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Surnrnary. Bicyclo[2.1.0]pent-5-y1 methyl ketones undergo two thermal isomerization 
reactions. The endo-exo stereomutation follows thc ring-flip path in better than 90 %, with inversion 
of the configuration of the angular carbon atoms by cleavage and reclosure of the central hond. 
Stereomutation and cyclopropyl-allylic rearrangement to cyclopent-2-enyl methyl ketone do not 
involve a common intermediate and proceed on separate potential energy surfaces. The activation 
parameters of the rearrangement suggest an allowed concerted cyclorcversion process. 

Bicyclo[2.1.0]pent-5-y1 methyl ketones undergo endo-exo stereomutation and 
cyclopropyl-allylic rearrangement to cyclopent-2-enyl methyl ketones at  tempera- 
tures above ca. 130" in inert solvents. These isornerizations are not accompanied by 
any other detectable thermal processes. The stereomutation has been described first 
by Jorgenson & Thacher [2] for the (1,5-dimethylbicyclopent-5-y1) methyl ketones, 
and the rearrangement was encountered simultaneously by these authors with the 
same compounds and by ourselves [3] with the 1,4,5-triniethyl homologs. We now 
report tlie results of a study designed to elucidate the mechanistic paths followed by 
the two thermal reactions3). 

Endo-exo Stereomutation of the (1,5-dimethylbicyclo[2.1.O]pent-5-yl) meth- 
yl ketones 1 and 2. Chiroptical study. - For the quantitative evaluation of the two 
possible pathways of stereomutation in bicyclopent-5-yl methyl ketones - by way of 
cleavage of tlie central or of a lateral cyclopropane bond - the chiroptical study of 
the asymmetrically substituted and optically active methyl homologs (1S,4 R, 5 R)-1 
and (1 R, 4S, 5 R)-2 were chosen. Eizdo-exo interconversion of these two compounds 
can, if at  all, only occur via the cyclopentane 1,3-biradical a, i .e. ,  with inversion of 
configuration a t  the angular positions C ( l )  and C(4) and with retention at  the apical 
carbon atom C(5) (Scheme I ) .  
_. 

1) 

2) 

3) 

Taken in part from the Doctoral Theses by Gonzenbach (ETH Zurich, 1973) and Grosclaude 
(UniversitB de GenBve, 1976). For preliminary communications see [l]. 
Address correspondence to Institut fur Strahlenchemie im Max-Planck-Institut fur Kohlen- 
forschung, Stiftstrasse 34-36, D-4330 Miilheirn/Ruhr. 
An intended joint effort in the pursuit of our initial independent entries into this field with 
Prof. Margaret J .  Jorgenson, Boston University, was prevented by her death in March 1970 
before we had occasion to plan the project. Our own subsequent work profited at  the beginning 
from a sample of ethyl endo- and exo-rac-l,5-dimethylbicyclo[2.1 .0]pentane-5-carboxylate 
prepared by the Jorgenson group 141. 
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Alternatively, cleavage of a lateral cyclopropane bond, e.g. ,  to intermediates 
b and c4), would reverse the configurational outcome of the reaction, and the resulting 
products would be the enantiomers of those formed in the ring flip mode ~ i a  a. 

The optically active bicyclopentyl ketones 1 and 2 were prepared as follows : 
(-)-1,2-dimethyl-2-cyrlopenter1ecarboxylic acid was obtained b y  fractioiial crys- 
tallization of the salt formed by  the (&)-acid with (-~)-dehydroabietylaniine. The 
(-)-acid was converted into (-)-methyl ketone 3 with methyl lithium, and acetone- 
sensitized rearrangement ! 5j of (-)-3 a t  room temperature aifordcd (-)-l and (+)-2 
(Scheme 2). The enantionxeric purity of 1-3, as determined by NMR. spectroscopy 
using optically active I'r(HFC)3 as a shift reagent, was over 9074 in each case, and 110 
loss of enantionxeric purity of recovered starting material and protlucts had occurred 
in the photocliemical reaction (see Table 1). 

The SI + /3 acyl shift, an intcgral feature of the oxadi-z-mcthanc pliotorcarrangement of p , y -  
unsaturatcd ketones irrespective of the mechanistic details [l c] !5] [6 , IS  assumcd to  proceed in 3 
o n  the sidc of the initial acctyl attachment on thc cyclop,cntc.nc, resulting in endo-1 and exo-2 
possessing identical ahsolutc configurations a t  C(5). This assumption is quite plausible and i t  is 
tlcterniinant for tlic nicclianistic conclusions to  be drawn latci- from the results of tlic tlicrmal 
isonicrization of ( -  )-1 and (-1-)-2. The assignincnt of the absolute configuration, not essential to 
this conclusion, is based on th r  ncgativc Cotton effect 0 1 , / 1 ~ ~ ~ ~ ' : ~  - 7.40 at 299 nm in thc circxlar 

dichroism of (-)-3 and its tcinpcraturc gradient, l:fij (299 nni) = - 33.3%5). 

4) In a subsequent paper [j] i t  will bc shown tha t  a photolytic mdo-exo stereomutation 1 2 2 
does not occur at room temperature. h s  a possibk reason for this failure. inhibition of rotation 
around the 4,Ei-boncl in hiradical intermediates such as b and c by nonbonding steric inter- 
action with the cis-methylene hydrogen atoms arc considered. This does not neccssarily 
rule out a Pyiori  these intermediates in the thcrrnal isomcrization at temperatures above 130". 
We thank Prof. G. Snutzke, Ruhr-Universitat Bochum, for Chc CD. mcasuremcnt. For the rela- 
tionship between Cotton clfect and absolute configuration of cyclopcnt-2-cnyl niethyl ketones 
and the definition of thc CD. temperature graclicnt 12 see [7]. 

5) 
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Scheme 2. Results of the thermal isomerization of (7  S,4R,5R)-(-)-l and (IR,dS,5R)-(+)-2 

1 

(1 S, 4 R, 5 R )  - 
(-1-1 

I 

(1 R,4S,5R) - 
(+)-2 

The thermolyses of (-)-1 and (+)-2 were carried out separately in benzene solu- 
tions a t  200" and interrupted at  conversions of ca. 80% and 40% starting material, 
respectively. Each mixture consisted of the same components, (-)-1, (+)-2, (-)-3, 
and (+)-4 (cf. Table 1). The enantiomeric purities of 1, 2, and 3 were determined as 
described above. They were the same as that of the starting ketone in each run. The 
NMR. signals of compound 4 could not be sufficiently resolved with the aid of shift 
reagents to allow a determination of the enantiomeric purity, but the positive 
specific rotation is in accord with the formation of the (R)-enantiomer as expected in 
analogy to the rearrangement to (S)-3. 

These results establish that the endo-exo stereomutation of the bicyclofientyl methyl 
ketones 1 and 2 proceeds, within the experimental error, entirely with inversion at the 
angular carbon atoms through cleavage and restitution of the central bond as indicated in 
Scheme 1 u t i l i i h g  a as a formal illustration. However, our experiments do not specify 
any further the particulars of the reaction coordinate. Intervention of a biradical 
intermediate corresponding to a, which would occupy an energy minimum, is possible. 
Yet the species may just as well represent any other point on the potential energy 
surface, or a transition state with incomplete rupture of the central bond may inter- 
vene instead. 

Discussion. - The two cleavage processes which are proposed in Scheme I as a 
priori possible mechanisms for the stereoequilibration of 1 and 2 [4], have been 

188 
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Table 1. Triplet rearrangemelzt of ( - ) -3  and thermal isolnerizatioiz of ( -  j-1 and (+)-2: Sign of 
specific rotation and enantiomeric pc6rit.v of proditcts ") 

Starting ketone Eiiantiomeric purity of products, % 
(enantiomeric purity, %) (-1-1 (+)-2 (-k3 (+)-4 

( - ) -3  (95) ") 93 91 95 cj  - 

( -  1-1 (93) "1 94 C) 93 92 "1 
( +) -2 (94) d) 92 94 r) 91 "1 

8 )  

h) 
c )  Recovered starting material 
fi) 

") Not determined. 

[ajg, c - 0.1-2.2 in CHC13; enantiomeric purity by YMR. with l'r(IIFC)3, experimental 
error 5 3%. 
I n  0 . 2 ~  acetone solution +254 nm at  room temperature. 

In 0.361~1 benzene solution at  200"; conwrsions SO% in the run u-ith 1, GOO/, in the run with 2. 

discussed and tested previously for the parent hydrocarbon and its derivatives [8]. 
Breaking of the central bond and intervention of a cyclopropane 1,3-biradical inter- 
mediate corresponding to a has been demonstrated repeatedly [8b] [9]6) 7 ) .  The same 
reaction path niight have been anticipated also as tlic preferred variant for 1 and 2 on 
purely thermochemical grounds [12]. However, the system 1 2 constitutes the first 
example of such endo-exo interconversion in which bicyclo[Z.l.O]pentanes with a 
n-acceptor group on C(5) are involved. Apical st-donating substituents arc known to 
lower the isomerization barrier appreciably [13], and cleavage of the central bond lias 
been demonstrated experimentally in one such case, 5-benzoyloxybicyclo [2.1.0]pen- 
tane r14] 8). This effect is ascribed to two cooperativc factors introduced by a 3t-donor 
on C(5). Overlap with the TYalsh LUMO enhances the antibonding character of all 
three cyclopropane bonds [15]. At the same time, the destabilizing interaction of the 
biradical orbital of S-type symmetry with an electronegative substituent should be 
smaller than with a niethylene group, which lowers this orbital below the A-type 
HOMO of 1,3-cyclopentadiyl [16]. Accordingly, and in agreement with extended 
Hiickel calculations, the symmetry-imposed barrier to converting bicyclo[2.l0]pen- 
tane to 1,3-cyclopentadiyl should presumably be eliminated and the disrotatory 
opening become an allowed process. 

In the presence of a n-acceptor group these conditions are not fulfilled. I ts  inter- 
action with the Walsh HOMO decreases the antibonding properties of, and hence 
fortifies, the central bond and still weakens the latcral cyclopropane bonds by 
lowering their bonding character, which introduces in 1 and 2 factors in favor of the 
reaction path involving cleavage to b and c.  The expcriincntal result shows that these 
electronic factors are qualitatively not determinant. In fact, the barrier to  isomeri- 

6) Cf.  also Tuvner et ul. [lo] for a thermodynamic argument in favor of  the existence of 1,3- 
cyclopentadiyl as an intermediate in the ring flip isomerizatiou of l,ic~clo[2.1.0]pcntanc in 
the gas phase. 
Matrix-isolated I, 3-cyclopentadiyl has been recently dctcctcd dircctly ~ J Y  ESK. spectroscopy 
upon UV. irradiation of 2,3-diazabicyclo[2.2.l]heptenc-Z at 5.5 1C [ll]. 
Added in proof: Arnold & Morchat have shown recently that a 1,4,5-triphenylbicyclo[2.1.0]- 
pentane exo -f endo isomerizes with an activation energy of 12 kcal/mol less than 2-methyl- 
bicyclopentane, presumably so also via the ring-flipping process. - \Ve thank Prof. D. R. 
Arnold for the communication of this result prior to publication. 

7) 

8 )  
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zation is found to be even ca. 4 kcal/mol less (vide ififra, Table 3) than the activation 
energy of 38.9 kcal/mol reported by Chesick [9] for 2-methylbicyclo[2.l.O]pentane. 

Endo-ex0 stereomutation and cyclopropyl-allylic rearrangement of the 
(5-methylbicyclo[2.l.O]pent-5-yl) methyl ketones 5 and 6. Kinetic analysis. - 
When thc reaction path of 1 2 had been established, intervention of a biradical 
intermediate a common to both the e d o - e x o  interconversion and the rearrangements 
1/2 + 3 + 4 appeared to be an ecoriornic mechanistic rationale, even though we are 

Scheme 3. Results of the kznetic analysis of the thermolysis of 5 and 6 

Table 2. Firat-ovder rate coltstants of stereo1 sonzevazations and cyclopropyl-allylzc rearrangement of 
the bacyclopentyl methyl ketones 1, 2, 5 and 6 an benzene 

Ketonc Rcaction Tcmpcrature, C k ,  scc-1 

5 

~~ 

1 1 + 2  170 (6.50 f 0.14) . 10-2 
2 +  1 170 (3.41 h 0.06) * 10-2 
l i - 3  170 (1.70 f 0.21) .10-3 
1 + 4  170 (0.80 f 0.21) . 10-3 
2-> 3+4 170 < 2.96.10-79 

5 + 6  160 (3.27 f 0.13) * 10-3 
(2.51 f 0.38) . 10-2 
(9.30 f 0.22) . 10-2 

(4.61 f 0.13) . 10-1 

(6.87 -j= 0.69) * 10-3 
(2.42 & 0.15) . 10-2 
(1.34 _t 0.09) . 10-1 

5 + 7  160 (1.68 & 0.26) . 10-4 
(1.29 * 0.44) * 10-3 

(5.37 f 0.72) * 10-3 

180 
200 
220 

6 + 5  160 (8.65 & 3.65) . 10-4 
180 
200 
220 

180 

220 
200 (1.96 * 0.22) .10-3 

6 + 7  160-220 < 2.96.10-7~) 

6 i -5  180 (5.74 0.65) .10-3 
6 5 i - 6  180 (3.65 * 0.38) . 10-2 

5 + 7  180 (2.03 f 0.28) . 10-3 
6 + 7  180 (8.20 If 0.78) . 10-6 

a) For k234 and k67 see footnote 8. 



2924 HELVETICA CHIMICA ACTA - Vol. 59, Fasc. 8 (1976) - Kr. 311 

A 100 

2 60 
x 

1 

A c - 3+4 
20 

A A  
I I I I I I I I I 

60 120 180 
min 

100 1 B 

I I I 

60 120 180 240 
min 

, - . n  n 5 20 - - -  
* - * 7  

I I I I I I I I  

120 24 0 360 480 

min 

Fig. 1. Therinolyses of 1 (at 170": A), 5 (at 1SO" :  B), and 6 (at 180': C ) :  experimental and calculated 
plots of percentage product composition vs. reacfioiz time 

not aware of an adequate precedent for the 1,2-acetyl migration which would then be 
required in the latter process. We therefore turned to a kinetic study of the two 
fundamental isomerization processes. The 5-methylbicyclopent-5-yl methyl ketones 
5 and 6 [5] were chosen first as they are somewhat more thermostable than the 
1-methyl homologs and therefore better suited for quantitative capillary GC. ana- 
lysis. 
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When a 3% solution of 31.9% 5,  58.9% 6 and 9.'2°/0 7 in benzene was thermolysed 
for 22 h at  220", the resulting composition was 3.5% 5, 4.2% 6 and 92.3% 7 with 
no other products detectable by GC. The kinetic runs with benzene solutions of 5 and 
6 were carried out in the temperature range 1 6 0 - Z O O ,  the rearrangement product 7 
remaining unchanged under these conditions. Best-fit rate constants were then 
calculated using programs designed to handle up to four components linked by equi- 
libria [17], and these data are given in Table 2. The experimental results are in good 
agreement with simulated curves for percentage product composition vs. reaction 
time using the calculated rate constants (for examples see Fig.1). The rate constants 
remained the same within experimental error when ca. 3% pyridine were added to  a 
solution of 5 at ZOO". Catilysis of the isomerization by traces of acid is therefore 
excluded. The rate constant of the cyclopropyl-allylir: rearrangement is smaller for 
the exo-bicychpentane (k67) than for the en&-isomer (k5,) by a factor of > 103 and 
may be neglected altogetherg). The result of a kinetic experiment with ketone 1 at  
170" shows (Table 2)9) that the orders in rate constants are quite similar in the two 
hJmologous series, i. e., k e n d o - e z o  > k e z o - e n d o  > kendo rearr B k e m  rearr N 0. A com- 
binatory interpretation of the analytical results in both series, i. e. the chiroptical 
(of 1 --f 2) and kinetic studies (of 6 5 + 7), appears therefore acceptable. 

log k 

t 

I- 6 - 7  

- 6  

- 5  

- 7  

'. - '  
\- \- ' 

--- 
>=a\ 

\ . --* 

2.0 2.1 2.2 2.3 ' 2.6 2.7 2.8 2.9- 

Fig. 2. Arrhenius $lot of the reactions 5 + 6 ,  6 + 5 ,  5 + 7, and 6 7, --- Extrapolation 

9) The rate constants k234 and k67 (from 5 as starting material) given inTable 2 are the maximum 
values computed to comply with the other rate data. 
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Finally, the activation parameters associated with tlie rate constants k,,, K,, and 
k,, were calculated from an Arrheizius plot wliicli had been optimized by linear 
regression (Fig. a), and they are given in Table 3. 

Table 3. A ctiuation pavatnetevs of stereoisonzerizatiol~; a d  cyclopropyl-nllylic i,earraiigcim?zt of the  
bicyclopeiztyl methyl ketoizes 5 arLd 6 i ~ t  hemci ie  a )  

Reaction E,  [kcal/mol I A H  * [kcal/mol] I S +  [c.u.:l A(;+  [lrcal/mol] 

5 + 6  34.3 & 0.8 33.4 & 0.8 - 1.5 & 1.7 34.1 1.6 
6 + 5  34.8 & 0.9 33.9 & 0.9 - 3.0 & 2.0 3.5.3 1.9 
5 + 7  23.1 & 2.2 22.2 :I: 2.2 -33.0 _t 1 .7  37.7 * 4.1 
a) Calculated from the rate data of 5 in Table 2. Errors arc standard clcviations, a n d  tlic corrc- 

lation coefficients are 0.998 (5+ 6), 0.997 (6+ 5), and 0.996 (5+  7). 

Discussion. - The kinetic results provide a clear mechanistic dif lerentiatioii of the 
edo-exo  stereomutation and tlie cyclopropyl-allylic rearrangement. The order in rate 
constants and the significant gap in activation entropies between tlie stereoisonieri- 
zations 5 + 6 and 6 --f 5 on the one hand and tlie rearrangement 5 +- 7 m the other 
strictly preclude that the two types of reaction involve a coininon intermediate suc!~ 
as d, and consequently the rearrangement must occur on a separate potential energy 
surface. 

The remarkably large negative entropy of activation for 5 + 7, A S *  = -33 e.u., 
indicates that this reaction proceeds through a highly ortlercd transition state. A 
concerted electrocyclic process involving the four electrons of tlie internal cyclopro- 
pane and the C(5)-acetyl bonds (g2a 4- n2s) would adequately accommodate the 
requirements of both such a transition state and the high selectivity for endo starting 
material. Disrotatory ring opening would selectively permit tlie simultaneous transfer 
of tlie eizdo-acetyl substituent of 5 via a transom of appropriatt, hfobius topology 
(cf. e) prior to flattening of the five-membered ring with complete rupture of tlie 
central bond. An application of the concerted cycloreversion to the exo-ketone 6, 

0 

e 

altliougli formally possible, would nereiiarily require thib 1,rttci f<ii-reacliing geo- 
metrical change in order for tlie transition state to adopt c ~ n  optimiiin gcometr 3 witli 
near-parallel$ orbitals of the allylic system, and it would tliui be hardly distinguishable 
from species d (which is excluded by the kinetics) 10). A t c )n(  ci tetl niecliaiiimi has alw 

10) An alternative ,,2,+,2, cycloreversion mode whicli involves t h c  1 , L -  and 4,5-bonds of l h c  
bicyclo[2.1 .O]pentane skeleton, xrould proceed with preservation of t h e  substitution paltcrn 
and is ruled out by the transformations 1 --f 4 and 5 + 7 vlbich clocunicnt the in\-ol\ement 
of a 1,2-acetyl shift. Such a nicchanisin has bccn proposed by Baldwi?z [la] for the thermal 
isonicrization of 2-methylbicyclo [2.1.0]pent-2-cnc to l-mcthyl-lI3-cyclopcntadicnc. 
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been tentatively considered in previous studies by Jcffoord [19] and Tufariello [13b] 
for the facile and similarly eizdo-selective cyclopropyl-allylic rearrangements of halo- 
cyclopropanes and 5-acetoxybicyclo~2.1.O]pentane (cf. 8 and 9, respectively). 

A 
R = H ,  R ’=CI  

R=CI,  R ’ = H  a 

8 

60° 
R’ R=H,  R’=OAc 1 

60° R=OAc, R’=H 

9 

I n  search of alternative mechanisms which would be in accordance with our own 
findings, the hypothesis was tested that the rearrangement might proceed via the 
cyclopropanol intermediate f .  Its formation could be visualized in an electrocyclic 

H & -* 
H 1 

Schcine 4 q- 

-x+ d 

3 

d 

596 10 
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process involving the breaking of the internal cyclopropane bond, formation of a new 
three-membered ring, and transfer of an endo-methylene hydrogen to the oxygen as 
summarized in 1, Scheme 4. A stepwise variant of this process would include biradical 
g which is being proposed a likely intermediate in the photochemical oxadi-n-methane 
rearrangement 3 + 1 + 2 [5]. Evidence in favor of the existence of intermediate f was 
sought in attempting a H/D exchange between the hydroxyl and 'jolvent. However, 
the result of a pyrolysis of the endo-ketone 2 a t  200" in benzene which had been 
saturated with deuterium oxide was negative. After 70% conversion thc mass spectra 
of neither the starting material (2) nor the major cyclopentenyl methyl ketone (3) 
exhibited any excess deuterium. 

A thermal isomerization which a pyaori  had been considered more likely than the 
cyclopropyl-allylic rearrangement, is a ring enlargement to a dihydrofuran, e. g. 
5,6 --f 10 (cf. [4]). In  none of the thermolyses of acetylbicyclopentanes the occurrence 
of such a product was detected. 

This work was supportcd by thc Fovzds National Suiwe de la Recherche Scaentbftque and by 
Fzvmenich S A ,  Geneva. Prof. R W .  Rozett, Fordhain University, pie\ ided his computer programs 
(KIN1 and KlN4) and the University of Gencva allottcd us  frec time on thc CDC 3800 computer. 

Experimental Part 

Gas chromatography (GC.) : Perkin-Elmer 900 and 990 chromatographs; carrier gas helium, 
2 ml/min for capillary and 70-150 ml/min for packed columns; FTD system. Capillary column: 
150'x 0.01". Packed columns: 1O'x 3/8' and 10'x 1/4'; 50/, FFAP and 15% squalanc, both on 
chromosorb W, AW/DMCS. Peak integration with aii automatic digital integrator. - Optical 
rotations: Perkin-Elmer 141 polarimeter; 10 cm ccll; CHC13; c added in parentheses. - IR .  spectra: 
Perkin-Elmer 257 spectrophotometer; band positions in cm-1; s = strong, wz = medium, zv = 
weak, br. = br0a.d. - N M R .  spectra: Varian XL-100; chemical shifts in 8 values, J in Hz;  s = 
singlet, d = doublet, t = triplet, wz = multiplet of higher than first order, br. = broad. - U V .  
spectra: Beckman Acta I11 spectrophotomctcr; maxima in nm, 8 values added in parentheses. - 
Mass  spectra (MS.) : Vurian SM-113; base peak in italics. 

Resolution of ( ~)-7,2-Dimethyl-2-cyclopentenecarboxylic acid [5] 11). Equimolar amounts of 
rac-acid and (+)-dchydroabietyl ainine [prepared from the acctatc (Flzika A G )  of constant m.p. 
144-145" by decomposition in aqueous 10% KOH-solution a t  100"] mere dissolved in CH30H. 
Evaporation of the solvent afforded a crystalline mass which by fractional crystallization in 
benzene gave the (-)-diastcreoisomeric salt with a constant optical rotatioil, [ ~ ] g  = - 22" (0.9). 
This salt was dissolved in CHzCl2 and decomposed by shaking with aqucous satd. NaHCOs 
solution. The aqucous layer was brought to  p H  2 with ZN Has04 and extracted with CHzC12. 
Distillation of the crude product a t  75"/0.1 Torr gave (S)-( - )-7,Z-dimethyl-2-cyclopente~zeca~- 

(S)- (  -)-(7,2-Dimethyl-2-cyclopente~zyl) methyl ketone (3)11). The prcparation from (S ) - (  -)-l, 2- 
dimethyl-2-cyclopentcnecarboxylic acid with CH3Li followed thc procedurc employed for thc 
racemic compounds [5]. - [a]? = - 402" (2.2) 12). CD. (methylcyclohcxane/isopentane 1 : 3) 5) : 
ds,,, = - 3.33 (318 nm), -6.33 (309), - 7.40 (299), - 6.33 (293), +1.83 (217) ; AE,;,:~~' = -5.19 

(316 nm), - 10.04 (306), - 11.08 (296), - 9.35 (289), +5.54 (212); I?;:j (299 nm) = - 33.3%. 
Acetone-sensitized irradiation of ( - ) -3 .  A quartz tube with a 0 . 2 ~  solution of ( - ) -3  in acetone 

was placed in the centre of a circular Hg low-pressure lamp (principal emission a t  254 nm). The 

boxylic acid; [XI: = -152" (0.8). 

+ z o o  

11) For the analytical data of the racemic compounds see [5]. The spcctral and chromatographic 
comparisons with the optically activc substances were satisfactory in all cases. 

12) Values corrected for 100% cnantiomcric purity (see Table 1).  
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solution was purged with argon prior to and stirred magnetically during the irradiation. The pho- 
tolysis was carried out a t  room temperature and carried to 93y0 conversion (monitoring by capil- 
lary GC. at  100"). Products 1 and 2 were formed in a 7 : 3 ratio. For analytical purposes samples of 
the compounds were isolated by GC. (FFAP, 100-llOo):  recovered (-)-3,  (7 S,4R,5R)-(-)-  
(I,5-dimethyZbicycZo[2.7.0]pent-5-~~l) methyl ketone (l), [ M ] E  = - 78" (0.6), and (7 R,4S,5R)-(+)- 
(7,5-dimet~zyZbicycZo[2.7.O]pent-5-y1) methyl ketone (2), [a]: = +43" (0.5) 1 0 ) l l ) .  

=Is the GC. retention times of 1 and 3 are too close for satisfactory preparative separation, the 
ternary mixture was taken up in acetonc and 3 selectively oxidized by titration with an aqueous 
2% KMn04 solution treated with NazC03. Aftcr worli-up the products 1 and 2 could then bc 
isolated by GC. as above. 

Preparative therinolysis of ( - ) - I  aad (+)-2.  0 . 3 6 ~  solutions of each compound in benzene were 
heated to 200" in sealed Pyrex tubes for 1 and 2 h, respectivcly. After evaporation of the solvent, 
the products were isolated by GC. (squalanc, 110') and identified by IK., NMR. and GC. coin- 
jection with racemic samples [S]. 

From (-)-1: 20% (-)-1, [ c L ] ~ =  -72" (0.2); 35y0 (+)-2, [ M I : =  t 3 2 "  (0.5); 18% ( - ) - 3 ,  

From (+)-2:  40% (+)-2, [c(]f$'= +38' (0.3); 23% (-)-1, = -67' (0.13); 20% ( - ) -3 ,  
[aj? = 311" (0.8); 17% (+)-4, [ M ] :  = +302' (0.9). 

Determination of the eizantiomeric purities of ( -  )-1, (+)-2, aizd ( -)-3. The enantiomeric 
purities were mcasured by integration of the areas of the acetyl1H-NMR. signals of each enantio- 
mer in the presence of the optically active shift reagent praseoclymium(III)tris(3-heptafluoro- 
propylhydroxymethy1ene)-d-camphorate. For the assignment of each signal to the enantiomcr, 
the NMR. probes of (-)-1, (+) -2  and ( - ) -3  were rerun after addition of some (&)-l ,  ( 3 9 2 ,  and 
(+)-3,  respectively. For the results, see Tables 1 and 4, and Figure 3. 

== -340" (0.4); 277; (+)-a, [a]: = +288" (0.6). 

1 2 3 

Fig.  3 .  Resolved ace ty l1H-NJfR.  sagnals of 1, 2 and 3 zlz the preseiace of Pr(HFCJ3 

TherunoZysis of a mixture of cndo-(5-methyZbicyclo[2.I.O]pent-5-y1) methyl ketone (5), exo-(5- 
nzethylbicyclo[2.7.O]pent-5-yZ) methyl ketone (6), and (2-methyl-cyclopent-2-enyZ) methyl ketoxe (7). 
.4 3% solution of 31.9% 5 ,  58.9% 6 and 9.2% 7 in benzene was heated for 22h to 220" in a sealed 
Pyrex tube. Capillary GC. (Carbowax l< 1540, 110") : 3.5:/, 5 ,  4,20/, 6, 92.3% 7. 



Ketone Concentration 
o€ PriHI’Ch 

Chemical shift differences (As) and 
cnantiomcr assi~niiicnt 

~~~~ ~ ~~ ~ 

0.29M 1 0.12M -3 .62 ( - ) ;  -3.72 (4- j  
0.36nr 2 0 . 0 7 ~  -1.32 ( - ) ;  -1.45 (+) 
i j .21N 3 0.11 M -1.73 ( - ) ;  -4 .S l  (+) 

K i i z e f i L  ~ i m s  wi /h  1, 5 nizd 6. a) X 2% solutior ol 5 iu licn sealed in Pyrex tubes which 
\vvrc licntccl in separate batchcs to 160, 180, 200 and 220 ’. run, live tubes at cach of 

.ern1 tiin(, intervals merc reinovcd auc! coolccl in dr!- icc/;icc . were thcii analysecl 
~ua~iti!:itivc.ly by capillary (X. (Cubowax I< 1540, 90-1 O ~ J  ) arid t l  r e  of the fivc dctcr- 

minatioirs wcrc nscd for the  detrrrnination 01 the rate constants (see and 2 ,  and ’Table 2) .  
Th(: plot o f  percciitagc product composition us. reaction timc did not vary 1)eyond cspcrimental 
error whcn 3qA pyridiiic we're addcd t o  a parallcl run a t  200 . 

t h  1 and 6 \wrc carried oat at 170’ and 180 , rcspcctively (see 1;ig. I A ,  

i ~ ; . c ~ z c / L ) ~ O .  .I 30,; solution 01 2 in  1)ciizciic~ s;itura tccl \\ it11 D ~ O  ~vzis  iiratcd 
1 a 3 :  7 1-ntio o f  2 ctnd 3 which 

U’, 12W). MS,: (dl++l\ = 3Oc>iI (control s;miplr: 270,;) for 2, 237/, 
in a scalictl Pyrcx tube for 6h a t  200”. T h e  reaction mixture contzri 
wcrc isolat(d by GC. ( 
(control: L.5:/;) for 3;  rcfcrenc ’- 100%; cxperiiriixiitiil error:  j. 5”; 

\Ye t11:rnk 5Ir. F .  .4 i tdreol i  tor t(dinica1 a s s i s l a i u  I’ruf. ’-1. B i ~ c h s  lor the 
AIS., ant1 1h. C.  Uuygrv ;iiitl Mi-. ,/. 1’. SauZizzci, lor the NMIC. nicasurciiicnts with shif t  rcagcnt at 
100 W I z .  


