations, since

the absorptions at T 5.04 and 4.80 would fit for either =CH2 and

-CHOAc, or -CH
2
OAc and =CH--. Addition of a small amount of

Eu(fod)
3

to an nmr sample causes the one proton absorption at

T 5.04 to shift faster than the two proton absorption, which would

be consistent for structure 59, as the proton a- to acetoxy would be

expected to experience a larger influence from Eu.(fod)3. Hydrogena-

tion of a sample of the solvolysis product gave an nmr spectrum

which contained a methyl group, substantiating the structural assign-

ment of 59.

59

CH3

Rather than the rate deceleration observed, it might be antici-

pated that 57 would exhibit an enhancement of rate relative to brosyl-

ate 1 by participation of the methylene group in the transition state.

It has been shown by several workers (76, 77, 78) that phenyl sub-

stitution on the cyclopropyl ring in cyclopropyl carbinyl derivatives

does not enhance the rate of ionization, in line with the results of

our study.
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EXPERIMENTAL SEC TION

All melting points were determined using a Buchi melting point

apparatus. All boiling points are uncorrected. Infrared spectra

were run on a Beckman model IR-8 or a Perkin-Elmer 621 Infrared

Spectrophotometer. Mass spectra were run on an Atlas CH7 or a

Finnigan 1015 S/L mass spectrometer. Elemental analyses were

performed by Alfred Bernhardt, Mikroanalytisches Laboratorium,

5251 Elbach uber Engelskirchen, Fritz-Pregl-Strasse 14-16, West

Germany. Vpc analysis were performed on an F and M Model 700

Chromatograph equipped with dual columns and thermal conductivity

detectors, or on a Varian Aerograph Series 1200 Chromatograph

equipped with a flame ionization detector. Nmr spectra were obtained

from a Varian Associates A-60 or HA- 100 nmr Spectrometer. The

following columns were used for vpc work:

1. 10 ft. x 0.25 in. aluminum containing 10% Carbowax 20-M

on Anakrom 70-80 ABS.

2. 15 ft. x 0.25 in. aluminum containing 15% QF-1 on Anakrom

70-80 ABS.

3. 3 ft. x 0.25 in. aluminum containing 10% Carbowax 20-M on

Anakrom 70-80 ABS.

4. 10 ft. x 0.25 in. aluminum containing 15% Carbowax 20-M

on Anakrom 70-80 ABS.
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5. 70 ft. capillary column (stainless steel) coated with DEGS

(used on Varian Aerograph Series 1200 Chromatograph equipped

with a flame ionization detector).

Kinetic Methods for Solvolytic Reactions
of 5-Substituted-8-Deltacycly1 Brosylates

Standard sodium acetate in acetic acid was prepared by adding

sufficient anhydrous sodium carbonate to factory pack glacial acetic

acid containing 1% acetic anhydride to make approximately a 0. 04 N

solution (2. 158 g/1). The solution was heated to 70° for 12 hr. A

standard solution of perchloric acid in acetic acid was also prepared

of approximately the same normality by adding 70% perchloric acid

to a solution of acetic acid with sufficient acetic anhydride to be 1%

in anhydride after all water had been removed. The normality of

the solution obtained was accurately determined by titrating weighed

amounts of potassium acid phthalate (primary standard) in glacial

acetic acid. The end point was determined by a Beckman Model 72

pH meter equipped with a combination electrode. It was necessary

to dilute the sample 2:1 with fresh tetrahydrofuran in order to

properly immerse the electrode. The exact normality of the stand-

ard sodium acetate solution was then obtained in a like manner by

titration of measured aliquots with perchloric acid solution.

The acetolysis conditions were similar to those of Tanida et al.
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(79) for the first experimental part. All kinetic runs were made

over at least 2-1/2 half lives. Cyclopentyl E-bromobenzenesulfonate

was run as a check on this method. Rate constants were obtained

from a nonlinear least squares curve fitting computer program (E-2-

OSU-cure fit) using the equation

k = -2.303 log (V - Va, )

(t - t0,)

V = volume of titrant
Va= volume of titrant at ta,
t = time in seconds

A typical kinetic run was carried out as follows: Crystalline brosylate

was added to standard sodium acetate-acetic acid solution in a 50 ml

volumetric flask such that no greater than 10% excess of sodium

acetate was present. The flask was placed in a constant tempera-

ture bath at the desired temperature and 5 ml aliquots were taken

over 2.5 half lives, diluted with 15 ml of fresh tetrahydrofuran, and

titrated with perchloric acid solution. End points were determined

by taking the inflection points obtained from a plot of pH vs. volume

of titrant.

Product Analyses for Solvolytic Reactions of
5-Substituted-8-Deltacycly1 Brosylates

exo-Ketal Brosylate 23. To 270 mg (0.65 mmol) of exo-ketal

brosylate was added 20 ml of standard sodium acetate-acetic acid
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solution, and the resulting solution was heated to 67° for 6 hr. The

solution was then neutralized by dropwise addition of saturated aque-

ous sodium bicarbonate, extracted with 3 x 100 ml of ether, washed

once with aqueous sodium chloride, and dried over anhydrous magne-

sium sulfate. Rotary evaporation of the solvent gave an oil which

was found to contain 0. 147 g (0.62 mmol, 95% yield) of pure exo-ketal

acetate by vpc, using an internal standard and correcting for differ-

ences in molecular weight using Eastman's formula (80). The product

was shown to be exo-ketal acetate by vpc collection and comparison

of its it and nmr with an authentic sample. No endo-ketal acetate

could be detected by nmr analysis ( < 3% present). No other products

were detected by vpc (Col 1).

endo-Ketal Brosylate 34. In a similar manner, 270 mg (0.65

mmol) of endo-ketal brosylate was heated to 67° for 36 hr. A yield

of 0. 150 g (0.63 mmol, 97% yield) of exo-ketal acetate was obtained

and identified as above. No endo-ketal acetate was detected by

nmr analysis ( < 3% present). No other products were detected by

Vpc (Col 1).

exo-Thioketal Brosylate 37. exo-Thioketal brosylate (949 mg,

2.13 mmol) in 68 ml of standard sodium acetate-acetic acid solution

was heated to 6 7 ° for 6 hr. and was worked up as above. A minor

product, exo-thioketal acetate 35 (95 mg, 35 mmol, 16% yield) was

obtained. No endo-thioketal acetate 38 could be detected by nmr
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analysis ( < 3% present). The major product had a much shorter vpc

retention time than exo-thioketal acetate 35 (Col 3, 50 ml/min

3 min vs. 16 min, 185 °). Ratio of the two products was 16:18,

thioketal acetate to major product, the latter having a mp of 53-57° .

Spectral analysis of the major component is as follows: mass spec-

trum, parent peaks ma 208 and 210; it (neat) 3055 (cyclopropyl C-H

stretching, C=C stretching); nmr (100 MHz, CC14) T 8.3-8. 6 (m,

5H), 8. 03 (broad singlet, 1H), 7. 47 (s, 2H), 6.95 (s, 4H, -SCH2CH2S-).

Yield of major product, characterized as dihydro-p-dithiin 46, was

358 mg (172 mmol, 81% yield).

Anal. Calcd forC
11

H12S2: C, 63.41; H, 5.81

Found: C, 63. 21; H, 5.89.

To check the stability of exo-thioketal acetate 35 to the reaction

conditions, 101 mg (0. 377 mmol) was heated for 4 hr at 75° in 12 ml

of standard HOAc -NaOAc solution. Workup as above afforded 94 mg

(0. 35 mmol, 93% yield) of recovered thioketal acetate; no rearranged

product could be detected by vpc.

endo-Thioketal Brosylate 40. endo-Thioketal brosylate (280

mg, 0.63 mmol) in 20 ml of standard sodium acetate-acetic acid

solution was heated to 67° for 36 hr. and worked up as above. Two

product components were obtained: exo-thioketal acetate 35 (102 mg,

0.38 mmol, 60% yield), and dihydro-p-dithiin 46 (45 mg, 0. 22 mmol,

35% yield). No endo-thioketal and detected by nmr analysis
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( < 3% present).

exo-Keto Brosylate 26. exo-Keto brosylate (1.00 g, 0.00270

mol) was dissolved in 100 ml of sodium acetate-acetic acid solution

and heated at 65° for 21 days and worked up as above. A yield of

0.39 g (0. 00203 mol, 75% yield) of keto acetate 7 was obtained and

identified by spectral comparison with an authentic sample. The

product was found to consist of exo- and endo-acetate in a ratio of

87:13 by careful vpc analysis (Col 5).

endo-Keto Brosylate 31. endo-Keto brosylate (0. 610 g,

0.00165 mol) was added to 50 ml of standard sodium acetate-acetic

acid solution and heated to 61° for 21 days, working up as above. A

yield of 0. 24 g (0. 00125 mol, 76% yield) of ketal acetate 7 was ob-

tained which was found to consist of exo- and endo-acetates in a

ratio of 89:11 by vpc analysis (Col 5).

5-Methylene-exo-8-Brosylate 57. exo-5-methylene brosylate

(0.75 g, 0.0020 mol), in 67 ml of standard sodium acetate-acetic

acid solution was heated to 61° for 24 hr. and worked up as above.

Analysis by vpc gave evidence for three products in a ratio of 92. 5:

2. 5:5.0 (Col 1, 115° , 75 ml/min 17, 20. 5, and 23 min, respec-

tively). The 5% component was found to be identical to deltacyclyl

acetate by spectral comparison. The 2. 5% component was not iden-

tified. The major product was isolated by vpc (120 mg, 0.00063 mol,
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32% yield), and assigned the structure, 9- methylene- exo -8- acetoxy-

tetracyclo[4. 3. 0. 02, 4.03, 7]nonane 59, on the basis of spectral

analysis. Assignment of absorptions at -r 5.04 to =CH2 and 4.80 to

-CHOAc was based in part on the fact that addition of Eu(fod)
3

to an

nmr sample caused the latter absorption to shift downfield at a faster

rate than the former, consistent with current observations on the

effect of Eu(fod)3 on organic molecules (81). In addition the following

spectral data were obtained for structural identification of the major

product: mass spectral parent ion at m/e 190; it (neat) 3055 ( cyclo-

propyl C-H stretching, C=C stretching), 1740 (C=0 stretching), 1370,

1240, 1125, 893 cm -1 ; nmr (100 MHz, CC1 4) T 9.02 (m, 2H, cyclo-

propyl protons at C-2, C-3), 8. 70 (t, 1H, J = 5. 5 Hz), 8. 48 (s, 2H,

methylene protons at C-5), 8.08 (s, 3H, - OCOH3), 7.94 (broad

singlet, 2H, bridgehead protons at C-1, C-7), 7.62 (broad singlet,

1H, bridgehead proton at C-6), 5. 04 (s, 2H, =CH2), 4. 80 (s, 1H,

-CHOAc).

A solution of 35 mg (0. 18 mmol) of the above methylenedelta-

cylyl acetate was treated with 50 mg of paladium on charcoal and

attached to a small scale hydrogenator. The heterogeneous mixture

was stirred under hydrogen for 12 hr. at which time the reaction was

complete. The reaction was filtered, and the solvent partially dis-

tilled. The product consisted of two peaks in the ratio of 34. 5:66. 5

by vpc analysis [Col 2, 165° 50 ml/min 19 min (34%), 23 min
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(66.5%]. The products were subsequently assigned the structures

exo- and endo-9-methyl-exo-8-acetoxydeltacyclane. The minor

component exhibits the following spectral properties, and was

assigned to the exo-9-methyl isomer: ir (CC14), 3055 (cyclopropyl

C-H stretching), 1730 (C=0 stretching), 1366, 1239, 1032 cm-1;

nmr (100 MHz, CC1 4) T 9.12 (d, 3H, J = 7 Hz, -CH3 at C-9), 9.05

(m, 2H, cyclopropyl protons at C-2, C-3), 8.80 (t, J = 5. 5 Hz,

cyclopropyl proton at C-4), 8. 44 (s, 2H, -CH2 at C-5), 8. 28 ( s, 1H,

bridgehead proton), 8. 04 (m, 3H, OCOCH3), 7.90 (broad singlet,

1H, bridgehead proton), 7. 7 (m, 1H, C-9 proton) 7.68 (m, 1H,

bridgehead proton), 4. 94 (d, 1H, J = 6 Hz, -CHOAc). The major

component exhibits the following spectral properties: ir (CC14)

3055 (cyclopropyl C-H stretching), 1712 (C=0 stretching), 1374,

1239, 1015 cm -1 ; nmr (100 MHz, CC1 4) 9.02 (t, 2H, J = 5. 5 Hz,

cyclopropyl protons at C-2, C-3) 8. 76 (d, 4H, J = 7 Hz, -CH3,

cyclopropyl proton at C-4), 8.44 ( s, 2H, -CH2- at C-5), 8.06 (s,

3H, - OCOCH3), 7.96 (broad singlet, 4H, bridgehead protons, C-9

proton), 5. 54 (broad singlet, 1H, -CHOAc).

To test the stability of methylene acetate 55 to the solvolytic

conditions, 25 mg (0. 13 mmol) was dissolved in 3 ml of standard

HOAc -NaOAc and allowed to stand at room temperature for two days.

Workup afforded 19.8 mg (0. 10 mmol, 79% yield) of unrearranged

methylene acetate 55. No rearranged acetate could be detected (Coll).
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Synthesis

Hydrolysis of 8-Cyano-8-Chlorodeltacyclane by the

method of Pasavirta and Krieger (68). A mixture of 8-cyano-8-

chlorodeltacyclane (200 g, 1.11 mol), prepared by the method of

Freeman and Balls (63), 80 ml of ethanol, and 500 ml of water was

stirred in a 3-liter three-necked flask. Potassium hydroxide (500 g,

8.93 mol) was added and the vessel was heated at 80-85° for 24 hr.

The solution was steam distilled, giving 35 g (0. 26 mol, 23% yield)

of 8-deltacyclanone. The pot was extracted with ether (discarding

the extracts), and then acidified with 40% H2SO4(caution, HCN may

be given off). A second extraction with ether was performed, fol-

lowed by drying the organic phase with anhydrous magnesium sulfate.

Rotary evaporation gave 37 g (0. 21 mol, 19% yield) of crude dark

semisolid product. Attempts to recrystallize the material were

unsuccessful. The acid (10. 68 g, 0.055 mol) was added to 60 ml

of methanol containing 3 ml of concentrated H 2504 and heated at

reflux for 3 hr. Excess methanol was distilled off, followed by

dilution with 100 ml of water, and extraction with ether. The extracts

were washed with 10% NaHCO
3

and then saturated salt water. Drying

(MgSO4), and rotary evaporation gave 8.5 g (0. 044 mol, 80% yield)

of ester. Final distillation was accomplished at 71-81° (5 x 10-4mm).

Vpc collection of the product (Col 1, 175° 150 ml/min, 18 min),
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followed by nmr analysis, utilizing proton decoupling, indicated that

only 8-hydroxy-8-carbomethoxydeltacyclane 15 was formed. No

product was detected which would correspond to rearranged

8-hydroxy-5-carbomethoxydeltacyclane 14; hydroxy ester 15

exhibits the following spectral features: mass spectrum, parent

peak at m/e 194; it (neat) 3448 (OH stretching), 3055 (cyclopropyl

C-H stretching), 1 709 (C=0), 1087, 800 cm-l; nmr (100 MHz, CC14)

T 9. 22 (t, 1H, J = 6 Hz), cyclopropyl proton) 9. 04 (t, 1H, J = 6 Hz,

cyclopropyl proton) 8. 88 (t, 1H, J = 6 Hz, cyclopropyl proton), 8. 48

(s, 2H, methylene protons at C-5), 8.32 (doublet of doublets, 1H,

J = 12 Hz, 4 Hz, exo-methylene proton at C-9), 8.02 (broad singlet,

1H, bridgehead proton), 7.97 (broad singlet, 1H, bridgehead proton),

7.80 (broad singlet, bridgehead proton), 7.7 (d, 1H, J = 12 Hz,

endo-methylene proton at C-9), 7. 1 (broad singlet, 1H, OH),

6. 24 ( s, 3H, -0C H3).

Anal. Calcd for C111-11403: C, 68. 02; H, 7. 27.

Found: C, 67.91; H, 7.32.

Preparation of exo-9-Bromodeltacyclan-8-one. To a rapidly

stirred solution of 250 g (1.86 mol) of deltacyclanone in 200 ml of

ether was slowly added 350 g (2. 18 mol) of bromine. (A short induction

period is required to build up a catalytic amount of hydrobromic

acid. After this period the reaction is exothermic. ) Nitrogen was

rapidly bubbled in to carry off hydrobromic acid. Additional ether
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was added during the reaction to maintain a constant volume. The

reaction was then poured into a large beaker containing 200 ml of

water. Sufficient sodium carbonate (10% solution) was added to

neutralize any acid present. The ethereal layer was washed once

with water and dried (MgSO4). Removal of the solvent by rotary

evaporation gave 345 g (1.62 mol, 87% yield) which was used without

further purification. The bromo ketone product exhibited the follow-

ing spectral characteristics: mass spectrum, parent peak at na/e.

212; it (neat) 3055 (cyclopropyl C-H stretching), 1751 (carbonyl

stretching), 1149, 826 cm-1; nmr (60 MHz, CC1 4) T 8. 68 (m, 3H,

cyclopropyl protons), 8. 30 (broad singlet, 2H, -CH2- at C-5), 7. 62

(s, 1H, bridgehead proton), 7. 50 (s, 2H, bridgehead protons at C-1

and C-7), 5.94 (s, 1H, -CHBr).

Anal. Calcd for C
9

H
9
OBr: C, 50. 75; H, 4. 23.

Found: C, 50. 73; H, 4. 27.

Preparation of exo-8-Acetoxydeltacyclan-5-one 7. To a three-

liter three-necked flask equipped with a mechanical stirrer and reflux

condenser was added 297 g (1. 40 mol) of bromo ketone, 1 1 of acetic

acid, and 200 ml of acetic anhydride. The solution was stirred at

reflux. Silver acetate (413 g. 2. 46 mol) was then added over a

period of 48 hr. The reaction was allowed to run for an additional

24 hr. Approximately 1 1 of acetic acid was then distilled and the

remaining solution diluted with 200 ml of water. Ether (100 ml)
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was added and the contents filtered. Sodium carbonate was added

until the reaction was neutral to litmus paper. The aqueous layer

was extracted with 3 x 200 ml of ether, washed three times with

100 ml portions of saturated salt solution, and twice with 100 ml

portions of water. The combined ether extracts were dried over

anhydrous magnesium sulfate. Rotary evaporation of the ether gave

165 g of dark semi-solid material. Distillation on a high vacuum

line at 85-87° (1 x 10-5 mm) gave 153 g (0.80 mol, 57% yield) of

product. Only one compound could be detected by vpc analysis (Col

1, 180° , 70 ml/min, 29 min). Vpc analysis (Col 5) showed a 92:8

ratio of exo- to endo-keto acetate 7. Distillation at higher temper-

ature and pressure than that cited above was found to result in con-

siderable decomposition and lower yields. The spectral character-

istics of 7 are as follows: mass spectrum, m/e (rel intensity) 192

(6), 150 (20), 132 (36), 131 (56), 105 (28), 78 (62), 77 (36), 43 (100);

it (neat) 3055 (cyclopropyl C-H stretching, 1739 (C=0), 1245, 1163,

1042, 866, 838 cm -1; nmr (100 MHz, CC14) T 8. 71 (t, IH, J = 6 Hz,

cyclopropyl proton at C-4), 8. 40 (doublet of triplets, 1H, J = 14, 2 Hz,

exo-C-9 proton), 8. 22 (m, 3H, cyclopropyl protons at C-3, C-2,

bridgehead proton at C-6),8.08 (s, 3H, OCOCH3), 7. 74 (doublet

of doublets, 11-1, J = 14 Hz, endo-C-9 proton, 7.32 (s, 1H, bridge-

head proton), 7. 24 (s, 1H, bridgehead proton), 5.07 (doublet of

doublets, 1H, J = 2. 1 Hz, 6. 0 Hz, -CHOAc).
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Anal. Calcd for C 111112°3: C, 68. 73; H, 6. 29.

Found: C, 68. 54; H, 6. 22.

Preparation of exo-8 -Acetoxydeltacyclan-5-one Ethylene

Glycol Ketal 23 A solution of 10. 0 g (0.052 mol) of exo-keto acetate

7 and 6. 1 ml of ethylene glycol in 91 ml of dry benzene containing

0. 016 g of E-toluenesulfonic acid was heated at reflex for 9 hr,

azeotropically separating the water formed using a Dean-Stark trap.

The cooled benzene solution was decanted from the remaining

ethylene glycol and then washed with 25 ml of 10% sodium carbonate

and 25 ml of water. The organic layer was dried over anhydrous mag-

nesium sulfate, filtered, and the benzene removed by vacuum distilla-

tion, yielding 11. 16 g (0.047 mol. 93% yield). The fairly pure crude

exo-ketal acetate 23 obtained was used for subsequent steps with

further purification due to its high boiling point. The product exhibits

the following physical properties: mp 51 - 54° it (neat) 3055

(cyclopropyl C-H stretching), 1754 (carbonyl stretching), 1117, 862
-

cm
1 ; nmr (100 MHz, CC1 4) T 8. 86 (broad singlet, 3H, cyclopropyl

protons), 7.88 (doublet of doublets, 114, J = 14 Hz, 7 Hz, endo-

methylene proton), 8. 1 (Broad Singlet, 1H, bridgehead proton at

C-6), 8.40 (doublet of triplets, 1H, J = 14 Hz, 2 Hz, exo-methylene

proton), 7. 64 broad singlet, 2H, bridgehead protons), 6. 16 (d, 4H,

J = 3 Hz, -OCIL12CL120-), 5. 18 (doublet of doublets, 1H, J = 6. 8 Hz,

2. 4 Hz, -CHOAc).
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Anal. Calcd for C13111604: C, 66. 09; H, 6. 83.

Found: C, 66.01; H, 6. 71.

Preparation of excr8-Hydroxydeltacyclan-5-one Ethylene

Glycol Ketal 24. To a rapidly stirred mixture of 3. 5 g (0. 092 mol)

of lithium aluminum hydride and 160 ml of anhydrous ether in a

three-necked flask equipped with a condenser was slowly added 22. 5

g (0. 095 mol) of exo-ketal acetate 23 in 100 ml of anhydrous ether.

The resulting solution was stirred for 12 hr at room temperature.

Saturated aqueous ammonium chloride was then slowly added and the

solution was then extracted with 3 x 200 of ether. The organic phase

was washed with 3 x 25 ml of saturated salt water, and once with

25 ml of water. The combined ether extracts were dried over an-

hydrous magnesium sulfate. Rotary evaporation of the ether gave

16.0 g (0. 083 mol, 87% yield) of white crystalline ketal alcohol 24;

it (neat) 3413 (OH stretching), 3055 (cyclopropyl C-H stretching),

1116 cm-1; nmr ( 100 MHz, CC1 4) T 7.3-9.0 (m, 8H), 6.42 (s, 1H,

-CHOH), 6. 07 (broad singlet, 4H, -OCH2CH20-), 5.98 (doublet of

doublets, 1H J = 7. 0 Hz, 2.4 Hz, -CHOH).

Anal. Calcd for C11E11403: C, 68.02; H, 7.27.

Found: C, 67. 79; 7.33

Preparation of exo-8-Brosyloxydeltacyclan-5-one Ethylene

Glycol Ketal 27. To a solution of 11.0 (0. 057 mol) of exo-ketal

alcohol 24 in 180 ml of dry pyridine at 0° was added with stirring



92

19.0 g 0. 074 mol) of 2- bromobenzenesulfonyl chloride over a period

of 30 min, keeping the temperature in the range 0-7° . The mixture

was allowed to stir at room temperature for 2 hr and then stand in a

refrigerator for 6 days. Crystalline pyridinium chloride was

observed to form slowly. The solution was then poured into 200 g

of ice and neutralized with a mixture of 6N hydrochloric acid and

ice to a pH of 2-4. The aqueous solution was extracted with 3 x 100

ml of ether. The ether layer was separated and washed successively

with 25 ml of 5% hydrochloric acid, 25 ml of 10% sodium carbonate,

50 ml of saturated aqueous sodium chloride, and 25 ml of water.

Drying over anhydrous magnesium sulfate and rotary evaporation of

the ether gave 18.0 g (0.044 mol, 77% yield) of brosylate. Recrys-

tallization from an ether-pentane mixture (30:70) gave pure white

crystalline brosylate; mp 95 -9 7° ; nmr (100 MHz, CC14) T 8.88

(broad singlet, 3H, cyclopropyl protons), 8. 36 (doublet of triplets,

1H, J = 14 Hz, 2 Hz, methylene proton), 8. 28 (broad singlet, 1H,

bridgehead proton), 7. 96 (doublet of doublets, 1H, J = 14 Hz, 7 Hz,

methylene proton), 7. 60 (broad singlet, 1H, bridgehead proton),

7.46 (broad singlet, 1H, bridgehead proton), 6. 18 (d, 4H, J = 2 Hz,

-OCH
2
CH

2
0-), 5.33 (doublet of doublets, 1H, J = 6.8 Hz, 2.3 Hz,

-CHOBs).

Anal. Calcd for C
17

H
17

0
5
SBr: C, 49. 40; H, 4. 14.

Found: C, 49. 57; H, 4. 12.



Preparation of exo-8-hydroxydeltacyclan-5-one 25 To 4.0 g

93

(0. 021 mol) of exo-ketalalcohol 24 was added 25 ml of ethanol and

4.6 ml of 5% aqueous sulfuric acid. The mixture was rapidly stirred

for 7 hr at room temperature. Ethyl alcohol was then removed from

the mixture by rotary evaporation (heating was avoided, as it will

cause some decomposition of the keto alcohol). The solution was

extracted with 3 x 50 ml of ether, and the ether extracts washed

with 10 ml of 10% sodium carbonate, three times with 15 ml of sat-

urated salt water, and once with 10 ml of water. The ether layer

was dried over anhydrous magnesium sulfate, filtered, and rotary

evaporated to give 2. 5 g (0. 017 mol, 81% yield) of exo-keto alcohol

25. No further attempt was made to purify the product due to its

instability; it (neat) 3448 (OH stretching), 3055 (cyclopropyl C-H

stretching), 1751 (C=0), 1075, 1042, 840 cm-1; nmr (100 MHz,

CHC1
3

T 8.68 (t, 1Hz, J = 6Hz, cyclopropyl proton) 8. 3 (m, 1H,

methylene proton), 8. 2 (m, 3H, cyclopropyl protons at C - 3, C -2,

bridgehead proton at C-6), 7. 68 (doublet of doublets, 1H, J = 14 Hz,

7 Hz, methylene proton), 7.32 (broad singlet, 2H, bridgehead proton),

6. 38 (s, 1H, -CHOH), 5. 82 (doublet of doublets, 1H, J = 7. 0 Hz, 2. 4

Hz, -GI-10H).

Anal. Calcd for C9H1002: G, 71.98; H, 6.71

Found: C, 71. 87; H, 7. 16.
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Reduction of exo-8-Hydroxydeltacyclan-5-one Ethane Dithiol-

ketal 36 (66). Thioketal alcohol 36 (0.80 g (0. 0035 mol), 15 ml of

triethylene glycol, 5 ml of 95% hydrazine hydrate and 2. 5 g (0. 0045

mol) of KOH were added to a 25 ml flask attached to a micro distilla-

tion still. The mixture was stirred and heated to 90° . A slow evolu-

tion of gas began, which was collected in an inverted cylinder. Final

heating of the flask was accomplished at 135-140° for 2 hr. The

reaction vessel was cooled and the contents transferred to a repara-

tory funnel, diluted with 50 ml of water, and extracted three times

with ether. The ether extracts were washed with saturated salt

solution and dried over anhydrous magnesium sulfate. Rotary evapo-

ration of solvent gave 0.36 g (0. 0026 mol, 74% yield) of product. A

vpc collected sample (Col 4, 100 ml/min) was identical by spectral

comparison to an authentic sample of exo- 8- deltacyclyl alcohol.

Preparation of exo-8-Brosyloxytetracyclo[4. 3. 02' 403' 7]-

nonan-5-one 26. To a stirred solution of 4. 10 g (0. 027 mol) of

exo-keto alcohol 25 in 75 ml of pyridine at 0° was added 8.0 g (0. 031

mol) of p-bromobenzenesulfonyl chloride over a period of 1 hr, main-

taining the temperature between 0° and 7° The solution was stirred

an additional hr at room temperature, and then allowed to stand in a

refrigerator for 10 days. The product was worked up as described above

for 2 7. Recrystallization from a 90:10 pentane-ether mixture

gave white crystalline brosylate; mp 94-95° ; nmr (100 MHz, CC14)
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T 8. 6-8. 0 (m, 1H cyclopropyl proton) 8. 0-8. 4 (m, 4H), 7. 79

(doublet of doublets, 1H, J = 14 Hz, 6. 5 Hz, endo-methylene pro-

ton), 7. 33 (broad singlet, 1H, bridgehead proton), 7. 16 (broad

singlet, 1H, bridgehead proton), 5. 15 (doublet of doublets, 1H,

J = 6. 5 Hz, 2. 4 Hz, -CHOBs).

Anal. Calcd for C15 H
13

0
4
SBr: C, 48. 79; H, 3. 55.

Found: C, 48. 51; H, 3.49.

Preparation of endo-8-Acetoxydeltacyclan-5-one Ethylene

Glycol Ketal 28. To 200 ml of dry benzene 13.0 g (0. 045 mol) of

tetra-n-butyl-ammoniurn acetate (70) and 11.0 (0. 027 mol) of exo-

ketal brosylate 27 were added and heated at 58° for 15 hr in a tightly

stoppered flask. The resulting dark solution was then distilled under

reduced pressure to remove the benzene. Ether (200 ml) was added

and the solution was washed several times with 100 ml portions of

saturated salt water, 10% sodium carbonate, and water. The organic

layer was dried with anhydrous magnesium sulfate, and the solvent

rotary evaporated to give 6. 0 g (0. 025 mol, 93% yield) of endo-ketal

acetate 28; it (neat) 3055 (cyclopropyl C-H stretching), 1730 (C=0),

1362, 1250, 1125 cm-1; nmr (100 MHz, CC1 4) T 8. 4-9. 0 (m, 6H,

cyclopropyl, bridgehead, and methylene protons), 8.04 ( s, 3H,

OCOCH
3

), 7. 64 (m, 1H, bridgehead proton), 7. 38 (m, 1H, bridge-

head proton), 6. 22 (d, 4H, J = 2Hz, - OCH2CH2O -), 5. 02 (doublet

of triplets, 1H J = 9. 8 Hz, 3. 4 Hz, -CHOAc).
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Anal. Calcd for C13 H1604: C, 66. 09; H, 6. 83.

Found: C, 66.01; H, 6. 71.

Preparation of endo-8-Hydroxydeltacyclan-5-one Ethylene

Glycol Ketal 21. To a rapidly stirred solution of 2.80 g (0. 074 mol)

of lithium aluminum hydride in 400 ml of anhydrous ether was slowly

added 13.0 g of endo-ketal acetate 28 in 50 ml of ether. The reaction

was allowed to stir for 14 hr at room temperature, and worked up as

described above for 24, giving 6.0 g (0. 031 mol, 91% yield) of white

solid endo-ketal alcohol; mass spectrum parent peak at m/e 194; it

(neat) 3390 (OH stretching), 3055 (cyclopropyl C-H stretching),

1361, 1124, 1008 cm -1 ; nmr (100 MHz, CC14) T 7.9-9, (m, 7H,

cyclopropyl, methylene, bridgehead protons, and CHOH, 7. 72

(broad singlet, 1H, bridgehead proton), 7.62 (broad singlet, 1H,

bridgehead proton), 6. 20 (d, 4H, J = 2 Hz, -CH2CH20-), 5. 73

(doublet of triplets, 1H, J = 9. 6 Hz, 3. 8 Hz, -CHOH).

Anal. Calcd for CI 11-11403: C, 68.02; H, 7. 27.

Found: C, 67. 86; H, 7. 22.

Preparation of endo-8-Brosyloxydeltacyclan-5-one Ethylene

Glycol Ketal 34. To a solution of 5. 0 g (0. 026 mol) of endo-ketal

alcohol 29 was added 80 ml of dry pyridine, and the solution was

cooled to 0-5° . R-Bromobenzenesulfonyl chloride (8. 0 g, 0. 0313 mol)

was added over 30 minutes, maintaining the temperature at 0-7 .

The solution was stirred an additional 15 min at 0° , and finally 15
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min at room temperature. After standing in a refrigerator for 10

days, the reaction mixture was worked up as described above for

brosylate 27. Recrystallization of crude brosylate from a 70:30

pentane-ether mixture yielded 9. 0 g (0. 022 mol, 85% yield) of

crystalline brosylate; mp 79-81° ; nmr (100 MHz, CC14) T 8. 86

(t, 1H, J = 6 Hz, cyclopropyl proton at C-4), 8. 0-8. 4 (m, 5H,

cyclopropyl, bridgehead, and methylene protons), 7. 62 (broad

singlet, 1H, bridgehead proton), 7.38 (broad singlet, 1H, bridge-

head proton), 6. 16 (m, 4H, OCH2CH2O -), 5. 09 (doublet of triplets,

1H, J = 9. 6 Hz, 3.8 Hz, -CHOBs).

Anal. Calcd for C 17H17O5SBr: C, 49. 40; H, 4. 14.

Found: C, 49. 26; H, 4. 15.

Preparation of endo-8-Hydroxydeltacyclan-5-one 30. To 3. 3 g

(0. 017 mol) of endo-ketal alcohol 29 was added 21 ml of methanol and

3.9 g of 5% sulfuric acid. The mixture was rapidly stirred for 5 hr

at room temperature and then worked up as in the analogous prepara-

tion keto alcohol 25 above. endo-Keto alcohol, (1. 1 g, 0.007 mol,

36% yield), was obtained; it (neat) 3401 (OH stretching), 3055

(cyclopropyl C-H stretching), 1742 (C=0), 1074, 1042, 840, 794

-cm 1 ; nmr (100 MHz, CC1 4) T 8. 74 (m, 2H, cyclopropyl protons),

7. 75-8. 74 (m, 4H), 7. 33 (m, 2H, bridgehead protons), 6. 68 (s, 1H,

-CHOH), 5. 58 (doublet of triplets, 1H, J = 9. 5 Hz, 3. 5 Hz, -CHOH).
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Preparation of endo-8-Brosyloxydeltacyclan-5-one 31. To a

stirred solution of 2.12 g (0. 014 mol) of endo-keto alcohol 30 in 40

ml of pyridine cooled to 0° in an ice bath was added 4. 0 g (0. 016

mol) of 2-bromobenzenesulfonyl chloride over a period of 30 minutes,

maintaining the temperature at 0-7°. The solution was stirred an

additional 15 minutes at 10°, and finally 15 minutes at room temper-

ature. The pyridine mixture was allowed to stand in a refrigerator

for 10 days, and then worked up as in preparation of brosylate 27

above, giving 3. 9 g (0. 0095 mol, 67% yield) of endo-keto brosylate.

Recrystallization of a portion of the brosylate from 90:10 pentane-

ether solution gave white crystalline brosylate; mp 94-95.; nmr

(100 MHz, CHC1 3) T 8.6 -8. 9 (m, 3H, cyclopropyl protons), 8. 1 -8.4

(m, 2H), 7. 8-8. 1 (m, 1H), 7. 38 (broad singlet, 1H, bridgehead

proton), 7. 14 (broad singlet, 1H, bridgehead proton), 5.08 (doublet

of triplets, 1H, J = 9. 5 Hz, 3. 4 Hz, -CHOBs).

Anal. Calcd for C15H13O4SBr: C, 48. 79; H, 3.55.

Found: 49. 08; H, 3. 80.

Preparation of exo-8-Acetoxydeltacyclan-5-one Ethane Dithiol

Ketal 35 (32). Boron trifloride etherate (2 ml) was slowly added to a

stirred solution of 25. 0 g (0. 13 mol) of exo-keto acetate 7 in 20 ml

of ethane dithiol which was cooled in an ice-salt bath. An immediate
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exothermic reaction occurred, at which time the solution turned

milky white and very viscous. The reaction was allowed to stir

an additional 5 min, and then 10 ml of ether was added. The organic

layer was washed several times with 10% aqueous sodium hydroxide

solution, followed by saturated salt water, to remove excess ethane

dithiol. Drying the ethereal layer over anhydrous magnesium sulfate,

filtration, and rotary evaporation of the solvent gave 31. 1 g (0. 11 mol,

89% yield) of waxy solid thioketal acetate: mp 55 - 58 ° (vpc col-

lected); it (neat) 3055 (cyclopropyl C-H stretching), 1727 (CO),=

1236, 1036 1015 cm-1; nmr (100 MHz, CHC1 3) T 8.75 (m, 2H,

cycloporpyl protons), 8. 38 (m, 2H, cyclopropyl, methylene protons),

8. 02 ( s, 3H, OCOCH3), 7. 92 broad singlet, 1H, bridgehead proton),

7. 82 (d, 1H, J = 14 Hz, 7 Hz, endo-methylene proton), 7. 62 (broad

singlet, 2H, bridgehead protons), 6. 78 (s, 4H, -SCH2CH2S-), 5. 12

(doublet of doublets, 1H, J = 7. 0 Hz, 2. 4 Hz, -CHOAc).

Anal. Calcd for C
13H16

02S2: C, 58. 17; H, 6. 02.

Found: C, 58. 16; H, 5. 89.

Preparation of exo-8-Hydroxydeltacyclan-5-one Ethane Dithiol

Ketal 36. Thioketal acetate 35 (20. 0 g, 0.075 mol) in 50 ml of ether

was added to a rapidly stirred mixture of 2.6 g (0. 068 mol) of lithium

aluminum hydride in 100 ml of anhydrous ether at room temperature.

The reaction was allowed to stir for 12 hr and then worked up as

described above for alcohol 24, giving 16. 5 g (0. 074 mol, 9 9 % yield)
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of thioketal alcohol 35; it (neat) 3390 (OH stretching), 3055 ( cyclo-

propyl C-H stretching), 1073, 1040, 1005, 833 cm-1; nmr (100 MHz,

CHC13) T 8. 84 (m, 2H, cyclopropyl protons), 8. 52 (doublet of trip-

lets, 1H, J = 14 Hz, 2 Hz, methylene proton), 8. 44 (m, 1H), 7.90

(doublet of doublets, 1H, J = 14 Hz, 7 Hz, methylene proton), 7.84

(broad singlet, 1H, bridgehead proton), 7. 68 (broad singlet, 2H,

bridgehead proton), 6. 74 (s, 4H, -SCE2CH2S-), 5. 88 (doublet of

doublets, 1H, J = 7. 0 Hz, 2.5 Hz, CHOH).

Anal. Calcd for C11 H
13

0S2: C, 58. 37; H, 6. 23.

Found: C, 58. 74; H, 6. 07.

Preparation of exo-8 -Brosyloxydeltacyclan-5-one Ethane

Dithiol Ketal 37. E-Bromobenzene sulfonyl chloride (15. 0 g, 0. 056

mol) was added in small portions over one hr to a stirred solution

of 11. 0 g (0. 049 mol) of exo-thioketal alcohol 36 in 200 ml of dry

pyridine. A temperature of 0-7° was maintained during the addition.

The mixture was stirred for one hr at room temperature, allowed to

stand in a refrigerator for 8 days, and worked up as described for

brosylate 27. Upon recrystallization from a 70:30 pentane-ether

mixture 18. 0 g (0. 040 mol, 82% yield) of crystalline brosylate was

obtained; mp 119-121° ; nmr (100 MHz, CHC13) T 8. 82 (t, 2H, 3-

6 Hz, cyclopropyl protons at C-2, C-3), 8. 38 (t, 1H, cyclopropyl

proton), 8. 28 (doublet of triplets, 1H, J = 14 Hz, 2 Hz, methylene

proton), 7.89 (doublet of doublets, 1H, J = 14 Hz, 7 Hz, methylene
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proton), 7. 84 (broad singlet, 1H, bridgehead proton), 7. 64 (broad

singlet, 1H, bridgehead proton), 7. 48 (broad singlet, 1H, bridgehead

proton), 6. 76 (broad singlet, 4H, -SCH
2
CH

2
S-), 5. 20 (doublet of

doublets, 1H, J = 6. 8 Hz, 2.3 Hz, -CEOBs).

Anal. Calcd for C17 HI 0
3

S
3
Br: C, 45.83; H, 3.84.

Found: C, 45.97; H, 3.95.

Preparation of exo-8-Hydroxydeltacyclan-5-one 25 (71). To a

rapidly stirred solution of 5.0 g (0. 022 mol) of exo-thioketal alcohol

36, 11.0 g (0. 064 mol) of cadmium carbonate, and 16 ml of water

was slowly added 11.0 g (0. 047 mol) of mercuric chloride in 10 ml

of acetone. The reaction was allowed to stir for 25 min at room

temperature and then extracted with 100 ml of chloroform. Evapora-

tion of the solvent under reduced pressure gave 2. 8 g (0. 0186 mol,

85% yield) of clear colorless keto alcohol whose spectra (ir, nmr)

were identical to the product obtained from the hydrolysis of ketal

24.

Preparation of endo-8-Acetoxydeltacyclan-5-one Ethane

Dithiol Ketal 38. To 19. 0 g (0. 043 mol) of exo-thioketal brosylate

37 was added 21. 0 g (0. 074 mol) of tetra-n-butyl ammonium acetate

(70) in 50 ml of dry benzene. The flask was tightly sealed, and the

contents heated to 60° for 16 hr and worked up as described for

endo-acetate 28, giving 10. 5 g (0. 039 mol, 89% yield) of endo-thio-

ketal acetate 38 as a waxy solid; mp 65-66° (vpc collected); ir (neat)
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3055 (cyclopropyl C-H stretching), 1724 (C=0), 1361, 1245, 1125,

1031 cm-1; nmr (60 MHz, CC1 4) T 8.3 -8. 8 (m, 4H), 8. 17 (d, 1H,

J = 14 Hz, methylene proton), 7. 85 (m, 1H, bridgehead proton), 7. 68

(broad singlet, 1H, bridgehead proton), 7. 44 (broad singlet, 1H,

bridgehead proton), 4.93 (doublet of triplets, 1H, J = 9. 8 Hz, 3.4

Hz, -CHOAc).

Anal. Calcd for C13E1160252: C, 58. 17; H, 6. 02.

Found: C, 58. 13; H, 5. 78.

Preparation of endo-8-Hydroxydeltacyclan-5-one Ethane

Dithiol Ketal 39. endo-Thioketal acetate 38 (13.0 g, 0.048 mol)

in 50 ml of ether was added to a rapidly stirred solution of 2. 5 g

(0. 066 mol) of lithium aluminum hydride in 150 ml of ether. The

mixture was stirred at room temperature for 12 hr and worked up

as described for alcohol 24, giving 9. 5 g (0. 042 mol, 88% yield) of

waxy solid endo-thioketal alcohol; mp 90-93° ; nmr (100 MHz, CHC13)

T 8.8-8.35 (m, 4H), 7.8-8.2 (m, 2H), 7.72 (broad singlet, 1H,

bridgehead proton), 7. 52 (m, 1H, bridgehead proton), 7. 04 ( s, 1H,

-CHOH), 6.76 (s, 4H, -SCH2CH2S-), 5.60 (doublet of triplets, 1H,

J = 9. 5 Hz, 3. 5 Hz, -CHOH).

Anal. Calcd for C 11H13O52: C, 58. 37; H, 6. 23.

Found: C, 58. 11; H, 6. 12.

Preparation of endo-8-Bros yloxydeltacyclan-5-one Ethane

Dithiol Ketal 40 To a stirred solution of 8. 0 g (0. 034 mol) of
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endo-thioketal alcohol in 120 ml of pyridine was added 11.0 g

(0. 043 mol) of p-bromobenzenesulfonyl chloride over one hour while

the temperature was maintained at 0-7° . The solution was stirred

an additional 1/2 hr at room temperature, and then allowed to stand

in a refrigerator for 10 days. The reaction was worked up as

described for brosylate 27. Recrystallization of the brosylate from

a 70:30 pentane-ether mixture gave 14.0 g (0.031 mol, 92% yield)

of product; mp 127. 5-129° ; nmr (100 MHz, CHC13) T 8. 58 (m, 2H),

8. 42 (m, 2H), 7. 8-8. 4 (m, 2H), 7. 66 (broad singlet, 1H, bridge-

head proton), 7. 52 (m, 1H, bridgehead proton), 6. 80 (d, 4H, J =

4 Hz, - SCH2CH2S -), 5. 03 (doublet of triplets, 1H, J = 9. 4 Hz, 3. 6

Hz, -CHOBs).

Anal. Calcd for C17 H
17

S
3
0

3
Br: C, 45. 83; H, 3. 84.

Found: C, 45. 84; H, 3.9 2.

Preparation of exo-8-Acetoxy-5-Methyl -5-Hydroxydeltacyclane

54. To a 3-necked 250 ml flask equipped with a condenser, dropping

funnel and N2 inlet was added 6.7 g (0. 28 mol) of magnesium and

100 ml of anhydrous ether. Methyl iodide (44 g, 0.31 mol) was

slowly added. The mixture was warmed with a hot water bath until

all magnesium had dissolved. Keto acetate 7 (25 g, 0. 13 mol) in

25 ml of ether was then slowly added. A white precipitate immedi-

ately formed. The mixture was refluxed for an additional 2 hr,

followed by cooling and cautious addition of saturated ammonium
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chlorid solution. The aqueous phase was extracted with ether and

combined with the initial organic layer. Washing the extracts with

salt water, drying (MgSO4), and rotary evaporation gave 23.8 g (0. 113

mol, 87% yield) of crude product which was not further purified; it

(neat) 3200 (OH stretching), 3055 (cyclopropyl C-H stretching), 1727

(C=0), 1232 cm-1; nmr (60 MHz, CC14) T 8.5-9.2 (m, 3H), 8.75 (s,

3H, -CH
3

), 7.4 (s, 1H, CHOH), 7.5-8.5 (m, 5H),. 8.06 (s, 3H,

- OCOCH
3
), 5.1 (doublets of doublets, 1H, J = 6.5 Hz, 2.5 Hz,

- CHOAc).

Dehydration of exo-8-Acetoxy-5-methy1-5-Hydroxydeltacyclane

54. Tertiary alcohol 54 (2. 10 g, 0. 010 mol), prepared above, and

0.15 g (0. 00066 mol) of naphthalene sulfonic acid were added to a 25

ml flask and attached to a short path distillation still. The receiver

was cooled in a dry ice-acetone bath. The contents of the flask were

stirred and heated under vacuum (0.3-0.5 mm) to 120-140°, at

which time alkene distilled. Heating was continued until formation

of alkene ceased. Considerable tar was left in the pot. The product

was taken up in 25 ml of ether and dried over anhydrous magnesium

sulfate. Rotary evaporation of solvent gave 0.98 g (0. 0052 mol,

52% yield) of product. Vpc analysis indicated only one compound

(Col 1, 165', 100 ml/min, llmin), having characteristic infrared
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C=C stretch at 1667 cm -1 and nmr methylene absorption at T 5.42.

Dehydration was attempted with larger amounts of starting material,

but resulted in lower yields. The following physical and spectral

properties were observed: mp 41. 5-42. 5° (vpc collected); mass

spectrum, parent peak at mie 190; ir (neat) 3055 (cyclopropyl and

olefinic C-H stretching), 1727 (C=0), 1242, 1031, 866 cm-1; nmr

(100 MHz, CC14) T 8. 74 (m, 2H, cyclopropyl protons at C-2, C-3),

8. 54 (m, 2H, cyclopropyl proton at C-4, methylene proton at C-9),

8. 12 (s, 3H, -CL13), 7.84 (doublet of doublets, J = 14 Hz, 6. 5 Hz,

endo-methylene proton at C-9), 7.8 (m, 3H, bridgehead protons),

5.42 (s, 2H, =CH2 protons), 5. 16 (doublet of doublets, 1H, J =

6. 5 Hz, 2. 5 Hz, -CHOAc).

Anal. Calcd for Cl2H1402: C, 75. 77; H, 7. 42.

Found: C, 75. 63; H, 7.42.

Reduction of exo-8-Acetoxy-5-methylenedeltacyclane 55.

Acetate 55 (3.89 g, 0.020 mol) was added to 25 ml of anhydrous

ether, and 0. 70 g (0. 018 mol) of lithium aluminum hydride was

carefully added. The mixture was stirred overnight, and worked

up as described for alcohol 24, giving 2.49 g (0. 017 mol, 84% yield)

of alcohol 56; mp 63-65° (vpc collected); ir (neat) 3333 (OH stretch-

ing), 3055 (cyclopropyl C-H and olefinic C-H stretching), 1667 (C=C

stretching), 1067, 868 cm-1; nmr (100 MHz, CC14) T 8. 76 (m, 2H,

cyclopropyl protons at C-2, C-3), 8. 40 (m, 2H, cyclopropyl proton
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at C-4, methylene proton at C-9), 7.98 (doublet of doublets, J =-

14 Hz, 6. 5 Hz, methylene proton at C-9), 7. 75 (m, 3H, bridgehead

prct ons), 7. 02 (s, 1H, -CHOH), 5.90 (doublet of doublets, J = 6. 5

Hz, -CHOH), 5. 36 (s, 1H, =CH 2), 5.32 (s, 1H, =CH2 proton).

Anal. Calcd for C
10

H
12

0: C, 81.04; H, 8. 16.

Found: C, 80. 88; H, 8. 07.

Preparation of exo-8-Brosyloxy-5-methylenedeltacyclane 57.

To a stirring solution of methylene alcohol 56 (1. 07 g, 0. 0072 mol)

and 30 ml of dry pyridine, 2.-bromobenzenesulfonyl chloride (2. 0 g,

0. 0078 mol) was added portion-wise, maintaining the temperature

at 0-5° . The solution was stirred for 1 hr, and then allowed to

stand in a refrigerator for 4 days. The reaction was worked up as

described for brosylate 27, giving 1. 57 g of crude brosylate. Re-

crystallization from pentane gave 1. 43 g (0. 0039 mol, 54% yield) of

white crystalline brosylate; mp 62-67° ; it (neat) 3055 (cyclopropyl

G-H stretching), 1661 (olefinic C=C stretching), 1634 (aromatic C=C

stretching), 1376, 1174 cm-1; nmr (100 MHz, CC14) -r 8.6 (m, 2H,

cyclopropyl protons), 8. 4 (m, 1H, cyclopropyl, proton), 8. 25

(doublet of triplets, 1H, J = 14 Hz, 2 Hz,methylene proton) 7.8

(doublet of doublets, 1H, J = 14 Hz, 6. 5 Hz, methylene proton), '7. 7

(broad singlet, 2H, bridgehead protons), 7. 6 (broad singlet, 1H,

bridgehead proton), 5. 26 (s, 2H, =CH2), 5. 16 (doublet of doublets,

1H, J = 6. 5 Hz, 2. 5 Hz, -CHOBs).
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Anal. Calcd for C16 H
15

0
2
SBr; C, 52. 33; H, 4. 12.

Found: C, 52. 17; H, 4. 28.
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PART II

SYNTHESIS OF THE TETRACYCLO[4. 3. 0.02' 4. 03' 8]NONYL
RING SYSTEM AND INVESTIGATION OF ITS

SOLVOLY TIC BEHAVIOR

RESULTS AND DISCUSSION

Work by Freeman, Balls, and Blazevich (63) discussed earlier,

demonstrated that solvolysis of exo-9-deuterio-exo -8-deltacycly1

brosylate 1 solvolyzed to exo-acetate 2 ( > 99.6% exo) with 50 ± 1%

rearrangement of deuterium to C-5. 9,9- Dideuterio - endo -8- delta-

cyclyl brosylate 2 also gave exo-acetate (99. 6% exo) with 45% migra-

tion of label to C-5.

(D)

Ac0

(D)

2

(H) D D (H)

4

Solvolysis of undeuterated but optically active 1 and 3 revealed that

the exo-brosylate solvolyzed with 99 % retention of optical activity,

whereas endo-brosylate 3 underwent 57% loss of activity. In view



109

of the above, coupled with the nmr spectrum of the stable carbonium

ion, and the rate acceleration for 1, the simplest and most rational

intermediate in the exo-case is that shown in 5 with delocalization

of charge beween C-4 and C-8. exo-Brosylate 3 is assumed to pro-

ceed directly to this intermediate.

BsO Product

The amount of deuterium scrambling, the degree of racemiza-

tion, the polar effects of substituents at C-5 on the rates of solvolyses

(Part I), and the stereochemistry of product formation are not amen-

able to such a simple explanation in the endo-case. The most likely

first formed intermediate is classical carbonium ion 6, which pos-

sibly can leak over to delocalized intermediate 5, or proceed through

the series of alkyl shifts described in the introduction (scheme 5).

OBs
6
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Two key intermediates to process are ion 7 by Wagner-Meerwein

shift of C-3, and ion 8 by subsequent alkyl migration of C-9.

Since ions 7 or 8 were not detected in the solvolysis of 3, a

necessary test of such a reaction scheme would be a synthesis of

labeled 9, followed by a comprehensive study of the carbonium ion

formed on solvolysis.

9

The basic synthetic route which was explored as a possible

pathway to exo- and endo-7-tetracyclo[4.3.0.02' 4.03' 8]nonyl
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derivatives is outlined in scheme 1, inspired by the work of Nikon

(83), in which the synthesis of tetracyclic ketone 19 was reported by

the sequence of steps outlined in scheme 2, starting with the sodium

salt of 5-norbornene endo-2-carboxylic acid.

0
19

Scheme 2

C2O2C12

Cu

CHN
2

O

The most obvious problem was the choice of a suitable dieneo-

phile for the initial Diels-Alder reaction which would be both a good

dienophile and a group amenable to later solvolytic conditions. trans-

p- Chloroacrylyl chloride 10 was chosen, owing to its ease of prepa-

ration.

The monopotassium salt of acetylene dicarboxylic acid was

thermally decarboxylated to form propiolic acid (84). Addition of

HC1 followed by treatment with thionyl chloride afforded an isomeric

mixture of cis- and trans-I3-chloroacryloyl chlorides 15 and 10
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separable by distillation. Structural assignments were based on

their nmr spectra. The cis-isomer was assigned to the product

exhibiting two doublets with a coupling constant of 7.8 Hz; the trans-

isomer was assigned to the one having a pair of doublets with 13 Hz

splitting. Addition of cyclopentadiene to the trans-product resulted

in formation of Die ls-Alder adducts 11 and 12. Characterization of

the adducts was based on nmr analysis. A triplet ( T 6.05, J = 2.2

Hz), integrating to nearly one proton (0.9) was assigned to the endo-

proton a- to chlorine in 11, while smaller triplet at T 5.42 (J = 3.5

Hz) (0. 1 proton), was assigned to the proton a- to chlorine in 12.

Further substantiation for the assignments will be presented later

from similar splitting patterns in analogous compounds. Treatment

of 11 with diazomethane, followed by thermal ring closure gave

tetracyclic ketone 14 (exo-7-chloroisodeltacyclan-5-one).
1 The

product exhibits a mass spectral parent peak at 168 and gave correct

carbon-hydrogen analysis for C9H9OCI. Its infrared spectrum has

an absorption at 3055 cm-1, characteristic of cyclopropane C-H

stretching. The nmr has a singlet at T 6. 26 for the proton a- to

chlorine. The absence of coupling from neighboring bridgehead

proton is a consequence of the dihedral angles between F-B and

1 The compounds having the basic carbon structure of 14 will be
named as isodeltacyclane derivatives.
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Figure 8. 100 MHz Spectrum of exo-7-Chlorotetracyclo[4.3.0.0 2,4
.0

3,8 ]nonan-5-one

with Eu(fod)3 added (sw 1000) (CC14) .



Figure 9. 100 MHz Spectrum of exo-7-Chlorotetracyclo[4.3.0.0 2,4 .0
3,81

nonan-5-one

(spa 1000)(CC14).



A-B (95° and 75 °). Treatment of a sample of 14 with Eu(fod)
3

gave a fairly well resolved spectrum whose protons were assigned

(Figures 8 and 9) using proton decoupling.

14

116

F (a poorly resolved multiplet) is coupled to the methylene protons

(J< 2 Hz) and to H (J = 6 Hz). H is coupled further to E and to C

(J = 6 Hz). A, a doublet (J = 6 Hz) collapses to a singlet on irradia-

tion of poorly resolved triplet D. Geminal protons G and I, a pair

of doublets (J = 10 Hz) are easily identified by their large coupling

constant. The chemical shifts and coupling constants that exo-keto

chloride 14 exhibits are quite close to those found for structurally

similar keto acetate 47, to be discussed below.

Caglioti and Grasse lli (85) had reported a facile reduction

of tosylhydrazones using sodium borohydride, obtaining yields as

high as 80%. Preparation of tosylhydrazone 20 followed by NaBH4



reduction afforded no isolable product by vpc analysis.

fi
NNHTs
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20

Raney nickel reduction of thioketal derivative 21, prepared in a

similar manner to the method described in Part I for 36 also gave

no useful product. Raney -nickel is known to be capable of reducing

halogen groups (86). Further, H. C. Brown (87) has investigated

the reduction of secondary halides with NaBH4
in aqueous and non-

aqueous solvent systems and has found reduction in both media,

the protic solvents being superior. If reduction of both groups

occurred, the hydrocarbon formed might have escaped detection.

An attempt was made to solvolyze chloride 14 in acetic acid.

The keto group would be expected to eliminate products formed from

intermediates such as 22 or 23 for the same reasons given in Part I

for the solvolytic rearrangement observed in the acetolysis of

9-bromo-deltacyclan-8-one. Only unreacted starting material

could be recovered even at elevated temperatures (120° ) in acetic

acid. Repeating the process with one equivalent of silver acetate

gave two products in a ratio of 4. 5:1.
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Or

24

Isolation of the minor product and spectral comparison with exo-

keto acetate 7 (Part I) proved the two to be identical. The major

product's infrared has absorptions at 3055 (cyclopropyl C-H stretch-

ing, 1750 (CO=7 stretching), and 666 cm-1 (C-Cl stretching), indi-

cating that a rearranged compound containing both a chlorine and

a carbonyl group had been formed. Further, its nmr was similar

to the minor product, and contains a doublet of doublets at T 5.78

(1H, J = 6.5 Hz, 2. 5 Hz), characteristic of the exo- 8- deltacyclyl

derivatives. Reaction of exo-keto alcohol 25 (Part I) with thionyl

chloride gave one product. Spectral comparison (nmr and ir) with
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the solvolysis product demonstrated the two to be identical. Thus

both structures are exo- 8- deltacyclyl chloride 24.

Apparently internal return of chloride can occur after ioniza-

tion induced by Ag+ and rearrangement.
8+

/1
0

C1

5

//
O 0 4
/1

24
/1

O

The rearrangement shown in scheme 9 might seem surprising,

since formation of silver chloride would be expected to be irre-

versible. Gassman (88) has found the same results on solvolysis

of 25.
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Since the exo-keto chloride failed to respond to the reductive

conditions mentioned, attention was turned to synthesis of endo-keto

chloride 16 outlined in scheme 1. cis-p-Chloroacryly1 chloride 15

on reaction with cyclopentadiene afforded di-endo-adduct 16, based

on the following analysis: the nmr spectrum has absorptions at

6. 25 (doublet of doublets, J = 9 Hz, 2. 5 Hz, -CHCOC1) and at

T 4.35 (doublets of doublets, J = 9 Hz, 3. 5 Hz, -CHC1), the multi-

plicity arising in both cases from exo-C-5-C-6 proton coupling (J =

9 Hz) and smaller coupling (J = Z. 5 and 3. 5 Hz respectively) with

adjacent bridgehead protons. Two multiplets at r 3.65 and 3.85,

representing the olefinic protons are also present, differing from

the broad singlet absorption for exo-isomer 11. The coupling con-

stants observed in both exo-chloride 11 and endo-chloride 16 are

very similar to those reported in norbornane and norbornene



121

(Table 4) (89).

Table 41 Coupling Constants for Norbornane and Norbornene (89).

H
Norbornane

J5,
6

( endo - endo )

J56 (exo-exo)

J16 (H6 exo)

J16 (H6 endo)

J
5, 6

(endo-exo)

7

H

Coupling
(cps )

Norbornene
Coupling

(cps)

2.

6-7

9-10

3-4

0-2

5-5. 0

J2,3

JI,
2

J1,
7

5.1-6.0

2.2-3.3

0.0-3.5

Treatment with diazomethane, followed by thermal ring closure,

gave a single product whose mass spectrum has a parent peak at

168 and whose it contains absorptions at 3055 (cyclopropyl C-H

stretching) and 1761 cm-1 (carbonyl stretching). The nmr spectrum

exhibits a doublet of doublets (J = 9 Hz, 2 Hz) for the proton a- to
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chlorine. The coupling with the adjacent bridgehead protons is con-

sistent with the dihedral angles involved (25° and 40° for C-6-C-7

and C-7-C-8 respectively).

a 18

Treating an nmr sample with Eu(fod)
3

resulted in a nearly resolved

spectrum in which all protons were assigned (Figures 10 and 11)

upon proton decoupling. A is coupled to D (J = 4 Hz) and to C (J =

9 Hz). C is further coupled to G (J = 2 Hz). G is also coupled to

cyclopropyl proton E by 6 Hz, and to methylene protons I and H

(J < 2 Hz). D is further coupled to F (J = 4 Hz). Geminal protons

I and H are coupled to each other (doublets, J = 10 Hz). The exact

nature of the coupling between cyclopropyl protons E, F, and B

could not be determined, but should be 5-6 Hz.

8. 23 7. 6 -8.0





Figure 11.100 MHz Spectrum of endo-7-Chlorotetracyclo[4.3.0.02,4 .0
3,8

]nonan-5-one

with Eu(fod) added (sw 1000) (CC14) .



Freeman and Balls (90) recently reported that Wolff-Kishner

reduction of exo-chloride 14, using the Huang-Minlon modification,

resulted in formation of hydrocarbon 26 in good yield (49%).

O

14

W-K

26 (49%)

125

A fairly thorough investigation has been made on the exact mechanis-

tic pathway occurring in the Wolff-Kishner reduction (91). The reac-

tion is generally accepted to proceed via hydrazone formation followed

by proton abstraction and loss of nitrogen to form a free carbanion.

R

S +

R

RDS

- +
BMC =NNH N '--C=z7N=NH

R/

+

M+ + HS
-N

2

2

B + HCRN
2 2

S = Solvent
BM = Base

+ BH + M+ + S

Thus, in the case of 14 hydrocarbon 26 is undoubtedly formed by

backside displacement of chloride.
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endo-Chloride 18 would be unable to undergo such a transformation,

and might give the desired reduction product.

W-K

Under the same methods employed for formation of 26, no product

could be detected. Since the Wolff-Kishner conditions are fairly

stringent (190-200° ), two modified procedures were tried (92, 93)

which require lower temperatures (25-100° ). Again no evidence

of product formation could be found. Reduction via thioketal 27

using the method employed in Part I for reduction of the thioketal

group also failed.



127

27

It appeared that possibly the chloro group was too labile to the reduc-

tive conditions necessary for removal of the keto group. Attempts

to displace the chlorine by Sn2 reaction with nucleophiles such as

OAC , NO and N3 were totally unsuccessful.

Since treatment of exo-chloride 14 with AgOAc/HOAc demon-

strated that the desired rearrangement was possible, a search for

a more suitable dienophile was undertaken. Novikov and coworkers

(94) had earlier reported synthesis of Diels-Alder adducts 28 and

29 from trans -3 -nitro acrylic acid and cyclopentadiene.

HOOC

I I +\NO
2

28

HOOC

However, the isomeric ratio was not reported. exo-5-Nitro-endo-

6-carboxy norbornene 28 would be a very desirable product, since
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the nitro group would be stable to most reductive conditions. Conver-

sion to an amine and treatment with nitrous acid would produce the

desired cationic intermediate.

NO2
0 Cl (1) C1-1 T2 (1) W-K HNO22? 2 2

( 2) A, (2)Fe, Fe CI
3

CuSO4 0
/1

Analysis of the Diels-Alder adduct's nmr spectrum revealed two

peaks in a ratio of 4. 8:1 at T 5.34 and 4.64, representing the pro-

tons a- to -NO2 for the two isomeric products. The larger absorp-

tion was a triplet (J = 3. 5 Hz) and the smaller upfield peak a poorly

resolved multiplet (J 2-3 Hz). The major isomer was assigned

to 29, based on the similarity of the coupling for -CHNO2 with that

for CHC1 in endo-chloro Diels-Alder adduct 12, and the fact that

endo-protons in the norbornene ring system normally absorb further

upfield than exo-protons (95).

Since the predominant isomer formed had the wrong stereo-

chemistry, search for a dienophile was continued. Preparation of

the sodium salt of cyanoacetaldehyde had been reported earlier (96)

from reaction of sodium ethoxide with isoxazole. Treatment of the

salt with acetyl chloride afforded a mixture of cis- and trans-p-

acetoxyacrylonitriles 30 and 31 in a 2. 19:1 ratio, based on coupling
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constants for the olefinic protons, assigning the cis-isomer to the

product with J = 6 Hz, and the trans-isomer to the one with J = 12 Hz.

H

C

NaOFt

N

CH3COC1

NaOCH = CHCN

AcO

/ 30
NC

I 1

C(
31

Reaction of the acetoxyacrylonitriles with cyclopentadiene gave three

Diels-Alder adducts in the ratio 13.8:24. 6:61.6 (31% yield). The

61. 6% component exhibits a doublet (T 5.88 J = 6 Hz) for -CHOAc,

and is assigned to di-endo adduct 32. This coupling is similar to

that uncovered for di-endo chloro adduct 16. The 13.8% component

has a broad singlet at -r 5.36 (-CHOAc) and is assigned to 33. The

24. 6% component exhibits a triplet (-CHOAc) at -r 4.71 (J = 3 Hz)

and is assigned to 34.
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AcO
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61. 6 24.6

At the same time the above work was being undertaken, a liter-

ature search revealed that H. V. Pechman (93) had reported the

synthesis of ethyl p-acetoxyacrylates 35 and 36 by the reaction

sequence shown in scheme 4. Synthesis of 35 and 36, followed by

nmr analysis revealed that the trans-isomer predominated (8:1),

assigning trans stereochemistry to the isomer having the larger

coupling between alkene protons (J = 14 Hz, trans, J = 7 Hz, cis).

Reaction of 35 and 36 with cyclopentadiene gave three Die ls-Alder

adducts (79%) in a ratio of 46:48:6. The 48% component did not

exhibit a parent mass peak, but had fragmentation peaks at 164

(parent (224)-CH3COOHt (60)), and at 43 (+. OCOCH3). Nmr analy-

sis of the three adducts indicated that the 48 and 46% components

were 37 and 38 respectively. Structural assignments for the three

products were made by comparing the splitting patterns observed for

their olefinic protons and protons a- to -OAc to those for the Die ls-

Alder adducts discussed above. Compound 37 has a broad singlet
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for -CHOAc at -r 5.24, and at 3.86 for its olefinic protons. The

other major isomer (38) exhibits a triplet for -CHOAc (J z- 3 Hz)

at r 4.72, and multiplets at T 3.92 and 3.68 for its olefinic protons.

The 6% component has a doublet of doublets (J z-- 9 Hz, 3 Hz) at T 4.51

for CHOAc, and multiplets at T 4.07 and 3.61 for the olefinic pro-

tons. Dienophile 40 was also synthesized and allowed to react with

cyclopentadiene as shown in scheme 5.

NaOCH CHCOOEt

Et00

00tCH2C1

Scheme 5
Cl CH

2
COCI

C1CH

52:48
00Et

42

COOEt

+ Cis isomer
C

40

41

Analysis of the reaction product by nmr indicated a 52:48 ratio of

41 to 42, very close to that obtained for 37 and 38.

Of the dienophiles investigated, ethyl p - a cetoxy acrylate

seemed to hold the most synthetic promise. Scheme 6 outlines the

procedure used to prepare exo-keto acetate 47 to 37. Hydrolysis

with aqueous base gave carboxylic acid 43. The alcohol was

protected by treatment with acetic anhydride and then converted to
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Scheme 6

Synthesis of Keto Acetate 45

NaOH----.?
H20

C 202C12
<.______

PH

Ac 0
2

COOH

I/
0

47

44
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diazomethyl ketone 46 via acid chloride 45. Thermal decomposition

of the diazoketone gave intramolecular carbene addition to the double

bond to give a single product whose structure was assigned as exo-

keto acetate 47 on the basis of the following evidence: the mass

spectrum exhibits a parent peak at 192 and substantial peaks at 132

for loss of CH
3
COOH and at 43 (CH

3
C00) (Figure 12). Infrared

absorptions at 3055 for cyclopropyl C-H and 1727 cm-1 for C----0 are

present. The nmr exhibits a singlet at r 5.58 (-CHOAc). Treat-

ment with Eu(fod)
3

gave a nearly resolved spectrum (Figure 13),

which upon proton decoupling and analysis similar to that described

for exo-chloride 14 resulted in the assignments shown in Figures 13

and 14.

0

47

Cyclopropyl protons F, G, and E'are coupled (J = 6 Hz); F is

also coupled (3 Hz) to adjacent bridgehead proton E, as is G
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Figure 12. Mass Spectrum of exo-7-Acetoxytetracyclo[4.3.0.02,4 .0
3,8

]nonan-5-one.
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Figure 14.100 MHz Spectrum of exo-7-Acetoxytetracyclo[4.3.0.0 2,4
.0

3,8 ]nonan-5-one

with Eu(fod) added (sw 1000)(CC14).
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with C (J",6 Hz). D is coupled to C (J,--4 Hz). Geminal protons

A and B are strongly coupled (J = 10 Hz).

For successful completion of the synthetic scheme, two essen-

tial steps had to be accomplished: (1) reduction of the keto group,

and (2) introduction of deuterium label. Deuterium labeling at C-7

would be difficult, involving several steps. Reduction of the keto

group by a method which would incorporate one or two deuterium

atoms at C-5 would be the most desirable. Djerassi and coworkers

(98) had investigated the reduction of tosylhydrazones with NaBD4

and lithium aluminum deuteride. It was found that one atom of

deuterium was incorporated into the molecule, presumably by the

mechanism shown in scheme 7.

Scheme 7

CH3

R

SO -NHI1=-C
2 \R

NaBD
4

-CH3 0 SO2 -N2

--> N 7.NC

D

CH /SO N N=C
D.

H20 \
C

N R
D

Reduction of the tosylhydrazone 48 with NaBH4
in dioxane was first

attempted. No product could be isolated by vpc, with complete

R
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reaction of starting material. Repeating the process several times

afforded the same results, which were similar to those experienced

on treatment of endo -chloride 18 with NaBH4.

AcO

NNHTs

48

A Wolff-Kishner reduction of 47 was also attempted with no success.

The reason for failure of the two reactions is not clear. However,

the intermediate involved in both cases has a carbanionic center at

C-5 and is a cyclopropyl carbinyl carbanion, which presumably may

undergo rearrangement and polymerization (99). In the case of exo-

chloride 14, displacement of chloride and formation of strained but

stable hydrocarbon 26 must be energetically favorable and occur

fairly rapidly.

Another method for direct labeling was reported by D. K.

Fukushima (100) involving reduction of the thioacetals with deuter-

ated Raney-nickel.
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Ra-Ni (ID) \N
R D

This process introduces two atoms of deuterium into the molecule.

Reduction of thioketal acetate 49 with nondeuterated Raney-nickel

afforded two products in equal abundance, 50 and 51 (48%). A vpc

sample of one component shows an absence of cyclopropyl C-H

stretching in the ir. An absorption of 1775 cm-1 for carbonyl

stretching is still present. Reduction with lithium aluminum

hydride, followed by oxidation, afforded a ketone whose ir spec-

trum is identical to brendanone 52 (97).

AcO Ra-Ni LAH

52
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The second product obtained by vpc collection was identified

as isodeltacyclyl acetate 50 by the following evidence: the mass

spectrum (Figure 15) exhibits a parent peak at 178 and fragmentation
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peaks at 118 for loss of acetic acid, and at 43 (CH3CO-r). An

analytical sample gave a proper carbon-hydrogen analysis for

C11111402. The it spectrum exhibits absorptions at 3039 cm -1

for cyclopropyl C-H stretching, and 1727 cm-1 for carbonyl stretch-

ing. A singlet at 5.90 for -CHOAc is present in the nmr spectrum,

similar to that exhibited for exo-keto chloride 14 and keto acetate

47. Treating acetate 50 with Eu(fod)
3

resulted in a fairly well re-

solved spectrum. Proton decoupling resulted in assignment of all

protons, as shown in Figures 16 and 17.

(7.52)
H

( 8. 2)
Ac0 r AcO

H (8.50)

H H (8.75)
(7.52)

H

(7.8-8.3)
50

Cyclopropyl protons K, L, and J are coupled to each other (J = 6 Hz).

K is further coupled to bridgehead D (J = 6. 5 Hz), as is J to F. L

is coupled to G (J < 3 Hz), as is I to C (J = 6 Jz). C is further

coupled to F (J = 6 Hz). Geminal protons I and G are coupled to

one another by 11 Hz. Geminal protons E and H are coupled to
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Figure 16. 100 MHz Spectrum of exo-7-Acetoxytetracyclo[4.3.0.0
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]nonane

(sw 1000)(CC14).



Figure 17 100 MHz Spectrum of exo-7-Acetoxytetracyclo[4.3.0.0
2,4

.0
3,8 ]nonane

(Isodeltacyclyl Acetate) with Eu(fod)3 added (1000 sw)(CC14).



145

each other by 9 Hz.

A Nikon (80) earlier found reduction of the cyclopropyl ring

occurred upon reduction of 19 with palladium on charcoal. Kwasnik

(101) reported that reduction of the 2, 4 bond rather than the 2, 3 bond

occurred, consistent with reduction of 49 to 51.

H2

Pd/c

//
O

The amount of 51 formed was found to depend on the length

of reaction and quantity of Raney-nickel employed. Brendyl acetate

51 could be isolated exclusively if the reaction was run longer than

a few hours at room temperature, supporting the pathway shown in

scheme 8.
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Ra-Ni

Scheme 8

H H

50 51
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Reduction of thioketal acetate 49 with deuterated Raney nickel

gave deuterated isodeltacyclyl acetate 53, isolating the product from

brendyl acetate by vpc collection. The amount of deuterium at C-5

was determined by treating a sample with Eu(fod)
3

and comparing

the integral of the C-5 absorption with that for undeuterated iso-

deltacyclyl acetate (Figures 17 and 18). The protons at C-5 are

clearly separated from the rest of the spectrum, allowing an accur-

ate determination of the deuterium content. The amount of deuterium

at C-5 was found to be 0, 70 ± 0.08. No evidence of deuteration at

positions other than C-5 could be detected.

53 0. 70 f 08D



Figure 18. 100 MHz Spectrum of 5,5-Dideuterio-exo-7-Acetoxytetracyclo-

[4.3.0.0
2,4

.0
3,8 ]lonane (0.7 D) with Eu(fod)

3
added (sw 1000)(CC1

4
).



148

Complete deuteration was-not achieved. Fukushima (100) reported

only 0.96 atom of deuterium per molecule, whereas 2.0 would be

expected. Since the deuterium gas used in preparation of deuterated

Raney nickel contained at least 5% hydrogen, the low yields can be

attributed to an isotope effect favoring hydrogenation rather than

deuteration.

Reduction of acetate 50 with lithium aluminum hydride gave

alcohol 54, and brosylation gave 55. Acetolysis was carried out

immediately after preparation to avoid rearrangement by ionization

and internal return of the brosyloxy group.

AcO BsCl

50 54 55

Vpc analysis indicated that two products, in a ratio of 94:6 were

formed. The minor product could not be collected, but was assigned

to isodeltacyclyl acetate 50 based on vpc retention time. The major

product was identified as exo- 8- deltacyclyl acetate 56 by spectral

comparison. The 6% of isodeltacyclyl acetate formed was found

to arise from acetylation of a small amount of isodeltacyclanol

impurity.
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55

HOAc

AcO

56

Repeating the process with deuterated brosylate 57 afforded

deuterated 58

BsO

(H
D D (H)

57

Treating a sample of the major product with Eu(fod)3

(H)
HOAc

AcO

(H)

D D (H)

58

resulted in a

completely resolved nmr spectrum. Previous assignments by

Freeman and Blazevich (102) in the deltacyclyl system greatly

aided analysis. Figures 19 and 20 show the europium treated

samples. Absorptions representing H5 (2 protons), H8, and H9

were the only ones whose integrals decreased in size. Measure-

ment of the integrals indicated that 0. 55 ± 0.05 deuterium was at

C-5 and 0.31 ± 0. 06 of the deuterium was at C-9. It would be

well at this point to review the possibilities for rearrangement on
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Figure 19, 100 MHz Spectrum of exo-8-Acetoxytetracyclo[4.3.0.0
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Figure 20. 100 MHz Spectrum of Deuterated exo-8-Acetoxytetracyclo --

nonane (Solvolysis Product from Isodeltacyclyl Brosylate) with Eu(fnd)3

(sw 500 )(CC14).
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ionization. Rearrangements might occur involving bonds a, b,

or d. as shown in scheme 9 through ions 60, 61, 62, and 63. The

ions are shown in such a manner to illustrate the symmetry involved

in the processes. Participation of bonds a and b generate asymmetric

ions 60 and 61. Bond c gives dissymetric ion 62 (C symmetry), and

bonds], gives non dissymetric ion 63. Cyclopropylethyl ion 64,

formed from further rearrangement of 60 is also possible. In fact,

leakage of one to another should require little electronic reorganiza-

tion. If leakage between 62 and 64 occurs, double norbornyl ion 65,

postulated as a possible intermediate in the rearrangements of delta-

cyclyl substrates would represent the transition state.

Rearrangement of deuterium to C-5 can occur by participation

of bond a as shown in scheme .10. Participation of bond c only would

allow incorporation of deuterium at C-5 or C-9 in isodeltacyclyl

acetate 70 and 71, depending on whether solvent attack occurred at

C-7 or C-2. Since no isodeltacyclyl acetate was found, termination

at ion 68 can be ruled out. If ion 68 can leak over by path D to ion

69 then 50:50 deuterium scrambling would be observed, the result

already reported by Freeman and Balls (63). This mechanistic

pathway cannot account for the substantial amount of deuterium

incorporated at C-5. Path B, invoking participation by bond b,

would give either unrearranged isodeltacyclyl acetate, or deltacyclyl

acetate with incorporation of deuterium at C-9, contrary to the



62 + 64

Scheme 9

A
a

153

48
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Scheme 10

AcO

III



155

experimental evidence. Path A, involving an initial Wagner-Meerwein

ion 66 which can either undergo solvent attack at C-8, giving delta-

cyclyl acetate with incorporation of deuterium at C-5, or leakage

to ion 69, giving 50:50 scrambling between C-5 and C-9, explains

the results more simply than a combination of route A with path B

or C, the latter two occurring to a minor extent. If A is concurrent

with B, B is the minor pathway; if A is concurrent with C, all of 68

leaks to 69 (isodeltacyclyl acetate is stable to the reaction conditions).

If the reaction proceeds via path A, then substantial rearrangement

from ion 66 to 69 must occur to account for the deuterium scrambling.

5...6 66 24 parts
Ac0

The results are entirely consistent with the sequence of alkyl shifts

discussed in the introduction (scheme 5).



EXPERIMENTAL

See Part I for a description of equipment, services and pro-

cedures used in this experimental work.

Condensation of trans-3-Nitroacrylic Acid with Cyclopenta-

diene. The procedure of Shechter (103) was followed to prepare

156

3-nitroacrylic acid by reaction of nitryl chloride with acrylic acid

and thermal elimination of HC1. Nmr analysis indicated that only

the trans -isomer was formed; (3-nitro acrylic acid), mp 125-128°,

Lit. (103) 136° ; it (neat) 3333-2500 (broad, acid-OH stretching),

1695 (carbonyl stretching), 1639 (C=C stretching), 1550, 966 cm-1;

nmr (60 MHz, benzene): T 2.95 (d, 1H, J = 14 Hz, =CHCOOH), 2. 15

(d, 1H, J = 14 Hz, =CHCOOH), 2. 15 (d, 1H, J = 14 Hz, =CHNO2).

1.40 (broad singlet, 1H, =CHCOOH).

Cyclopentadiene (0.40 g, 0.0060 mol) was added to a solution

of 0. 5 g (0. 0043 mol of 3-nitroacrylic acid, 3 ml of dry benzene,

and 0. 1 g (0. 00079 mol) of pyrogallol (94). The reaction was initially

exothermic. The mixture was then heated at reflux for 4 hr. Dis-

tillation of the solvent and dicyclopentadiene gave a white crystalline

product which recrystallized from n-hexane to give 0. 32 g (0.0017

mol, 40% yield) of product. Nmr analysis indicated 85% of the

product was endo-5-nitro-exo-6-carboxy norbornene. The minor

product (15%) was exo-5-nitro-endo-6-carboxy norbornene, based
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on assigning endo-proton-CHNO2 (m, J < 3 Hz) to the higher chem-

ical shift;(endo-5-nitro-exo-6-carboxy-norborn-2-ene), mp 101-102. 5,

Lit. (94) 95-96° ); it (KBr pellet) 3030 (broad, -OH stretching), 1695

(carbonyl stretching), 1538 (N-0 stretching), 1429, 1374, 1266 cm 1;

nmr (100 MHz, CHC13) T 8. 26 (broad singlet, 2H, methylene protons),

6. 82 (broad singlet, 1H, bridgehead proton), 6. 70 (broad singlet, 1H,

bridgehead proton), 6.40 (broad singlet, 1H, -CHCOOH), 4. 64 (5,

1H, J = 3. 5 Hz, -CHNO2), 3. 92 (m, 1H, olefinic proton), 3. 52 (m,

1H, olefinic proton).

Synthesis of 13-Acetoxyacrylonitrile (96). Isoxazole (14.9 g,

0. 22 mol), prepared by the method of Justoni and Pessina (104)

was added over one hr to a stirred mixture of 5 g (0. 22 mol) of

cut sodium in 150 ml of anhydrous ether. A white precipitate slowly

formed over a period of two hr. The mixture was filtered, and the

precipitate was washed with cold ether. Drying under vacuum in a

dessicator gave 10. 4 g (0.11 mol, 52% yield) of white powdery

product. The sodium salt (9. 0 g, 0.099 mol) was then added to

50 ml of dry ether in an ice-cooled 3-necked flask equipped with a

stirrer. Acetyl chloride (9.0 g, 0. 12 mol) was slowly added over

30 min. The reaction mixture was allowed to stir for 12 hr at 15° .

The resulting amber solution was filtered, and the filtrate neutral-

ized with 10% NaHCO3, followed by washing with saturated salt

water. Drying (MgSO4), evaporation of solvent, and simple
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distillation (bp 52-53° 1.9-2. 0 mm) gave 7. 2 g (0. 065 mol, 66%

yield). The ratio of cis to trans was 2. 19:1. 00 based on the coupling

constants for the vinyl protons, assigning the cis isomer to the

product with J = 6 Hz, and trans to the one with J = 12 Hz; it (neat)

3115 (olefinic C-H stretching), 2237 (CL-N stretching), 1764 (carbonyl

stretching), 1626 (C=C stretching), 1361 cm-1; nmr (100 MHz, CC1
4)

(trans-isomer) T 7. 75 (s, 3H, CH3COO -), 4. 71 (d, 1H, J = 12 Hz

=CHCN), 2. 03 (d, 1H, J = 12 Hz, =CHOAc); (cis-isomer), T 7. 54

(s, 3H, CE
3
C00-), 5. 04 (d, 1H, J = 6 Hz, =CHCN), 2. 23 (d, 1H,

J = 6 Hz, -CHOAc).

Condensation of D-Acetoxyacrylonitrile with Cyclopentadiene:

Preparation of exo-5-Acetoxy-:endo-6-Cyanobicyclo [2. 2. 1}hept-2-

ene 33. 13-Acetoxyacrylonitrile (mixture of isomers described above)

(2. 7 g, 0. 017 mol), 10 ml of dry benzene, and 0. 25 g (0. 0020 mol)

of pyrogallol were combined, mechanically stirred, and heated to

65° . Freshly cracked cyclopentadiene (8 g, 1 4 ml) was added.

Additional 8 g portions of cyclopentadiene were added in 6 hr inter-

vals over 48 hr. Distillation (102-105° /1.5 mm) gave 1.4 g

(0. 0063 mol, 37 % yield) of clear colorless product. Vpc analysis

indicated the formation of three products in the ratio 13. 8:24. 6:61. 6

in order of increasing retention time (Col 1, 160° , 100 ml/-min 11,

13, and 15 min). The products were determined to be exo-acetoxy-

endo-cyano, endo-acetoxy-exo-cyano, and di -endo-acetoxy, cyano,
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Die ls-Alder adducts, it (isomeric mixture) (neat) 3086 (olefinic

C-H stretching), 223 7 stretching), 1 739 (C=0), 1370 cm-1;

nmr (100 MHz, CC1 4) (endo-acetoxy-exo-cyano 34), -r 8.61 (d, 1H,

J = 10 Hz, methylene proton), 8. 40 (d, 1H, J = 10 Hz, methylene

proton), 7.96 (s, 4H, -CHCN, - OCOCH3), 6. 78 (broad singlet, 2H,

bridgehead protons), 4. 71 (t, 11-1, J = 3 Hz, -CHOAc), 3.62 (m,

1H, olefinic proton), 3. 56 (m, 1H, olefinic proton); (endo-acetoxy-

endo-cyano 32), 8. 22 (d, IH, J = 10 Hz, methylene proton), 8.10

(d, 1H, J = 10 Hz, methylene proton), 7.84 (s, 3H, -CH3), 7. 30 (d,

1H, J = 6 Hz, -CHCN), 7. 03 (s, 1H, bridgehead proton), 6. 76 (s,

1H, bridgehead proton), 5. 28 (d, 1H, J = 6 Hz, -CHOAc), 3.80 (m,

2H, olefinic protons); (exo-acetoxy endo-cyano 33), 8.32 (d, 1H,

J = 10 Hz, methylene proton), 8. 26 (d, 1H, J = 10 Hz, methylene

proton), 8.02 (s, 3H, -COG H3), 7.44 (t, 1H, J = 3 Hz, -CHCN),

7.00 (broad singlet, 1H, bridgehead proton), 6. 82 (broad singlet,

1H, bridgehead proton), 5. 36 (broad singlet, 1H, CHOAc), 3.64

(m, 2H, olefinic protons).

Anal. Calcd for C10 H 1102N (isomeric mixture): C, 67. 78;

H, 6. 26. Found: C, 6 7. 76; H, 6. 30.

Preparation of Propiolic Acid from Acetylene Dicarboxylic

Acid Mono-Potassium Salt (84). Acetylene dicarboxylic acid mono-

potassium salt (200 g, 1.32 mol) was added to a two-liter three-

neck flask containing 1 liter of water. The heterogeneous mixture
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was heated to 78-80° . A steady evolution of gas began, which slowed

considerably after 1 hr. The reaction vessel was cooled at this

point, since the product, propiolic acid, will also decompose at a

slower rate under the same conditions. Extraction with ether,

drying (MgSO4), and distillation (75° /35 mm, Lit (84) 102° /200 mm),

gave 55 g (0. 78 mol, 59% yield) of product, whose it spectrum was

found to be identical to an authentic sample of propiolic acid.

Preparation and Separation of cis- and trans-13-Chloroacryly1

Chlorides 10 and 15. Propiolic acid (55 g, 0.78 mol) was added to

an ice-cooled solution of 180 ml of concentrated hydrochloric acid.

The stirred mixture was allowed to warm to rt. After 8 hr the

solution was placed in a refrigerator for 12 hr. Crystals formed

and were isolated by filtration. The filtrate was extracted twice

with ether. The ether extracts were combined with the crystals,

and solvent was removed by rotary evaporation. Water was azeo-

tropically separated using a Dean-Stark trap. Thionyl chloride (95

g, 0.80 mol) was added, and the mixture allowed to reflux for 12 hr.

Distillation of solvent, followed by fractional distillation on a teflon

spinning-band column gave two fractions, trans-p-chloroacryloyl

chloride 10 (21.9 g, 0.185 mol, 22% yield) (bp 45° /70 mm), and

cis-13-chloroacryoly1 chloride 15 (12.3 g, 0.10 mol, 13% yield)

(bp 63° /70 mm). The assignments were based on their coupling

constants (J = 13 Hz for the vinyl protons in the trans -isomer, and
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J = 7. 8 Hz for the cis-isomer) in the nmr spectrum. Overall yield

was 35%.

Preparation of exo-5-Chloro-endo-6-Chlorocarbonyl bicyclo-

12. 2. llhept -2 -ene 11. Freshly cracked cyclopentadiene was distilled

from a spinning-band column into an ice-cooled flask containing 25.0

g (0. 20 mol) of trans-p-chloroacryly1 chloride 10, while stirring with

a magnetic stirring bar. Addition was continued until 13. 2 g (0. 20

mol) had been added. Care must be taken not to allow the vessel to

warm up during addition, as the reaction is very exothermic. Short

path distillation of the product (bp 45-50° /0. 2 mm) gave 19.1 g

(0. 10 mol, 50% yield) of clear colorless product. The nmr spectrum

has absorptions at T6. 05 and 5.42, (t, J = 2. 2 Hz, 3. 5 Hz, respec-

tively), which are assigned to endo-CHC1 and exo-CHC1, in a ratio

of 90:10; it (neat) 3086 (olefinic C-H stretching), 1786 (carbonyl

stretching), 1333, 1015, 741, 691 cm -1 ; nmr (60 MHz, CC1 4) T 8. 26

(doublet of triplets, J = 10 Hz, 3 Hz, methylene proton), 7.95 (d,

1H, 10 Hz, methylene proton), 6.95 (broad singlet, 1H), 6. 53 (m,

2H, bridgehead protons), 6. 05 (t, 1H, J = 2. 2 Hz, -CHCI), 3. 83

(m, olefinic protons).

Reaction of exo-5-Chloro-endo-6-Chlorocarbonylbicyclo-

[2. 2. 11hept-2-ene 11 with Diazomethane. An ethereal solution of

diazomethane was prepared from 30 g (0. 29 mol) of N-methyl-N -

nitroso urea (105), 90 ml of 50% aqueous KOH, and 300 ml of dry
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ether. The diazomethane formed was co-distilled with ether and

dried over KOH (-10° ) for 1 hr. The drying process was repeated

twice by nitrogen transfer of the liquid to fresh KOH. After drying,

the diazomethane solution was transferred to a flask immersed in

a dry ice-acetone bath. Extreme care was taken to exclude water

from the system. Acid chloride 11 (8. 0 g, 0.042 mol) was slowly

dropped in, while stirring the solution. Some gas evolved during

the addition. The resulting solution was stirred for 45 min at -78°

and finally 0. 5 hr at 0° . Rotary evaporation of the solvent at room

temperature gave 6.9 g (0. 035 mol, 83% yield) of bright yellow

liquid whose ir spectrum showed no C=0 acid chloride stretch and

contained a new carbonyl absorption at 1631 cm-1 (COCHN2). The

product was used immediately after preparation; ir (neat) 3086

(olefinic C-H stretching), 2105 (=N=N stretching, 1631 (carbonyl

stretching, 1366, 745 cm-1.

Preparation of exo-7-Chloroisodeltacyclan-5-one 14. To a

rapidly stirred solution of n-hexane (100 ml) and anhydrous CuSO4

(15 g) was added 3.0 g (0.0155 mol) of exo-5-chloro-endo-6-

diazoacetylbicyclo[2. 2. l]hept-2-ene 12. A slow evolution of gas

was monitored by an inverted cylinder filled with water. An addi-

tional 15 g of CuSO4 was added after 30 min and after 1 hr of reac-

tion time. After 2 hr the evolution of gas ceased. The bright yellow

solution was decanted, and the remaining solid extracted with ether.
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Washing the combined organic phases with saturated salt water, dry-

ing (MgSO4), and distilling off solvent using a rotary evaporator gave

2.1 g (0. 014 mol, 88% yield) of yellow product. Vpc analysis (Col 1,

180° , 75 ml/min, 17 min), indicated only one product, assigned to

exo-keto chloride 14 by ir, mass spectral, and nmr analysis. Vpc

collection gave a white waxy solid, mp 30-33° ; ir (neat), 3055

(cyclopropyl C-H stretching), 1724 (carbonyl stretching), 1282, 907

813, 741, 702 cm-1; nmr (100 MHz, CC1 4) T 7.8-8.3 (m, 3H, cyclo-

propyl protons), 7.3-7. 7 (m, 3H, bridgehead proton at C-6 and

methylene protons at C-9), 7.1-7.3 (broad singlet, 2H, bridgehead

protons at C-1 and C-8), 6. 26 (s, 1H, -CHC1).

Anal. Calcd for C
9

H
9
OC1: C, 64. 10; H, 5.38.

Found: C, 63.91; H, 5.36.

Solvolysis of exo-7-Chloroisodeltacyclan-5-one IA. with Silver

Acetate in Acetic Acid. To a solution of exo - chloroketone 14 (1.8 g,

0. 01 7 mol) in acetic acid was added to a mixture of silver acetate

(3 g, 0. 0179 mol) and sodium acetate (1. 5 g, 0.0182 mol) in 150 ml

of glacial acetic acid. The stirred mixture was heated to 114° for

21 hr. The inorganic salts were removed by filtration, followed by

rotary evaporation of acetic acid. The resulting oil was diluted with

ether, filtered, and the ethereal solution washed successively with

5% Na2CO3, water, and saturated salt solution. Drying with anhyd-

rous magnesium sulfate, followed by rotary evaporation of solvent
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gave 0. 59 g of oil. Vpc analysis indicated the formation of two

compounds in the ratio of 4. 5:1 (Col 1, 190° , 150 ml/min,4 min,

5. 8 min). The minor product was collected and found to be identical

to exo -5- keto -8- deltacyclyl acetate 7 (Part I), by spectral compar-

ison. Spectra of the major product demonstrate that it is different

from starting chloroketone, but still contains chlorine. A doublet

of doublets (T 5. 77, 1H, J = 6. 5 Hz, 2. 5 Hz) is present in the nmr

spectrum, characteristic of exo-8-substituted deltacyclyl compounds;

it (neat) 3055 (cyclopropyl C-H stretching), 1751 ( carbonyl stretch-

ing), 1241, 837, 666 cm-1 (C-Cl stretching); nmr (100 MHz, CC14)

8. 72 (t, 1H, J = 5 Hz), 7. 8-8. 5 (m, 4H), 7. 5 (doublet of doublets,

1H, J = 14 Hz, 6. 5 Hz, methylene proton), 7. 1-7. 4 (m, 2H), 5. 78

(doublet of doublets, 1H, J = 6. 5 Hz,2. 5 H

Anal. Calcd for C
9

H
9
C10: C, 64.10; H, 5.38.

Found: C, 63.91; H, 5. 36.

Reaction of exo-8-Hydroxydeltacyclan-5-one with Thionyl

Chloride. Thionyl chloride (1.98 g, 0. 020 mol) was slowly added to

0. 44 g (0. 0029 mol) of alcohol 25 (Part 1) in a 25 ml 3-necked flask

equipped with a condenser, drying tube, and magnetic stirrer. The

reaction was allowed to stir at ambient temperature for 3 hr. Some

coloration occurred. The solution was diluted with 5 ml of water

and extracted with ether. Drying (MgSO4), and rotary evaporation

of solvent gave 0. 25 g (0. 0016 mol, 55% yield) of oil. Vpc collection
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(Col 1, 4 min, 150 ml/min) of the resulting product and spectral

comparison (nmr, ir) showed that the product obtained was identical

to the major product obtained on solvolysis of isodeltacyclyl keto

chloride 14.

Preparation of endo-5-Chloro-endo-6-Chlorocarbonyl bicyclo-

[2. 2. 1 ]hept-2-ene 16. endo-5-Chloro-endo-6-chlorocarbonylbicyclo-

[2. 2. 1]hept-2-ene 16 was prepared as described for exo-5-chloro

isomer 11. Addition of 14. 0 g (0. 21 mol) of cyclopentadiene to 20. 0

g (0.16 mol) of cis-p-chloroacrylyl chloride 15 gave 22.5 g (0.12

mol, 75% yield) of product after distillation (90° /0.6 mm). Examina-

tion of the nmr spectrum indicated that the di-endo adduct was the

exclusive product; ir (neat) 3086 (olefinic C-H stretching), 1788

(carbonyl stretching), 1038, 783 cm-1, nmr (60 MHz, CC14) T 8. 63

(d, 1H, J = 10 Hz, methylene proton), 8.34 (doublet of triplets, J =

10 Hz, 3 Hz, methylene proton), 6.78 (broad singlet, 2H, bridgehead

protons), 6. 25 (doublet of doublets, 1H, J = 9 Hz, -CHCOC1), 4.35

(doublet of doublets, 1H, J = 9 Hz, 3. 5 Hz, -CHC1), 3. 85 (m, 1H,

olefinic proton), 3. 65 (m, 1H, olefinic proton).

Preparation of endo-7-Chloroisodeltacyclan-5-one 18. endo-

Diazoketone 17 was prepared as above for exo-diazo ketone 13.

Addition of 10. 00 g (0. 052 mol) of acid chloride 16 to diazomethane

(prepared from 38 g of n-nitroso-n-methyl urea) gave a nearly

quantitative yield of yellow solid diazo ketone. No acid chloride
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could be detected by ir, indicating complete conversion; ir (neat)

3145 (olefinic C-H stretching), 2101 (=N=N stretching), 1647

(carbonyl stretching), 1366, 1095 cm-1.

endo-5-Chloro ketone 18 was prepared as described above for

exo-chloro ketone 14. endo-Chloro diazo ketone 17 was slowly added

to a refluxing mixture of 200 ml n-hexane and 15 g of anhydrous

CuSO4. Evolution of gas ceased after 30 min. Work-up afforded

4.80 g (0. 027 mol. 52% yield) of yellow semisolid product. Vpc

analysis (Col 1, 180°, 75 ml/min, 39 min) indicated only one product

was formed, which was assigned to endo-chloro ketone 18 by nmr, ir,

and mass spectral analysis. Vpc collection gave a white crystalline

solid, mp 130-134° ; mass spectrum, parent peaks atm/e 168 and 170;

ir (neat) 3055 (cyclopropyl C-H stretching), 1761 (carbonyl stretch-

ing), 1279, 928, 903, 879 cm-1; nmr (100 MHz, CHC1 3) T 8. 23 (d,

1H, J = 10 Hz, methylene proton), 7. 6-8. 0 (m, 4H, methylene,

cyclopropyl protons), 7-7. 4 (m, 3H, bridgehead protons), 5. 83

(doublet of doublets, 1H, J = 9 Hz, 2 Hz, -CHC1).

Anal. Calcd for C
9

H
9

OC1; C, 64. 10; H, 5.38.

Found: C, 63.84; H, 5.33.

Attempted Wolff-Kishner Reduction of endo-7-Chloroisodelta-

cyclan-5-one 18. A Wolf-Kishner reduction of endo-keto chloride

18 was attempted using the Haung-Minlon modification (106). endo-

Keto chloride 18 (0.40 g, 0.0020 mol) was added to a mixture of 95%
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hydrazine hydrate, 0.5 g KOH (0. 038 mol), 5 ml of triethylene

glycol, and 1 g (0. 015 mol) of hydrazine hydrochloride. The mix-

ture was stirred and heated to 190° for 2 hr, distilling off low boiling

material while the temperature increased. After cooling, the reac-

tion was diluted with water and extracted several times with ether.

The combined extracts were washed with saturated salt water and

dried over anhydrous magnesium sulfate. Removal of solvent by

fractional distillation gave less than 0.1 g of dark oil. No isolable

product (vpc Col 1) could be obtained.

Preparation ofJ3- Acetoxyethylacrylate. The procedure of

Pechmann was followed with minor modifications (97). To a three-

liter three-necked flask, equipped with a mechanical stirrer, N2

inlet, reflux condenser, and dropping funnel was added 1.5 1 of dry

ether and 115 g (5.00 mol) of cut sodium. The temperature was

maintained at 0-10° with a cooling coil immersed in a water bath

and connected to an external refrigeration unit. A mixture of 440 g

(5. 0 mol) of ethyl acetate and 370 g (5. 00 mol) of ethyl formate was

slowly dropped in over a period of 4-5 hr (a copious amount of

hydrogen gas is given off in the reaction, and sufficient N2 flow

should be maintained to flush the system as a safety precaution.

A pale yellow precipitate was formed in the reaction. The reaction

was allowed to stir for 36 hr. The product was collected by vacuum

filtration and washed several times with ether until the ether washings
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were clear. Vacuum drying gave 301 g (2. 18 mol, 44% yield) of

white powdery product. Utilizing the same set-up described above,

the product (300 g, 2.17 mol) was added to 1.5 I of dry ether, cooled

to 0-10° , and 160 g (2.18 mol) of acetyl chloride was slowly dropped

in over a period of one hr. The reaction was stirred overnight,

maintaining the temperature at 0-10° . A white precipitate remained

(NaC1) which was removed by vacuum filtration. The solid was washed

with ether and combined with the filtrate. The solution was neutral-

ized with saturated NaHCO
3

(Na
2
CO3 cannot be used, as the product

will decompose), washed with saturated salt solution, and dried over

anhydrous MgSO4. Rotary evaporation and distillation (55-65° /2. 2-

2. 3 mm, Lit (97) 126° /46 mm) gave 54 g (0.34 mol, 16% yield) of

yellow liquid. The ratio of trans - to cis-product was found to be

8:1 by integration of the absorptions of the protons a to -OAc or

-COOEt. The isomer with the smaller splitting (7 Hz) was assigned

as cis; it (isomeric mixture of 35 and 36) (neat) 3115 (olefinic C-H

stretching), 1776 (carbonyl stretching in p-acetoxy group), 1712

(carbonyl stretching in carbethoxy group), 1656 (C=C stretching),

1366, 951 cm-1; nmr (100 MHz, CC1 4) 7 (trans-isomer) 8.77 (t, 3H,

J = 7 Hz, -OCH2CH3), 7.85 (s, 3H, -OCOCH3), 5.89 (q, 2H, J =7 Hz,

- OCECH 3), 4.43 (d, 1H, J = 10 Hz, -CHCOOEt), 1.86 (d, 1H,

J = 10 Hz, -CHOAc); (cis-isomer) 8.77 (t, 3H, J = 7 Hz, -OCH2CH3),

7. 79 (s, 3H, -COCH3), 5.89 (q, 2H, J = 7 Hz, -OCH2CH3), 4. 85
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(d, IH, J = 7 Hz, =CHCOOEt), 2. 58 (d, 1H, J = 7 Hz, =CHOAc).

Condensation of Ethyl 0-Acetoxyacrylate with Cyclopentadiene:

Preparation of exo-5-Acetoxy-endo-6-carboethoxybicyclo[2. 2. 1]-

hept-2-ene 37. To 80 ml of dry benzene and 8.0 g (0. 063 mol) of

pyrogallol in a three liter three-necked flask, equipped with a nitro-

gen inlet, stirrer, and condenser, was added 120 g (0.76 mol) of

ethyl (3-acetoxyacrylate(L):1 trans to cis isomeric mixture obtained

above). The mixture was heated to 60-65° and 100 ml of freshly

cracked cyclopentadiene was added. Addition of cyclopentadiene was

repeated three times a day for 6 days. The solution was then dis-

tilled at atmospheric pressure until all excess dicyclopentadiene

was removed. Final distillation (bp 78-82° /0. I mm) gave 135 g

(0.60 mol, 79% yield) of clear colorless product. The product was

found to be composed of three Die ls-Alder adducts in the ratio of

46:48:6, in order of increasing retention times by vpc analysis (Col

1). No other products were detected. An attempt to separate the

isomers by spinning band distillation was unsuccessful. Vpc collec-

tion and nmr analysis indicated the products to be endo-5-acetoxy-

exo-6-carbethoxy, exo-5-acetoxy endo-6-carbethoxy, and endo-5-

acetoxy-endo-6-carbethoxynorbornene (order of increasing retention

times). No further attempt was made to separate the isomers prior

to distillation of isodeltacyclyl keto acetate 47 (reagents and yields

to that point will be based on the combined isomers). The spectral
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properties for the three isomers are as follows: (exo-acetoxy,

endo-carbethoxy) mass spectrum, m/e (rel intensity) 179 (0. 23),

164 (0. 21 159 (12.15), 137 (5. 55), 117 (28. 34), 79 (15. 65), 66 (100),

43 (45. 24); it (neat), 3086 ( =G-H stretching), 1 724 ( carbonyl stretch-

ing), 1236, 1100 cm-1; nmr (100 MHz, CC14) T 8. 74 (t, 3H, J =

7 Hz, -OCH
2
CH

3
), 8. 38 (d, 1H, J = 10 Hz, methylene proton), 8. 24

(d, 1H, J = 10 Hz, methylene proton), 7.98 ( s, 3H, -000CH3), 7. 34

(t, 1H, 3 Hz, -CHCOOEt), 7. 06 (broad singlet, 1H, bridgehead

proton), 6.90 (broad singlet, 1H, bridgehead proton), 5.91 (q, J =

7 Hz, -OCH
2
CH

3
), 5. 24 (s, 1H, endo- -CHOAc), 3. 86 (broad singlet,

2H, olefinic protons); (endo-acetoxy, endo-carbethoxy) nmr (100 MHz,

CC14) T 8. 81 (t, 3H, J = 7 Hz, -OCH 2C H
3
)' 8.80 (d, 1H, J = 10 Hz,

methylene proton), 8. 63 (d, 1H, J = 10 Hz, methylene proton), 8. 13

(s, 3H, - OCOCH3), 7. 8-8.1 (m, 3H, bridgehead protons, exo-

CHCOOEt), 6. 02 (q, 2H, J = 7 Hz, -OCH2CH3), 4. 51 (doublet of

doublets, 1H, J = 9 Hz, 4 Hz, exo-CHOAc), 4.07 (m, 11-1, olefinic

proton), 3. 61 (m, 1H, olefinic proton); (endo-acetoxy, exo-carbo-

ethoxy) nmr (100 MHz, CC14) T 8.60 (t, 3H, J = 7 Hz, -OCH2CH3),

8.1-8. 7 (m, 3H, methylene protons at C-7, endo-CHCOOEt), 8.04

(s, 3H, -OCOCH
3

), 7. 06 (broad singlet, 1H, bridgehead), 7. 86

(broad singlet, 1H bridgehead proton), 6.88 (q, 2H, J = 7 Hz,

-OCH
2
CH

3
), 4. 72 (t, 1H, J = 3Hz, exo-CHOAc), 3.92 (m, 1H,

olefinic proton), 3. 68 (m, 1H, olefinic proton).
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Anal. Calcd for C 12
H1604 (isomeric mixture of 37, 38 and 39):

C, 64. 28; H, 7.19. Found: C, 64. 10; H, 7. 27.

Hydrolysis of exo- 5- Acetoxy- endo -6 -C arbethoxy[2. 2. l]hept-

2-ene 37. To 80 g (1. 43 mol) of potassium hydroxide in 670 ml of

water was added 200 g (0. 89 mol) of the isomeric mixture of Diels-

Alder adducts 37, 38 and 39 obtained above. The heterogeneous

mixture was mechanically stirred for 15 hr. A black solution re-

sulted which was extracted three times with ether to remove any

starting material. The aqueous layer was acidified with dilute H2SO4,

and continuously extracted for three days with a conventional liquid

extraction still. The resulting solution was dried (MgSO4), and the

solvent was distilled off using a rotary evaporator. Removal of

acetic acid was accomplished by vacuum distillation and further

drying in a vacuum dessicator. A dark solid was obtained (135 g,

0. 88 mol, 9 9 % yield) which was easily decolorized by boiling in

ethanol with decolorizing carbon. The product was used for subse-

quent reaction without further purification; it (isomeric mixture)

(KBr pellet) 3425 (OH stretching), 2985 (broad, acid OH stretching),

1695 (C=0), 1031 cm-1, nmr (Diels-Alder adduct 37) (100 MHz,

D
6
-DMSO) T 8. 48 (d, 1H, J = 10 Hz, methylene proton), 8. 36 (d,

1H, J = 10 Hz, methylene proton), 8.46 (t, 1H, J = 3 Hz, -CHCOOH),

7.10 (broad singlet, 1H, bridgehead proton), 7. 00 (broad singlet,

IH, bridgehead proton), 6. 74 (s, 1H, -CHOH), 6.10 (s, 1H, -CHOH),
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3.88 (broad singlet, 2H, olefinic protons).

Acetylation of endo-6-Carboxy-exo-5-Hydroxy-bicyclo[2.2.1]-

hept-2-ene 43 with Acetic Anhydride. To a solution of 91.4 g (0.59

mol) of the isomeric mixture of hydroxy acids obtained above in 300

ml of pyridine was slowly added 127 g (1.25 mol) of acetic anhydride.

A light initial exotherm was noted. The solution was stirred for

12 hr. After neutralization with dilute hydrochloric acid, the solu-

tion was extracted with ether. Washing the extracts with dilute acid

and saturated salt solution, drying (MgSO4), and evaporation of

solvent using a rotary evaporator, followed by removal of acetic

acid by vacuum distillation, gave 73.1 g (0. 37 mol, 63% yield) of

product. Distillation on a high vacuum line gave a clear colorless

glass (99-105' /1-5 x 10-5 mm); it (isomeric mixture) (neat) 3080

(broad, acid OH stretching), 1733 (C=0 from acetoxy carbonyl), 1629

(C=0 from carboxylic acid carbonyl), 1239, 1034 cm1; nmr (acetoxy

acid 44) (100 MHz, CC1 4) T 8.33 (d, 1H, J = 10 Hz, methylene proton),

8.21 (d, 1H, J = 10 Hz, methylene proton), 7.93 (s, 3H, - OCOCH3),

7.19 (t, 1H, J = 2 Hz, exo-CHCOOH), 7.01 (broad singlet, 1H,

bridgehead proton), 6.87 (broad singlet, 1H, bridgehead proton),

5.21 (s, 1H, endo- -CHOAc), 3.87 (broad singlet, 2H, olefinic

protons).
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Anal. Calcd for C
10

H
12

04'
C, 61. 22; H, 6.17.

Found: C, 61.08; H, 6.26.

Preparation of exo-5-Acetoxy-endo-6-Chlorocarbonylbicyclo-

[2.2. l]hept-2- ene 45. To a solution of 52.5 g (0. 027 mol) of the

acetoxy acids obtained above, in 150 ml of dry benzene in a 3-necked

flask equipped with a reflux condenser, drying tube, and magnetic

stirrer was added 69 g (0. 54 mol) of oxalyl chloride. A mild exo-

thermic reaction resulted with considerable evolution of HC1. The

mixture was allowed to stir overnight at room temperature. Atmos-

pheric distillation of the benzene followed by vacuum distillation of

the acid chloride (bp 73-73° /0.25 mm) gave 38.5 g (0. 18 mol. 67%

yield) of clear colorless product. The product could be stored for a

considerable length of time in a refrigerator without significant de-

composition; it (isomeric mixture) (neat), 3086 (olefinic C-H

stretching), 1792 (CO= stretching for acid chloride carbonyl), 1730

(C=0 stretching for acetoxy carbonyl), 1230, 1029 cm-l; nmr

(acid chloride 45) (100 MHz, CC14) T 8.33 (d, 1H, J = 10 Hz, methyl-

ene proton), 8.18 (d, 11-1, J = 10 Hz, methylene proton), 8.00 (s, 3H,

OOCCH3), 7.51 (t, 1H, J = 3 Hz, -CHCOC1), 7.00 (broad singlet,

1H, bridgehead), 6.99 (broad singlet, 1H, bridgehead), 5.31 (1H,

-CHOAc), 3.83 (broad singlet, 2H, olefinic protons).

The Reaction of exo-5-Acetoxy-endo-6-Chlorocarbonylbicyclo-

[2.2.1)hept-2-ene 45 with Diazomethane. An ethereal solution of
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diazomethane was prepared from 45 g (0. 44 mol) of N-methyl-

N-nitrosourea, 100 ml of 50% aqueous KOH and 300 ml of ether

(105). Diazomethane was codistilled with ether and dried over KOH

at -10° for one hr. This drying process was repeated twice,

transferring the ethereal solution under N2. The diazomethane

was then transferred to a 500 ml erlenmeyer flask equipped

with a small addition funnel and drying tube. Extreme care

was taken to exclude water from the system. The isomeric

mixture of exo- and endo-acid chlorides obtained above (12.0 g,

0.059 mol) was slowly added with stirring. Some evolution of

gas occurred during the addition. The resulting solution was

allowed to stand at -80° for 45 min, and finally 1 hr at 0° .

Rotary evaporation of the solvent at room temperature gave

a bright yellow liquid whose ir spectrum indicated that no acid

chloride remained. A new carbonyl absorption appeared at

1724 cm -1
, and an intense diazo peak at 2105 cm -1 was also

present. The product was used immediately after preparation; ir

(neat), 3086 (olefinic C-H stretching), 2105 (=N=N stretching), 1783

(carbonyl stretching from acetoxy carbonyl), 1721 (carbonyl stretch-

ing from diazo keto group), 1370, 1242, 1087 cm 1; nmr (100 MHz,

CC14) T 8.38 (d, 1H, J =. 10 Hz, methylene proton), 8. 22 (d 1H,

J = 10 Hz, methylene proton), 7.96 (s, 3H, OCOCH3), 7.40 (t,

1H, J = 3 Hz, -CHOCHN2), 7. 06 (broad singlet, 1H, bridgehead
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proton), 6.88 (broad singlet, 1H, bridgehead proton), 5. 26 (s, 1H,

-CHOAc), 4.37 (s, 1H, -COCHN2), 3.88 (m, 2H, olefinic protons).

Preparation of exo-7-Acetoxyisodeltacyclan-5-one 47. The

diazoketone obtained above was added dropwise to a rapidly stirred

suspension of 12 g of anhydrous CuSO4 in refluxing n-hexane. A

nearly quantitative volume of hydrogen was given off over a period

of 45 min, at which time no more gas evolution could be detected.

The solution was filtered, and the solid residue extracted with

ether. The combined ethereal-hexane solution was transferred to

a separatory funnel and washed with saturated sodium bicarbonate

(10%) and salt water. Drying over anhydrous magnesium sulfate

and rotary evaporation gave a dark oil. Distillation on a high

vacuum line (100° /1-5 x 10-5 mm) gave 3.6 g (0.019 mol, 63%

yield, based on acid chloride 45 and correcting for the amount of

endo-5-acetoxy-exo-6-carbonyl chloride present). The product

was determined to be isodeltacyclyl keto acetate 47 by physical

and spectral data; mass spectrum, m/e (rel intensity) 192 (1), 150

(23), 132 (39), 77 (21), 43 (100); it (neat), 3055 (cyclopropyl C-H

stretching), 1727 (carbonyl stretching), 1232, 1035, 724 cm-1; nmr

(100 MHz, CC14) T 8.04 (s, 3H, OCOCLI3), 7. 7-8.3 (m, 5H, methyl-

ene protons, cyclopropyl protons), 7.42 (m, 1H, bridgehead proton),

7. 22 (broad singlet, 2H, bridgehead protons), 5.58 (s, 1H, -CHOAc).

Anal. Calcd for C101-11204; C, 61. 22; H, 6. 17.
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Found: C, 61.08; H, 6. 26.

Attempted Wolf-Kishner Reduction of exo-7-Acetoxyisodelta-

cyclan-5-one 47. exo-Keto acetate 47 (0. 5 g, 0.0026 mol) was add.d

to 7 ml of ethylene glycol containing 0.1 g (0. 0018 mol) KOH and 0.7

g (0. 013 mol) hydrazine hydrate (95%). The mixture was heated to

140-150° for 0. 5 hr. Approximately 70 ml of gas was given off.

The mixture was diluted with water, and extracted four times with

ether. Washing the extracts with saturated salt solution, drying

(MgSO4), and rotary evaporation gave 0. 2 g of oil. No vpc isolable

product was detected, indicating the oil was polymeric in nature.

Preparation of exo-7-Acetoxyisodeltacyclan-5-one Tosyl-

hydrazone 48. exo-Keto acetate 47 (134 mg, 0.70 mmol) was added

to 105 mg (0.70 mmol) of tosylhydrazine in 10 ml of 9 5% ethanol

containing 1% H2SO4. The mixture was stirred at 95-105° for 40

min, cooled, and placed in a refrigerator for 3 days. Ethanol was

then removed under vacuum, giving 73 mg (0. 22 mmol, 32% yield)

of brown solid. The infrared spectrum (KBr) has an absorption at

1653 cm 1, characteristic in tosylhydrazones.

Attempted Reduction of exo-7-Acetoxyisodeltacyclan-5-one

Tosylhydrazone 48. An attempt to reduce tosylhydrazone 48 by the

method of Caglioti and Grasselli (85) was made. Tosylhydrazone

(50 mg, 0.15 mmol) was added to 3 ml of dioxane. Sodium boro-

hydride (65 mg, 1. 7 mmol) was slowly added to the solution. The
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mixture was heated to 104° and magnetically stirred for 4. 5 hr. Solid

sodium borohydride remained. The mixture was diluted with water

and transferred to a separatory funnel. Extraction with ether, fol-

lowed by washing the extracts with saturated salt solution, drying

(MgSO4), and rotary evaporation gave no isolable product by vpc

Col 1).

Preparation of exo-7-Acetoxyisodeltacyclan-5-one Dithiol Ketal

49. Hydrogen chloride was rapidly bubbled into a magnetically stirred

solution of 5.8 g (0. 030 mol) of keto acetate 47 and 75 ml of ethane

dithiol. The solution turned cloudy. Addition was continued for 2

min, followed by stirring for another two minutes. The reaction

was quenched by pouring into 200 ml of 10% NaOH solution. The

mixture was extracted with chloroform. The combined extracts

were washed several times with 10% NaOH to remove excess ethane

dithiol, once with 10% NaHCO
3

and once with saturated salt water.

Drying MgSO4), rotary evaporation, and final vacuum pumping in

a dessicator gave 5.9 g of solid crystalline thioketal acetate. Vpc

analysis (Col 3, 190° , 60 ml/min, 16 min) indicated that 10% of

the product had suffered electrophilic addition of HC1 to the cyclo-

propane ring, resulting in a decreased yield of 5.3 g (0. 20 mol, 66%

yield) of desired product; mp 84-86. 5° (vpc collected); mass spec-

trum, parent peaks at m/e 268 and 270 it (CC14), 3055 (cyclopropyl

C-H stretching), 1222, 1044 cm-1; nmr (100 MHz, CC1 4) T 8.42

(t, 1H, J = 6 Hz, cyclopropyl proton), 8.06 (s, 3H, OCOCH3).
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7. 7-8. 2 (m, 5H, cyclopropyl protons, methylene protons at C-9,

bridgehead proton), 7.44 (broad singlet, 1H, bridgehead proton),

7. 26 (broad singlet, 1H, bridgehead proton), 6. 76 (m, 4H,

-SCH
2

CH
2
S-), 5.40 (s, 1H, -CHOAc).

Anal. Calcd for C131-11602S2: C, 58.18; H, 6. 01.

Found: C, 57.99; H, 6.14.

Preparation of exo- 7- isodeltacyclyl Acetate 50 by Reduction

of exo-7-Acetoxyisodeltacyclan-5-one Dithiol Ketal 49 with Raney

Nickel. Thioketal acetate 49 (1.55 g, 0. 0058 mol) was added to a

magnetically stirred mixture of Raney nickel (107) and 30 nil of dry

ethanol. The mixture was stirred 1 hr at room temperature. Fil-

tration and partial removal of solvent by fractional distillation gave

244 mg (0. 0014 mol, 24% yield by internal standard) (Col 1, 155° ,

50 ml/min, 24 min). An additional 255 mg (0. 0014 mol, 24% yield)

(Col 1, 155° , 50 ml/min, 16 min) was obtained of a second product

in the reaction. Subsequent reduction of the latter with lithium

aluminum hydride, and oxidation (Jones reagent) gave a product

whose ir was identical to that of an authentic sample of brendanone

(101). Isodeltacyclyl acetate 50 has the following spectral proper-

ties: mass spectrum, m/e (rel intensity), 178 (2), 150 (3), 149 (2),

136 (10), 135 (9), 117 (50), 118 (50), 91 (39), 77 (34), 70 (35), 43

(100); ir (CC14) 3039 (cyclopropyl C-H stretching), 1727 (carbonyl

stretching), 1360, 1240, 1028 cm-1; nmr (100 MHz, CC14) T 8.75
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(t, 1H, T = 6 Hz, cyclopropyl proton), 8.50 (m, 1H, cyclopropyl

proton), 8.10 ( s, 3H, - OCOCH3), 7. 8-8. 3 (m, 6H, methylene pro-

tons at C-5, C-9, cyclopropyl proton, bridgehead proton at C-1),

7. 52 (broad singlet, 2H, bridgehead protons at C-6, C -8), 5.90 ( s,

1H, -CHOAc).

Anal. Calcd for C111-11402: C, 74. 12; H, 7.91.

Found: C, 74. 02; H, 8. 05.

Reduction of exo-Isodeltacyclyl Acetate 50 with Lithium

Aluminum Hydride. To a magnetically stirred solution of exo-

isodeltacyclyl acetate 50 (189 mg, 1.06 mmol) and 100 ml of an-

hydrous ether, lithium aluminum hydride (0. 10 g, 2.6 mmol) was

added. The reaction mixture was allowed to stir at room tempera-

ture for 12 hr. Saturated ammonium chloride was added, followed

by extraction with ether. The ether extracts were washed with sat-

urated salt water and dried over anhydrous magnesium sulfate.

Fractional distillation of solvent gave 123 mg (0. 90 mmol, 85%

yield by internal standard) of waxy product; mp 104-106° (vpc col-

lected ); it (neat) 3340 (broad OH stretching), 1290, 1062 cm-1; nmr

(100 MHz, CC1 4) T 8.88 (t, 1H, J = 6 Hz, cyclopropyl proton), 8. 4-

8. 6 (m, 1H, cyclopropyl proton), 7. 9-8. 4 (m, 7H, methylene pro-

tons at C-5, C-9, cyclopropyl proton, bridgehead proton at C-1,

and -CHOH), 7. 76 (broad singlet, 1H, bridgehead proton), 7.52

(broad singlet, 1H, bridgehead proton), 6. 72 (s, 1H, - CHOH).
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Anal. Calcd for C
9
H120: C, 79.37; H, 8.88.

Found: C-, 79. 17; H, 9.01

Preparation of exo-Isodeltacyclyl Brosylate 55. E-Bromo-

benzenesulfonyl chloride (45 mg, 0.18 mmol), was added portion-

wise to a magnetically stirred solution of 0.5 ml dry pyridine and

22 mg (0. 16 mmol) of isodeltacyclyl alcohol 54, maintaining the

temperature at -20° with an ice-salt bath. After stirring for 1 hr,

the solution was allowed to stand in a refrigerator for 3 days.

Pyridine was then removed by vacuum, cooling the flask in an ice

bath, and the crude brosylate was extracted with several 2 ml por-

tions of pentane. The extracts were quickly transferred to a 25 ml

flask. Evaporation of pentane under vacuum gave 14 mg (0.04 mmol,

60% yield) of isodeltacyclyl brosylate 55 (correcting for the amount

of unreacted alcohol remaining) which was used immediately without

further purification. Nmr analysis indicated that 30% of the product

had rearranged to deltacyclyl brosylate prior to solvolysis, evi-

denced by the appearance of small absorptions assignable to delta-

cyclyl brosylate, the most characteristic at T 5.24 (doublet of

doublets, J = 6 Hz, 2 Hz) for -CHOBs. Complete rearrangement

could be achieved by allowing the brosylate to remain in pyridine

for two weeks; it (isomeric mixture (CC14) 3039 (cyclopropyl C-H

stretching), 1575 (aromatic C =C stretching); nmr (Brosylate 55)

(100 MHz, CC14) T 8. 3-8. 9 (m, 2H), 7. 6-8. 3 (m, 5H), 7. 2-7.6
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(broad, 3H, bridgehead protons), 5.96 (s, 1H, -CHOBs).

Solvolysis of exo- Isodeltacyclyl Brosylate 55: Product Study.

To 30 mg (0.085 mmol) of exo-isodeltacyclyl brosylate 55 was added

4.0 ml of 0.4 m NaOAc -HOAc solution and the resulting solution

allowed to react at 40° for 48 hr. The contents of the flask were

then neutralized by pouring into 50 ml of saturated sodium bicarbon-

ate solution and extracted with 4 x 50 ml portions of ether. The

organic phase was washed with salt water and dried over anhydrous

MgSO4. Two products, in the ratio of 94: 6 were detected by vpc

(Col 1, 155° , 66 ml/min, 17 min, 15 min). The minor product

was too small to isolate, but its retention time corresponded to

isodeltacyclyl acetate. Vpc collection of the major product gave 8

mg, (0. 045 mmol, 53% yield)of product. Comparison of its it and

nmr with an authentic sample of exo-8-deltacyclyl acetate demon-

strated the two to be identical.

To check the stability of isodeltacyclyl acetate 50 to the solvo-

lytic conditions, 16 mg (0. 089 mmol) of acetate was added to 3.3

ml of 0.04 m Na0Ac-HOAc and allowed to stand for 48 hr at 40° .

Working the reaction up as above afforded 5 mg (0. 028 mmol, 31%

yield) of recovered isodeltacyclyl acetate 50 upon vpc collection.

No rearranged deltacyclyl acetate 56 could be detected by vpc

analysis ( < 1 %). Isodeltacycl alcohol 54 was found to acetylate

forming 50 under the same reaction conditions. No deltacyclyl
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acetate was formed. 54 was present in the solvolysis due to incom-

plete reaction of the alcohol with R-bromobenzenesulfonyl chloride

in the previous step and may account for the isodeltacyclyl acetate

formed on solvolysis of 55.

Preparation of Deuterated Raney Nickel. Deuterated Raney

nickel was prepared by the method of Fukishima, Leiberman, and

Pratz (100). To a two liter three-necked flask equipped with a

Hersberg stirrer was added 130 ml of ethanol-Raney nickely catalyst

sludge (107). One liter of methylcyclohexane was added, and the

contents stirred at 70°. Ethanol and water were azeotropically

distilled at 200 mm pressure. Distillation was discontinued and 15

ml of D20 (99. 9% pure) was added. The mixture was rapidly

stirred for 30 minutes, at which time equilibrated water and deu-

terium oxide were azeotropically distilled as above. This process

was repeated an additional six times with 15 ml portions of deuterium

oxide. Anhydrous methylcyclohexane was added occasionally to main-

tain the original volume. Deuterium gas (95%) was finally added for

2 hr, maintaining the rate of addition commensurate with the absorp-

tion of gas. The Raney nickel was transferred and stored under

methylcyclohexane.

Reduction of exo-7-Acetoxyisodeltacyclan-5-one Dithiol Ketal

49 with Deuterated Raney Nickel. Thioketal acetate 49 (2. 0 g,

0.0074 mol) was added to 5 ml of deuterated Raney nickel sludge
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in 50 ml of anhydrous ether. The heterogeneous mixture was stirred

at room temperature for 12 hr. The reaction mixture was filtered,

concentrated by fractional distillation of solvent, and distilled in a

short path still. The Raney Nickel reduction was repeated on the

material left in the pot. A combined yield of 431 mg (2. 42 mmol,

33% yield) of deuterated isodeltacyclyl acetate 53 was obtained (de-

termined by vpc on col 1, 155° , 40 ml/min,24 min, using an internal

standard). Nmr.analysis utilizing Eu(fod)3, and comparison of its

spectrum with an undeuterated sample under similar conditions

indicated that the amount of deuterium at C-5 was 0.70 ± 0. 08 D;

it (CC14) 3039 (cyclopropyl C-H stretching), 2105 (C-D stretching),

1775 ( carbonyl stretching), 1360, 1340, 1028 cm-1; nmr (100 MHz,

CC1 4) T 8. 75 (t, 1H, J = 6 Hz, cyclopropyl proton), 8. 50 (m, 1H,

cyclopropyl proton), 8. 10 ( s, 3H, -000CH3), 7. 8-8. 3 (m, < 6H,

methylene protons at C-5 (1. 30H, 0. 70 D), C-9, cyclopropyl proton,

bridgehead proton at C-1), 7. 52 (broad singlet, 2H, bridgehead

protons at C-6, C-8), 5.90 (s, 1H, -CHOAc).

Reduction of 5,5-Di-Deuterio Isodeltacyclyl Acetate 53 with

Lithium Aluminum Hydride. The procedure for reduction of deuter-

ated isodeltacyclyl acetate was identical to that for parent isodelta-

cyclyl acetate 50. 5,5- Di-deuterio isodeltacyclyl acetate 53 (206 mg,

1.15 mmol, 0. 70D), upon reaction with 0. 1 g (2. 6 mmol) of lithium

aluminum hydride in 100 ml of anhydrous ether gave 126 mg (0.93
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mmol, 80% yield of alcohol; ir (CC14) 3340 (broad, -OH stretching),

3039 (cyclopropyl C-H stretching), 2105 (C-D stretching), 1062 cm-1;

nmr (100 MHz, CC14) T 8.88 (t, 1H, J = 6 Hz, cyclopropyl proton),

8. 4-8. 6 (m, 1H, cyclopropyl proton), 7. 9-8. 4 (m, < 7H, methylene

protons at C-5 (1.30H, 0. 70D), C-9, bridgehead proton at C-1, and

-CHOH), 7. 76 (broad singlet, 1H, bridgehead proton), 7. 52 (broad

singlet, 1H, bridgehead proton), 6.72 (s, 1H, -CHOH).

Preparation of 5, .5 Di-deuterio Isodeltacyclyl Brosylate 57.

Preparation of 5, 5 di-deuterio isodeltacyclyl brosylate 57 was accom-

plished as above for parent isodeltacyclyl brosylate 55. E- Bromo-

benzenesulfonyl chloride (80 mg, 0. 313 mmol) was added to 30 mg

0. 22 mmol) of 5, 5-di-deuterioisodeltacycly1 alcohol (0. 70D), prepared

above, in 0. 7 ml of pyridine. Workup afforded 51.5 mg (0. 151 mmol,

68% yield) of brosylate. Nmr analysis indicated that 24% of the

product had rearranged to deltacyclyl brosylate. Solvolysis of the

brosylate was carried out immediately; ir (neat) 3039 (cyclopropyl

C-H stretching), 2105 (C-D stretching), 1575 (aromatic C=C stretch-

ing), 1183 cm-1; nmr (100 MHz, CC14) T 8.3-8.9 (m, 2H), 7.6-8.3

(m, < 6H), 7. 2-7. 6 (broad, 2H, bridgehead protons), 5.96 ( s, 1H,

-CHOBs).

Solvolysis of 5, 5- Di- deuterioisodeltacyclyl Brosylate 57:

Product Study. Solvolysis of 5, 5-di-deuterio isodeltacyclyl brosylate

57 followed the same procedure as for isodeltacyclyl brosylate 55.
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Brosylate (43 mg, 0. 12 mmol, 0. 70D) was added to 3. 2 ml of 0.4 M

NaOAC -HOAC solution, and allowed to solvolyze at 40° for 48 hr.

After workup, two products were detected by vpc in the ratio of 3. 3:

97. 7 (Col 1 155° , 66 ml/min 17 min, 15 min). The minor product

was not isolated, but had the same retention time as isodeltacyclyl

acetate. Nmr analysis utilizing Eu(fod)
3

indicated that deuterium

was scrambled between C-9 and C-5 exclusively, in the ratio of

1:1.79 respectively, correcting for the amount of brosylate which

had undergone rearrangement prior to solvolysis. The sum of the

deuterium content at the two positions was 0. 86 ± 0. 05 D, within one

standard deviation of the amount calculated for isodeltacyclyl

brosylate 57.
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