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Abstract: The electron-transfer-catalyzed rearrangement of the housanes 5 affords regioselectively only
the two cyclopentenes 6 (CHs migration) and 7 (R migration) by 1,2-migration of the two groups at the
methano bridge to the methyl terminus. The 1,2-shift of the CH3; group prevails, and the rearrangement
ratio is essentially insensitive to the migratory aptitude of the R substituent. This stereochemical memory
effect derives from the conformational impositions on the stereoelectronic requirements during the 1,2-
migration in the 1,3-radical-cation intermediates. Similar regioselectivities and diastereoselectivities are
observed for the TFA-catalyzed and silver(l)-ion-promoted rearrangements, whereas the rearrangement
catalyzed by HCIO, affords a complete reversal in the product selectivity and both the regioselectivity and
the diastereoselectivity are much reduced. Migration to the phenyl terminus is favored to afford the 6’ and
7' cyclopentenes, of which the former (CH3 migration) dominates. For the minor regioisomer, only the
cyclopentene 6 is formed by an exclusive 1,2-shift of the CHs group. This dichotomy in product selectivities
is rationalized in terms of two distinct mechanisms for the various activation modes: a common one for
the electron-transfer-induced, TFA-catalyzed, and silver(l)-ion-promoted rearrangements and a different
one for HCIO,.

Introduction Scheme 1. Regioselective Rearrangement of the Housane
. . . ) Radical Cations
The chemistry of 1,3-cyclopentanediyl radical cations (hous- endop.C CH

ane radical cations) has been extensively studied during the past HsG Ph

decade, and the regiochemical features are quite well under- ET ET
CH % Ph -

stood! For example, the housane affords on treatment with \ ... s "

catalytic amounts of trisarylaminium hexachloroantimonate Me

exclusively the cyclopentene with methyl migration to the Ph
methyl-substituted terminus, whereas the regioisomer with < f

e

methyl migration to the phenyl-bearing site is not observed

(Scheme 1}. This remarkably high regioselectivity has been

rationalized in terms of preferred localization of the positive HsC  Me

charge at the methyl-carrying migration terminus in this

Wagner-Meerwein-type rearrangemets. sible. This problem may be solved by introducing a distinct
In contrast, less thoroughly investigated has been the dia- migrant R at the methano bridge, for example a benzyl group,

stereoselectivity of such radical-cation rearrangements. For thesince now the R substituent serves as a stereochemical label to

particular housane in Scheme 1, with exclusive methyl migration assess the diastereoselectivity in terms of the product distribu-

to the methyl-substituted terminus, the two possible cyclo- tion.

pentenes that result from a G¥P or CHz*"® 1,2-shift are In previous worlé a planar radical-cation intermediate was

identical and information on the diastereoselectivity is inacces- proposed to account for the minor amounts of exo-substituent
*To whom correspondence should be addressed. Fa£9(0)931/ migration. However, from the fact that for ngﬁdVIeerweln.

8884756. Internet: http:/www.organik.chemie.uni-wuerzburg.de/ak_adam/. rearrangements the stereoelectronic requisite of coplanarity of

lUniversit:a Wirzburg. the migrant relative to the migration terminus should be
(1) %ﬂ;ﬁrs\'}va_ EHSesiggr%feMer 0. Am. Chem. So0998 120 11856-11863 fulfilled, 34 the necessity arises to consider two interconverting
(2) Adam, W.; Librera, C. PJ. Org. Chem2002 67, 576-581. nonplanar radical-cation conformers as rearrangement precursors
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Scheme 2. Stereoelectronic Requirement for the ] expected. In the case where the R group is benzyl, in view of
\gg?onnesr ~Meerwein-Type Rearrangement of Housane Radical its much greater propensity to migré&tthe endo rearrangement
HsC. _R should dominate. In other words, the question arises whether
the known migratory aptitudes for cation rearrangenfeats
also reflected in housane-type radical cations, or does the
Ph . .
5:& . stereochemmal memory eff(_étubserved in the rez_arrangement
of the radical cations derived from simple bicyclo[2.1.0]-
ETl pentaneg,operate as well in the more elaborate cases of Scheme
- 2? Such interplay of conformational and electronic effects in
HiC R—| the rearrangement of housane-type radical cations have so far
. not been scrutinized but should provide valuable mechanistic
" Ph
Me
l posed for the genuine Wagnevleerwein rearrangement of the
P ¢ carbocations generated by protonation (acid catalysis) and
e

information on the chemical behavior of these transient species.
Ph
cHl - ed argentation (silver(l)-ion catalysis) of housane-type substtgtes.
Ny - f Herein, we report on the rearrangement of the radical cations
ax e

Ty

In fact, this fundamental mechanistic query has also not been
h
R (generated by electron transfer with triarylaminium hexa-
chloroantimonate) and carbocations (formed by protonation with
~R ll llN CHs trifluoroacetic and perchloric acid) and argentation (silver(l)

tetrafluoroborate) of tailor-made housanes, which were prepared
by way of the Huig isopyrazole route under high-pressure

Me, Ph H,C Ph
= CH; SR conditions? This elaborate comparative study provides a
é}}— %P- mechanistic assessment of the interplay of conformational,
R Me electronic, and steric effects on the product selectivity in the
exo

rearrangement of radical cations and the corresponding car-
bocation intermediates as required by stereoelectronic control.

endo

(Scheme 2). Hence, for the initial conformer with the pseudo- Results

axial CHs group, migration of this group should be preferred,  gynthesis of the Azoalkanes 4 and Their Photolyses to the
whereas in the interconverted conformer the R group occupiespgsanes 5The required triyclo[3.3.0%]octanes (housanes
the pseudoaxial position and should be prone to migrate. Since5) were prepared according to previously reported synthetic
for carbocation rearrangements it is known that a benzyl group strategies (Scheme 3¥:8-1° For maximum yields of the

possesses a much higher migratory aptitude (more than 1600yeminally substituteg-diketones, the larger substituent (R) was
times) than a methyl groupthe replacement of the methyl for  jhcorporated firsé Condensation of the geminally dialkylated

a benzyl substituent at the migration origin would introduce a B-diketone<2 with hydrazine hydrate afforded the corresponding
significant electronic bias in favor of the benzyl shift and thereby isopyrazoless, which in turn were subjected to high-pressure
possibly preclude any conformational effects on the two (12 kbar) cycloaddition at 120C with cyclopentene as
interconverting radical cations. Thus, while it is certainly of dienophile, to afford the azoalkands The pressure-induced
mechanistic interest to determine the migratory aptitude, for gnqo-Diels-Alder reaction of the cyclopentene proceeds
example for the benzyl versus the methyl group, in such radical- stereoselectively with the isopyrazol@ls—e syn to the bridge-
cation rearrangements, to separate the electronic and confor{,ggq methyl group to afford the cycloadduéts-e as the only
mational factors, the same migrant should be used at theproqycts. The traditional synthetic route for the preparation of

migration origin. Fortunately, in the present case of Sch((ejme L, the azoalkaned, namely cycloaddition with cyclopentadiene
this may be readily achieved by replacing the££Pand CH®"® at ambient pressure and temperature and subsequent catalytic

groups at the methano bridge of the housane by @Dups,  hydrogenation, failed at the cycloaddition stage for these

since then diastereochemically distinct rearrangement prOdUCtSstericaIIy encumbered isopyrazoles. As for the stereochemical

would result. o structure of the azoalkane$ the endo configuration was
We anticipate two limiting cases for the rearrangement of assjgned to the annelated cyclopentane ring, confirmed by means

the radical cations derived from the deuterium-labeled housanesyf NOE effects and by comparison of chemical shifts of knbwn

in Scheme 2: Should the 1,2-shift of the €Hactually CO®) related cyclopentenes (for details, see the Supporting Informa-

migrant take place faster than the conformational change, thetion).

exo product will be formed preferentially, which would signify The corresponding housangsvere obtained quantitatively

stereochemical memofyalternatively, should the conforma-  py photodenitrogenation of the azoalkadesvhich exhibit an

tional change be faster, then th&?group (actually C9) will absorption maximum at ca. 360 nm. Thus, the photolyses were

be placed into the favorable pseudoaxial alignment and also carried out by irradiation at the 364 nm line of the argon-ion
migrate such that a significant amount of endo product is |aser indg-toluene at 20°C.

(3) Paquette, L. A.; Leichter, L. MJ. Am. Chem. Sod98Q 102 4397— (7) Adam, W.; Heidenfelder, TChem. Soc. Re 1999 28, 359-365.
4403. (8) Paquette, L. A.; Leichter, L. Ml. Am. Chem. S0d 972 94, 3653-3655.

(4) Adam, W.; Heidenfelder, T.; Sahin, Gynthesid995 1163-1170. (9) Beck, K.; Hinig, S.; Klaner, F.-G.; Kraft, P.; Artschwager-Perl, Ghem.

(5) Richardt, C.; Wistuba, ETetrahedron Lett1981, 22, 3389-3392. Ber. 1987, 120, 2041-2051.

(6) Berson, J. AAngew. Chem., Int. Ed. Endl968 7, 779-791. (10) Beck, K.; Hunig, S.Chem. Ber1987 120, 477—483.
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Scheme 3. Synthesis of the Azoalkanes 4 and Their Photodenitrogenation to the Housanes 52
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e PhCH, Ph
f CH3 Me

aIn the housaneSa and5f, both methylene-bridge substituents ares@toups, to distinguish them from the bridgehead Me groups.

Electron-Transfer-Induced, Acid-Catalyzed, and Silver-
(I)-lon-Promoted Rearrangement of the Housanes 5The
desired 1,3-radical cations were generated by chemical electron
transfer with TBATSbCk™ (tris(4-bromophenyl)aminium

Table 1. Product Distribution for the Electron-Transfer-Induced
(TBA*"SbCls™) and Acid-Catalyzed (TFA or HCIO,)
Rearrangement of the Housanes 5a—e

HC_ _R

hexachloroantimonate) as one-electron oxidant in GRGloom HeC Ph
temperature (ca. 20C). To suppress possible acid-catalyzed Ph _TBA"SbCls
rearrangemenri? the electron-transfer reactions were carried out Me or 70% HCIO, # P-
in the presence of a slight excess (1.25 equiv) of the sterically 5 oéEFC'?;
hindered base 2,6-deért-butylpyridine as buffer. As previously 20°C,24h
established the electron transfer is not affected by the pyridine Ph
base. Complete conversion of the housabhegcurred within Mg PP P

. : —7=CHs + CHs
1 day (Table 1, TBA"SbCk™), to afford regioselectively only p R
the two cyclopenteneS and 7 (exclusive 1,2-shift of the CH R Me
or R groups to the methyl-bearing terminus). Thus, methyl 7 7
migration results in cyclopenter&and R migration in cyclo- product distribn (%)
pentener, whereas the appearance of the regioisomeric cyclo- TBASOCH- A HCI0s
pentenes' (migration of the methyl group) and (migration
of the R group) by rearrangement to the phenyl-bearing carbon e hous- cs R et R cts R
atom was not observed. The stereochemical course of the methy”__" R e rreeE e T
shift in the dimethyl housan®a was determined by the use of % gé‘ gESbCH g; ig ?g ;g 2‘1‘ 38 28
the deuterated derivatiia-ds. The migration of thendo and 3 5c HC=CCH, 87 13 93 Y 35 48 17
exaCDj3 groups leads either téa-ds or 7a-ds, which may be 4 5d H,;C=CHCH, 79 21 66 34 33 46 21
readily distinguished in théH NMR spectrum of the product 5 b5e PhCh 7 23 65 35 28 47 25

mixture (Scheme 4). The data in Table 1 show that for all the
derivativesba—e, the electron-transfer-induced rearrangement
proceeds predominantly by methyl migration with retention of
configuration; that is, methyl migration affords only the exo
diastereome6 and R migration only the endo diastereonier

For the acid-catalyzed rearrangement, trifluoroacetic acid
(TFA) or 70% HCIQ was used as the proton source. For TFA,
similar to the electron-transfer case, only the two cyclopentenestion dominates, but the differences in the product selectivities
6 (methyl migration) and (R migration) were observed. Again, are more pronounced (Table 1, TFA). For example, the
as in the electron-transfer-induced rearrangement, methyl migra-dimethyl-substituted housarta yields the two isomer§ and

apDetermined directly on the crude product mixture By NMR
spectroscopy (400 MHz, CDg}l The error is ca. 3% of the stated value;
conversion and mass balances wer€0%.P For the stereochemical
assignment of the rearrangement product, the; Gdup was employed
for both substituents at the methylene bridge, to distinguish them from the
bridgehead Me group.

J. AM. CHEM. SOC. = VOL. 125, NO. 4, 2003 997
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Scheme 4. Electron-Transfer Rearrangement of Housane 5a-ds Scheme 6. Silver(l)-lon-Promoted Rearrangement of Housanes
endo DsC CD5° 5a and 5f

endo DgC CD3exo

Ph TBA™SbClg

R
Me CDCl AgBF4
20°C,24 h Me CDCly
5a-ds > 90% convn 5 20 °C, 24 h
> 90% convn
a:R'=Ph
DsC  ph Me ph

A}—CDg H;-C% f: R'=Me
* D:C R Me R
Me DsC = CD3 =CDj
6a-dg 7a-dg *

D3C
87 : 13 Me 3
6 7
Scheme 5. HCIO4-Catalyzed Rearrangement of Housane 5f
endo exo 86 : 14
DsC CD3

81 : 19

Me _ HCIO, AgBF,, for which also migration of theendeCDs; group
Me CDCl3 dominates (Scheme 6).

5f >?3?)";>Céc:n3n The structural assignment of the rearrangement products is
based ontH NMR spectra, on NOE effects with HH and CH
DsC _Me Me_Me correlations, and on spectral comparison with known cyclopen-
—»=CD; CDs tene derivatives of this typeThe details are given in the
B Supporting Information.
Me DsC Discussion
6f 7f

Before entering into the mechanistic rationalization of the
69 : 31 product data in Table 1 and Schemes64 it is instructive to

7in 8812 ato (Table 1, entry 1, TEA), while forthe benzyl 0 20 o8 o0 e o romoted rear-
derivative5e the ratio is 65:35 (Table 1, entry 5, TFA). ' '

rangement of the housaleto the regioisomeric and diastere-
In contrast to the above results for the electron-transfer- 9 9

. i omeric cyclopenteneé/6' and 7/7'.11 What stands out, and
induced and TFA catalyzed rearranggm.elnts, the use of HClO which could hardly have been anticipated, is the fact TBA
(a heterogeneous reaction) led to a significantly lower regiose-

lectivity in the product distribution (Table 1, HCKD For all  PCb » TFA and AGBF,~ all give within the experimental

derivativessa—e (Table 1, HCIQ), the regioisomeric cyclo- error the same product ratios, as exemplified for the model

entenes’ is the major product (methyl migration to the phenyl substratésa (Table 1, Schemes-46). Thus, only the diaster-
pents yor p : ( ylmig PReYL e omerss and 7 are produced, with predominant migration of
terminus), along with appreciable amountsdimethyl migra-

. ; o h D lusivel he Me- i inal. |
tion to the methyl terminus) and (R migration to the phenyl theendoCD; group exclusively to the Me-bearing terminal. In

. . . ntrast, HCIQ (Table 1 ner. from r h
terminus). The cyclopenten@ (R migration to the methyl co .t f%t ClQ (Table 1) ge eates om subst aﬁ.a bOt. .

. regioisomers, but now migration to the Ph-carrying site is
terminus) was not observed.

Replacement of the bridaehead Ph aroun by a Me aro favored to afford thet' and 7' diastereomers, of which the
pié ¢ bridg _group Dy 970UP ¢ rmer EendoCDs; migration) dominates; for the minor regio-
results in the symmetric housai for which no regiochemical o, o, only thes diastereomer is produced by an exclusive 1,2-
dlffergntlatlon Is possible such that only HG/@as employed shift of the endeCD; substituent. This dichotomy in the
as a.C'd catalyst (Scheme 5).' on HGl@atmer_]t obf, a mlxtyre . rearrangement results of the various activation modes implies
of diastereomers was obtained by a 1,2-shift of both migrating

groups, of which transposition of tendoCDs group to afford different mechanisms: namely, a common one for the electron-
’ 3 - H
6f is favored over that of thexaCDs; group to produce the transfer, TFA-catalyzed, and Agnduced processes and a

diastereomeff distinct one for the HCI@catalyzed case. We propose the
: i + + +
For the deuterium-labeled derivativeés and 5f, also the related bridged structures™, 5(H)", and5(Ag)" versus the

silver(l)-ion-promoted rearrangement was investigated (Scheme HC R |.+ HsC. R Ph

6). Treatment of the housaBa with catalytic amounts of silver ° CHs
tetrafluoroborate (AgB in CDCl; led regioselectively only Ph Ph

to the two diastereomeric cyclopenter@s(endaCDs group ’ MeH R
migration) and7a (exaCD3 group migration); thé'a and 7'a Me Me .
regioisomers (migration to the Ph terminus) were not observed. g+ 5(H)" corner-6(H)
Similarly, for the symmetrical derivativef (no regioisomers HCIO,

possible) both diastereomef$ and 7f were obtained with TBA™SbCl TFA

998 J. AM. CHEM. SOC. = VOL. 125, NO. 4, 2003
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Scheme 7. Regioselectivity in the Diastereoselective Electron-Transfer Rearrangement
H3C R

ot
Ph PhCHg”‘ HsC R—l PhCHf" P
q o 2 eq eq
ﬂ/CH3 - [ A S— 7 Ph _/{Z.» R > CH3
Me
Me ke Me Me Me L
7.+ 6_+ 5-+ 6v+ 7
]
| '~R
~R - CH3 ~ CH3+ Y
BET BET BET! ; BET
Y Ph
Me Ph HoC Ph St
N CH3 N R R o CH3
Ph e
R Me G'Me 7
7 6

opencorner6'(H)* species as dominant key intermediates. The cyclopentene$ and7 by migration of the CHor the R group.
puckeredb(H)™ and5(Ag)* species result froredgewiseentry The cyclopentene6 is formed predominantly (Table 1,
of the electrophile and are structurally similar to the bridged TBA*"SbCk™), because in th&* conformer the stereoelectronic
1,3-radical cation5** obtained from one-electron oxidation, requirement of coplanarity of the migrating pseudoaxials;CH
whereas the open structureorner6(H)* arises from the group is optimally fulfilled®# For the R group to migrate, the
cornerwiseprotonation by the perchloric acid. 6" conformer must invert to th&* conformer and acquire
Another mechanistically important feature about the product the essential pseudoaxial alignment, but steric interactions
data in Table 1 is the fact that the ratio of rearrangement between the R group and the annelated cyclopentyl ring
products is relatively insensitive to the migratory aptitude of disfavor this conformer. From the experimental fact that for all
the R substituent in the housanesin fact, for all cases, the R substituents the ratio of rearrangement prod@¢tsHs) and
endeCHjs group migrates in pronounced preference even relative 7 (R) is nearly constant (Table 1, TBASbCk~) and does not
to a benzyl group (Table 1, entry 5), which usually dominates reflect the expected migratory aptitude sequence €HC,Hs
by more than a factor of 1600 in Wagrevleerwein-type < allyl, benzyl!* it may be concluded that the population of
rearrangements. the two radical-cation conformerét and 7°* determines
The rearrangement of the 1,3-radical cations is of the whether the CH or the R group migrates in preference.
Wagner-Meerwein type'? and the following electronic and  Evidently, CH migration in the conformef** is faster than
stereoelectronic conditions must be fulfilled: The electronically the conformational change to the radical catién. This
preferred site of positive-charge localization determines the stereochemical memory effé¢t accounts for the observed
regioselectivity!-2 whereas the migrating group requires con- migrant selectivity in the electron-transfer-induced rearrange-
formationally a coplanar alignment with the 2p orbital at the ment of the housanes
migration terminus:* The mechanism in Scheme 2 needs to  The TFA-catalyzed rearrangement leads to a regioselectivity
be expended to account for the observed migrant selectivitiessimilar to that in the case of electron transfer (Table 1).
of the radical cation$* as proposed in Scheme 7. Initially, Edgewise attack affords the center-protonated houSg@H}"
the puckered radical catio®t is generated on electron (Scheme 8), which may open up to the two pairs of carbocations
transfer#'® which transforms to the regioisomeric opened edge6(H)*/edge7(H)* andedge6'(H)*/edge7'(H)*. It may
conformerss*™ and6'**. As in the5a case! for all derivatives, be presumed that the two catioedge6(H)* andedge6'(H)*
the positive charge is mainly localized at the Me terminus and interconvert rapidly, the edge6'(H)™ regioisomer of which
the 1,2-shift occurs exclusively to the methyl-substituted should be preferred for the usual reasons of phenyl stabilization;
bridgehead site to afford regioselectively the diastereomeric however, the product data (Table 1) show unequivocally that

(1D) It should b U : | JP——— | migration to the Me terminus through tedge6(H)™ andedge
t should be noted that the isomeric cyclopentesi@sand 6'/7' are only + - -
diastereomeric pairs when R is gDor all other R derivatives they are 7(H)" cations occurs exclusively.

different substances. However, for ease of comparisong/fhend6/7 We suspect that kinetic control operates in that the activa-
pairs are considered as diastereomers. . . n AT

(12) (a) Shaik, S. S.; Dinnocenzo, J..P.Org. Chem199Q 55, 3434-3436. tion barrier from 5(H)" to edge6'(H)™ is greater than to
(b) Schmittel, M.; Burghart, AAngew. Chem1997 109, 2659-2699; + i i i
Angew Chern. Int. EQLOS7 36, 25502580, edge6(H)™*. The steric repulsions of the phenyl group with the

(13) Adam, W.; Sahin, C.; Sendelbach, J.; Walter, H.; Chen, G.-F.; Williams,
F.J. Am. Chem. S0d.994 116, 2576-2584. (14) Richardt, C.; Wistuba, ETetrahedron Lett1981, 22, 4069-4072.

J. AM. CHEM. SOC. = VOL. 125, NO. 4, 2003 999



ARTICLES Adam et al.

Scheme 8. Regioselectivity of the TFA-Catalyzed Diastereoselective Rearrangement

5
edge-
wise TFA
HiC R
Ph
Me
edge-T(H)* edge-6(H)* 5(H)*
f\R‘ ~ Cl"ji 1~ CHs ~R J'
|

H+ H+ * » H H+ ‘,—’*

7 6 6 r
Scheme 9. Regioselectivity of the HCIO-Catalyzed Diastereoselective Rearrangement
5
||H+u ||H+t|
corner- \
wise ax
CH
H CHY" pn] H
Ph H e +\ CHs"
Cng < Req — M
- \ e ax
Ph R

Me R Me Me

+ + Y+ corner-7'(H)*

corner-1(H) corner-6(H) corner-6'(H)
~ ~R
I~R ~CHs CHs .
N H* H
v H H*
6' 7

7 6

annelated cyclopentane ring and the disubstituted methylenecoordination of the Ag ion with the phenyl ring to explain the
bridge (migration origin) should be sufficiently severe to twist high regioselectivity of migration to the methyl termirtus,
the benzene ring out of conjugatiéhand the twisted phenyl  edgewisargentation initiates the rearrangement process through
substituent in theedge6'(H) */edge?'(H)* cation pair should the5a(Ag)" intermediate. Indeed, the very similar selectivities
sterically obstruct transposition of the migrant to the phenyl- for the silver(l)-ion-induced reaction of the substrates
bearing terminus. (Scheme 6) anda (Table 1) suggest that coordination with
With regard to the diastereoselectivity (Table 1), the TFA- the bridgehead phenyl substituent is not necessary. In marked
catalyzed rearrangement reflects only nominally the well-known contrast, the rearrangement catalyzed by HCHIfords a
migratory-aptitude sequence methylethyl < allyl, benzyl in complete reversal in the product distribution compared to the
carbocation rearrangemenfsSimilar to the electron-transfer — above-described rearrangements (Table 1). A different mech-
case, migration of theendeCHz; group is favored; again, anism must operate, and we propose that dicerherwise
stereochemical memory is manifested through conformational protonation of the housane by the strong acid H3@nerates
control. Once th&(H)™ cation opens up to the cation conformer the most stable carbocatiéi,1”*8which determines the regio-
edge6(H)™, its pseudoaxiatndeCHjz group slides over to the  selectivity (Scheme 9.
Me-bearing migration terminus to afford cyclopenté&reefore Of the two possible corner attacks of a proton on the housanes
the ring flip to theedge7(H)™ carbocation conformer occurs 5, the carbocation regioisomeorner6'(H)* is favored over
to transpose the R group to the cyclopent@ngScheme 8). corner6(H)" due to phenyl stabilization. A 1,2-shift of the ¥
The conformational change 6{H)" to 7(H)" is encumbered  group in thecorner6'(H)* cation results in the cyclopentene
by the prominent steric interaction between tH& gtoup and 6' diastereomer as the major rearrangement product after proton
the annelated cyclopentane ring.

i Vi i Vi i - (15) Semiempirical calculations on the corresponding 1,3-cyclopentanediyl triplet
The regioselectivity and diastereoselectivity of the silver(l) diradicals confirm that the benzene ring is substantially twisted out of

ion-promoted1® rearrangement (Scheme 6) of tha housane conjugation; see: Adam, W.; Harrer, H. M.; Heidenfelder, T.; Kammel,
are identical, within the experimental error, to the TFA-catalyzed T Kita, . Nau, W. M.; Sahin, Q. Chem. Soc., Perkin Trang 1096

case. Consequently, the mechanism in Scheme 8 applies, excefts) Wiberg, K. B.; Bishop, K. C., llITetrahedron Lett1973 29, 2727-2730.

; 7) Arnett, E. M.; Hafelich, T. CJ. Am. Chem. Sod 983 105 2889-2895.
that the rearrgngement process commences with the _pl_Jc_:kere(gB) Wiberg, K. B.; Kass, 8. R.. Bishop, K. C., 1. Am. Chem. Sod985
5a(Ag)" species. Instead of the previously suggested initial 107, 996-1002.
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loss. Inversion to the cation conformeorner7'(H)™ and Me group is sterically little hindered to pass by the £D
migration of the R* group affords the cylopenteng dia- substituent at the methylene bridge and both diastere@ier
stereomer as the minor product. The inversion of the and7f are accessible (Scheme 5).

corner6'(H) " to thecorner7'(H)* conformer should be facili- ,

tated, since the interactions between the pseudoaxial Me groupCenclusion
at the protonated bridgehead position with the annelated The structurally more complex housane derivatigelsave
cyclopentane ring and the¥fgroup would be relieved; however,  offered the unique opportunity to explore conformational and
during this ring flip steric repulsions between the R group and steric effects on the diastereoselectivity in the electron-transfer
the annelated cyclopentane ring build up. Consequently, the TBA-+SbCk-) as well as in the acid-catalyzed (TEA, HGJO
endoCHz> group migrates faster than the conformational and metal-ion-promoted (AGF4~) rearrangements in a com-
inversion and the greater migratory aptitude of the R substituent parative manner. The present study reveals that the diastereo-

is not expressed. _ _ selectivity of the 1,2-migration is decisively determined by
Also, protonation at the phenyl-substituted bridgehead takes conformational and steric factors and emphasizes the complexity
place in appreciable amounts to generate ¢bener6(H)* of the structure/reactivity interplay in the housane-derived

conformer. Subsequent Ghhigration affords exclusively the  intermediates. For all activation modes, the stereochemical
cyclopentené in a constant amount for all derivatives (Table memory effect operates in these rearrangements, which is
1), which implies that thecorner7(H)"conformer is not  imposed by the conformational requirements that are dictated
populated (Scheme 9). This appears surprising at first sight, py the stereoelectronics of the 1,2-migration. As a consequence,

because cornerwise protonation of the housaagthe phenyl-  the ratio of the rearrangement products is essentially insensitive
substituted bridgehead position obligates the phenyl group t0to the migratory aptitude of the R substituent in the housanes
be placed at the pseudoaxial position of toener6(H)* cation. 5. Unprecedented is the fact that, for the carbocations generated

One would expect that the congested phenyl group shouldpy protonation of the housands the kinetically controlled

foment ring inversion to theorner-7(H)*conformer to avoid  methyl shift is faster than the competing conformational changes,
the steric repulsions between the annelated cyclopentene ringyhich accounts for the observed stereochemical memory effect.
and the R* substituent. However, inspection of molecular The regioselectivity of the 1,2-migration is, however, determined

models reveals that the pseudoaxial phenyl group is sterically py the electronic stabilization of the substituent at the rear-
obstructed to slide paSt the R substituent in the conformational rangement terminus in the intermediate that results from a

change otorner6(H)* to thecorner7(H)" and, consequently,  particular activation mode.
the CH; group migrates exclusively. Additionally, it should be

realized that the less stabilizerner6(H)™ cation (methyl Acknowledgment. Generous financial support by the Volk-
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more stabilizeccorner6'(H)* cation (phenyl conjugatior?). and the Fonds der Chemischen Industrie is gratefully appreci-
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5f with HCIO,4 both diastereomeric rearrangement prodégts
and7f are formed (Scheme 5), by migration of taedeCD3
as well asexaCD;3 group to the cationic Me terminus. Relevant
in this case is the fact that tleerner6f(H)* conformer inverts
to thecorner7f(H) ™ species, which means that the pseudoaxial JA028649M
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