
THEINFLUENCEOFTHEI-I-ELECTRONDISTRIBUTIONAND 
I-I-BOND STABILITY OF KETENE ACETALS ON THEIR 
REACTIVITY AND STEREOSELECTIVITY IN THERMAL 
(2 + 2) CYCLOADDITlONS WITH l,l-DICYANOSTYRENES 

heen ~~udwd Kcrrne d;ctrl\ ylth 4 \)mrnrtn~~l IkleLlrcw dlttrltwtlrrn g~\c \lahle c)clnhutane% IUI rextwts In 

vhlch no dip&r lntermcdv~res r’~ b tnppcd Kctenc rcttds ulth an unrymmctncrl Il+kctron dMrilWcm wvc 

unsrrhle c!cbburuw or oltur products denbed from dqolu mtcrmcdutrr In ths case. d1pob.f m&rmedticr CM 
k mterccpted ulth H:O The results have ken crpluned hy rugpow@ a dlffcrcnt approach of tk rcuIants III tk 
c!clorddltlon< of rk two dvffercnt types of kclenc MCIJI Funkr wpporl for ttur rupOoriuon *as obt~& from 
the stcrtwhemlal courw nf the cyckaddltm rcactlonr with R’HC-C((Nlc):. (R’aMc. Me. Cl) 4 from the 

e for the symmctncJIy Mnrrtuted (MdH.~4IOMe): utd Hammelt plot\ uhlch rho* 1 ktttt conclalm! wth u 

with (I for the unr)mmctncJ lUeCH<(OMe~~ 

The c)cloadditlon between electron-poor and clcctfon- 
rich okfins has become a general method for the tyn- 

thesis of cyclobutanc dtrivattr’. Weakly electron-poor 
alktnes having a smgk electron-wrthdrawing group at 

one 01 borh WC~ of rhc olcfiruc bnd react with strongly 

electron-rich olcfinr hkc cnanlmct only at tlcva~ed Iem. 

pclltUrcI~ ’ 

available by Knocvcnagcl condcnsatlonr. so that the aryl 

group can be varied widely 

Weakly ckclron-nch alktncs like enole ethers react 

only utth alktnts contaming at least two electron-with- 

drdulnp \ubslltucnl\ Jt the same WC of the douhk 

hcrnd. c y I.l~d~c~an~uthcnc ” Krtcnc acctal\ 

(R’R’C4’(OMr)?. 1) hIon to the electron-rich alkcncr 

uith an mrcrmcdlatt nuclcophilicity between that of 
tnolt ethers and tnamlncr Recent mvcstlprlons in our 

laboratory habc thown that the scope of their (2 + !)- 
c)cloaddlrlons u lth clcctrt~r+poor dlkcnc, can be extended 

lo alkent having unl) one clccrron-WIthdrawIng sub 
ttltucnt when a I+cr~q acid IS uwd at a catalyst’ 

When the kcrcne acctalr IA wcw treated with dicy- 

anostyrcnc CZr, in acctonitrilc as the solvent the products 

glvcn In Scheme 1 could be Isolated. Stable cyclobutancs 

(k and HO WCH only obtained m good yeIds from the 
reaction of 21 with Ir and If The NMR spectrum (and 

sharp m p 1 of k indicated that only one isomer was form. 
cd from It and 2f. It ras not possible to deduce from the 

NMR rpeclrum whether rt had rhc cir. 01 IWIS- 

configuration, X-ray analysis established. however. that 
the franr product had been formed.” 

Results from the htctaturc” *In Indicate that the 

nature of products from reacttons of 1 riith electton-poor 
Acne\ I\ \trtlnpl! Jclcrmrncd tq Ihe Il&c(ron JIV 

trrbution rn the ketcnc acclal and to a smaller extent by 
thar in the clcctron.poor olcfin The symmetricall) sub- 
stituted kctcnt acctal If (R’=R’=OMcl ylcldcd In teac- 

bon% with electron-poor olcfins always cyclohutancs ’ 
‘The un\ymmctrlcall> Whstl~u~td kctcnc rectal 

H:C=C(ORI:. (R=Mc or Er) has been reported to yield 

cyclohcxanc dcritatlvcs In the rcactrons with malclc 
anhydride” and haloqumoncs.U whereas cyclobutancs 

*UC Isolated from the reactions wllh I.l-dicyano-F 

methylhurtnc’” and mrthjl acrylatc * 

The (2 + !I cycloaddltlons of the other kctcm acctrlr 
led to tqulllbna Removal of the solvent (acctonltnk) 

from the reactlon mixtures of le or Id with B tcsultcd in 

srmultrncous. partial removal of the kcknc acctal from 

the cqullibtium mlxturc. so that the remaining products 

Ik and #I WCIC always contamuutcd with 3 On 
keeping 3c or 3d In solution the amount of 21 Incrcarcd. 

becaurc the ktttnc acrtal was removed from the cqulli- 
bnum mixture by polymcn7ation 

WC studled rhc Influence of subrtltucnlr R’.R’ In I on 
the outcome. beloclfy and stereochemIstry of the cyclo- 

addltron teactlont with dlcyanostyrencs. ArCH=C(CN): 
The subrtltucnts WCIC vancd systematically eving a 

SCIICI of compounds In which the symmetry of the 
Il4cctron distrlhutlon and the HOMO-energy decrease 
dczording trr R’.R’=OHc. OMc = OMc. H ‘s Mt. Me x 

Me. H > H. H or Cl. H I)rcyrnortyrcncr wcw chosen as 
the electron-poor component. bccrusc they ttact 

smoothly. g~vc well defined ptoducts and arc readily 

The NMR spectrum of 3c showed only one doublet for 

the Me group at C(41 lb. I 27 ppm) The Me ~gnals of 36 
arc aI 6. 1.20 and 6. I 37 ppm From these results It 
cannot be deduced whether k ir a CU- 01 trans-com- 

pound Due 10 rhc mstrbihry of SC It was not porribk to 

obtain pure cryrtalr fot X-ray analyslr From the X-tay 

analyrls of the hydrolyscd product it could be deduced. 

however. that the frons cycbburanc had been formed 
(WC furlher) 

An Impure sample of 3a could be Isolated by Poe- 
clpitation from a reactton mirturc in tcrrahydrofuran 
with pcntanc Reaction of tr and ZI in a mote polar 

solvent 01 usrng longer reaction times led. however. to a 
stable cyclohexrnc derivative 4. 

The mixture of lb and 24 appeared rather cornplea; rhc 
prcrcncc of a cyclobutanc derivative could not be 
demonstrated. Evaporation of the solvent and crystal- 
liution of the restdue from methanol ~rv’c the cyclo- 
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propane dcrivattvt S as the main product (-5056)* A 
similar result has recently been found in the reaclJon of 
bromokctene dicthyt scctal and Icuboethoxy-l-cyan* 
cthcnt.’ 

The product S was obtained as the racematc of a singk 
diolrttrcomcr. We anaJysed the mother liquor for the 
prcscnu of the tpimtric form; compktc separation by 
HPLC could not be rcrliztd. but from NMR spectra of 
mixtures of the side-products 11 could be deduced that 
the other diarttrcomtr co4d only be present in a very 
small rmount. 

The coupling constant of the ring protons in S (J-4 Hz) 
is not very indicative for tither the CIS- or irons- 
configuration, Gosrclck tt al ” found for the cor- 
rcspondlng dlcthyl acctal and ~cveral related cyclo- 
propanes J,,.,,, = 8 - 8.1 Hz. J,,, = 9.2 - 9 3 Hr. what rug 
gests that 5 is the WMJ isomer. This was confirmed by 
the outcome of the reaction of 21 with an cxccss of the 
dicthyl acctal corresponding to lb, viz CICH=C(OEt),* 
tiler filtration of polymeric prducts and evaporation of 
the solvent. the reaction mlxturt could be separated by 

HPLC in this case, yielding four compounds 6chcmt 2). 
The amount of SC t !ld was rbout four times that of 5b. 

The coupliq constant of both diasttrtomcrr SC and 5d 
was 9*1 Hz. sificantly h&her than the coupling con- 
stant of S, J=8*0 Hz as previously reported. By analogy 
it may be deduced that tic cycloproponc 5 from lb md 
a, which cor~csponds IO Sb is a VU~J compound. 

Cploaddition rate con~onfr. Second order rate con- 
stants (I) were determined in various solvents for the 
cycloadditions of the whok series of dicyanortyrcnes 
(2A mven in Scheme 3) with lb (at WI, lc (at 20”) and 
II (at various ctmpcraturcr between 20 and WI. To Ihat 
aim the decrease of the concentration of 2 with time was 
followed spccuorcopically The results arc given in 
Tables l-3. 

II appeared that electron-withdrawIng substltucntr 
In 2 acctllentc the reaction. whereas electrondonating 
substitutnts arc retarding The rcactivlty of the kctcne 
acctalr decreases in the order Icp lb > If (For the 
cycloaddltionr with 2c in acetonitrilt at 20’ the relative 
rates arc IO’, 3 and I. re%pcctivcly.) AS mentioned kfort 

CICH =ctoEi)z 
t 

PffCH = CICNI, 

2f 

SC l So (dmt8reom8rr) 
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the (2 + 2kycloadditlont of lb and Ir lead to cqulhhrla. 
The equilibrium constants (K.J are gcncnlly large. but 
decrease In goin from dicyanosytrcncs havma electron- 
withdrawing substituentr to dicyanostyrcncs conty,ning 
donating substitucnts (footnotes at Tables I and 2) 

Harnmctt plots showed satisfrctory. lincu correlations 
between lo8 k-values and wbstitutnt cowants” for ti 
cycloadditions of 11 and 1~; for H the better correlation 
IS found when D ‘.vaIucs arc used; with 1~ pod line&W 
is only found, using o-valwr. A Hammctt plot of the 
rate constants of cycloaddltions ktwten 2eb and lb 
showed a lower correlation cocdicient both when O- and 
u’-values are used In Table 4 p-values and correlation 
cocficicnts. dewed from the Hunmctt plots UC given. 

Sol~nr tflrctr. The ntc constants for the cycload- 
dltions of Zc with lb. Ic and If were measured in several 
solvents (-fabler l-3) For the conelation of log k-values 

fabtc 2 lLtc conrunrr (t)* for the cyckwldltlon of I.ldrmct~a~.!~hbroclhcrw Ib wth nqwbmured BB+ 
dicyanoltyrtm w at 40’ 
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Table 3 Rare constants (k) for the cyclddlwn of tctnmcthoaycthcnc II *bth nnpubWtutcd B.BdKyanos- 
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with the solvent parameters” ET. (t - 1)/(2e - 1) and d 
WC chose dioxan as the rolvcnt with low polarity. 

kcauw 2c doer not dissolve in hcxant or cyclohexanc. 
For 11 (measured in four different solvents) a very ratis- 

factory linear corrclatlon bctuetn log k and Er uas found 
(correbtton cocficlcnt OW) From the plot and similar 

plotr for lb and Ic we calculated k,,,., ,,,, JkJ _,,. II q -It 
{for lb at @I. = - 19 {for lc at 20 and If at 6(p) 

Trapprng cxptnmrnr~ When the reaction of lr or lc with 
k or Zf wa\ carred out In tctrahydrofunn TTH l-1 at W In 
the presence of a tenfold cxcc\~ of water the c\ter 4 wa\ 
tsolatcd (Scheme II In the rcactlons of Ic iR’=H. R’=Me) 
the product U’U a mtxturc of dlastercomer\ according to 
‘H NMR 

R’R’C=CtOMe): + ArCH=C(Ch’), - HCtC?J).- 

la. c 2c.r 

CHAr-CR’R’-CWMe 

4 

R’=Mcl by mrld. acid-catalytcd hydroly%lr. only 

one dlastercomer (sharp mcltq point NL9l”. sharp 
doublets in the KMR-spectrum for @X3), at 84.54 and 

for HCCH, at b I 05 ppm) waz formed. X-my analysts’* 
rcrcalcd <hat In this case only the R Slsomcr had been 

formed (Scheme 5) shwing that cyclobutanc 3c had the 
trunr configuration 

Me OMr 

H H 

@ 

M* 

+?l CN 

$0. * 

When the cyclobutanc dcnvatrbc k. prcvrously for- 
med from lc and 2i uar con&cd Into 6(Ar=C,HI. R’=H. 

(R.S l S.R) 

Scheme ! 



l-k dtucrKc of lh4 

The kctcnc rcetals Id. t UK! I behaved quite 
dificrently: even In the presence of a hundredfold 

excess of water the reactions with 21 gave only tbc 

cycloadducts 34-f. no esters 6. The cyclobutanc u could 
be hydrolyscd dh 4N HCI at room tcmpcnturt giving 1 
(R’=R’=Mc, Ar=LH,) in good yield. Similar hydrolyses 

of k and 31 required prolonged renux in dioxrnlwrter in 
the presence of p-toluenc sulphonic acid. In there cases 
the rcrulting ester arose together with considcnbk 
amounts of 21, showing that the hydrolysis is accom- 

panied by reversal of the cycloaddition. 

The majonty of previous mechanistic studies on 

thermal (2 * !)-cycloadditions concern reactions of cnok 
ethers and some other weakly electron-tich alkcncs with 

tctracyanocthylcnc ITCNE) ” The generally accepted 

mechanism is given in Scheme 6. An essential feature IS 
the occurrence of a dipo1a.r intermediate which should be 

separated from the reactants and products by energy 
bticrs (trrnrltion states) of nearly equal bei&.” 

The occuncncc of the intermediate is su~tantiatd by 
trapping expcnments. large solvent effects, and the sign 

and magnitude of activation entropies and activation 
volumes. 

Our rtrultr do not fit into this scheme. A kss serious 

dimcult): are the small solvent effects which were 

measured They may be caused by the suong polarity’* 

of the dlcyano~tyrenes. used as the electron-poor 

component (t: ~=3.05; Zf: ~=5.24; ti ~4.26D). espc- 
cially when the transition state should be reached rcla- 
teeI) early and ha\ rtlarlvcly lIttIe dlpolar chvactcr 

Small solvent effects have been found previously in 

(’ - _ 9-cycloadditlonr 
kcnts.” .n 

of strongly electron-rich al- 

A more fundamental explanation IY. however. required 
to understand. why trappmg cxpctimcnts in aqueous 

solvents were wlthout any result in cycloadditions of ld. 
t. 1. and to get rnslght into the stereochemical course of 

the reactlons Flnallj. there 1s the seemingly confllctmg 
result that the stabihty of the cyclobutanes. Increasing in 
gomg from 3r to 31. apparently corresponds to the CI- 

bond stabrlity of the kttcnc acctal. which decreases from 
la to If. whereas the rcactlon rates of the various kctenc 

acctalr do not only depend on the HOMO-energy (Ic IS 
more reactive than lb) but also on the nelcctron dis- 

tnbution; W having the highest HOMO-energy but a 
symmctrlcal electron distribution. has the lowest rcac- 

bwty The contradictory variations in product stability 
and reaction rates In reactions between 2 and vtiour 
kcttne aceulr suggests a ondual varnbon of the rcac- 
tion mechanism in going from unsymmctncally sub 

%Iltutcd kctenc accraIs to ktttnt acctals havmg a sym- 
mctncal If-electron distribution 

Accordrng to the frontier orbA theory two llmlting 

2 
+A - 
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0 

r/ **..* , . . . r b- 
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Fu I Lrnltang gcomcu~cr for approach of “unrymmctncJ” 
ckctrmnch Jkcnc% (1) and “~ymmctncal” ckctron-nch aJkcnc$ 

lb) In CyCbrdditrUM ~8th ckclronqua akcrws 

gtomcWo of addend approach” art posslblc in rcac- 

tions of electron-rich alktncs with electron-poor rlkcnts. 
havmg the higher 1.UMOcocficent on the 8-C atom 
(Fig. I) The IS” + IS” approach is preferred by ketcnc 
acttals. havmg a much larger HOMO-cocficicnt on C(b) 
than on C(u). T~K 2SD + IS” approach becomes more 
probable as the diUtrencc between the HOMO 

cocfklcnts decreases and finally vanlshcr. In tht latter 

cue (reactions of ld. t and cspcclllly 10 the developing 
charges at the dqolrr ends arise rather close together, 
mutual bond formation between them is fast. much faster 

than the rtactlon with water If present The energy 
profile must have a rather broad and flat maximum, so 

that a dipolar mtermcdiate, if occurring should be a very 
short-living species. 

In the cycloadditlon of It two cyclobutantr (ci~ or 

frans k) might be formed. but only the more stable fronr 
product IS Mated This ruggets that the transltlrln stale 
geometry is clorc to that of the product (t.g like Fig ?)* 

It has been supposed that in the IS” - lSA approach 

unsymmetrically substituted reactants start their Inter- 

action In a rronr arrangement (a in Fig I). The devcle 

ping charges arc far apart and rotation around the pri- 
mary formed C-C bond into a cisoid gauche confor- 
mation is necessary for the completion of the cyclo- 
butane formation x In these reactions (cyclordditlon of 
1~) a rather long-hving. dlpolar intcrmedwc is formed. 
which can be trapped by one of the reactants (see 
Ir * Xl or water. In Scheme 7 the main conformations (A 
and B) of an intermediate state. arising t.iu the fransold 
approach are gwn for rcactlons in whrch R’=H. R’*H A 

1-t - [g 
Schcmr 0 
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IJ the less crowded conformation: rotation in both dirtc- 

tlons to a crsoid gauche conformation leads to an in- 
CWIW of crowding The energy harrier between A and 

the product la cyclobutanc) is higher than between A and 
the reactants (I and 2). Therefore A will mainly revert to 

the starting compounds. On the other hand, the more 
crowded mtcrmcdiate. B will be a rhontr-living intcr- 
m&late, because rlnglc-bond rotation leading to a 4 

membered nng compound, can proceed under release of 

crowdIng The~c kinetic arguments arc not necessary to 
explain the formation of the thcrmodynamlcally more 

stable tronJ cyclobutanc (3~) from lc and LI. because the 
(2 + 2j-cycloadditlon is reversible under the reaction 
conditions They may explain. however. that the for- 
matIon of a b-hydroxycster (6. Scheme 4) from lc and a 

In the presence of water doer not proceed stcrcoscltc- 
tivcly. the cr+ro-isomer will arise by trapping of the 
dipolar rntcrmediate havmg the more stable confor- 
mation A. 

Mcrcnt khavlour between the conformatlons A and 

B of the dipolar intermediate is more convincingly found 

In the cycloaddition between the dicthoxy acetal 

HCCl=C(OEt), and 2f. The lntramottcular substitution in 
the inttrmtdlatt. leading to Sb (Scheme ?I. apparently 

occurs mainly from the less stable, but easily rotating 
conformetlon B (R’=CI), since 5b 15 rrolatrd as a trans 
compound The occurrence of A (R’=CI) appears from 

the formation of the dla~tcreomer~c sldc-products k and 
!5d shlch art both cts substituted compounds. 

Apparently A is rumcitntly long-living to be Inter- 

cepted by a second molecule of HCCMOEtl,. which II 

more reactive against tlcctrophllcs like A than the car- 
responding dlmcthoxy acctal (lb) In this uay another 
tranroid Intermediate (A’. Scheme 8) arises. whrch 13 

OEf 
I 

apparently stable enough to allow rotation to a more 
crowded conformatlon from which ringclorurc to the 

~-substituted cyclopropanc dcnvative occurs 
There is a remarkable difference in the interception of 

the dlpolar intermediate by one of the reactants in the 

cycloadditlons of Ir and HCCI=C(OEt), with 2! In the 
former case the intermediate is intercepted at the rnion- 
rite by the electron-poor olcfin. although 21 has a more 

hindered b-carbon than the electronsrich reactant la. 
The formation of the new C-C bond proceeds prcf- 

crcntially rio combination of the soft centers In the 
cycloadditions of HCCl=C(OEt)z. however, the Inter- 
ception of the intermediate occurs at the relatively hard 

dloxcnium ion site by the kttenc acctal used. TM tcn- 

dcncy has been prcv~ourly observed” and may be 
arcnbed to the strong polariution of the latter kctcnc 
acctal. 

It is of interest that in the analogous cycloadditions of 
ktttnc acctalr with aldchydcs a ctr-3ubstrtutcd oaetanc 15 

alsays the result of kinttlcally determined product for- 
mation ” ” In these (2 + 2tcycloadditions the tronroid 

approach lid the more stable intermediate conformation 

(Scheme 91 has a better chance to rotate to a more 
crowded conformation before gorng back to the starting 
compounds. bccaurc of the smaller SILC of onygcn in 
comparlron ulth the CICN)z residue Stronger attrac- 
tion between the posltlvc pole and the loralr:rd ncgatlvc 

charge may be another factor. 
A final point of discurslon concerns the results of our 

klnctrc mcasurtmcntr In a prcccdmg paper* UC found 
very good linear rtlatlonrhips between log k-values and 
CT’-subst~tuent constants. yltldmg pcwtiw p-valuer. for 
T)ltls Alder rcactlons of the compounds t-b with \cvcral 

electron-nch alkoxybutadicncs Similar results have hen 

0 / 
NC CmEIl, -CHCI- c/ 

/ \ NC 
CtOEl),-CCWCC 

* 

\ 

NC- 
Ph OEl cl* * NC Ph 'OEt 

H Cl 

H 

A’ 

Sihtmt b 



k u#ucrbct of the lltkctron dW7buh0n 

reported for other Diclr Alder reactions, in which the 
electron-poor double bond is linked to an lryl residue.v 
As for Dkls Alder reactions, In gencnl. good cor- 

relations arc found between log k and I/(E,c,,wtr - 
ELCyc,) the substitutnt cf!cctr on log k CM be ascnbcd 

to the utflutnce of rubditutntr on the LUMO-entrgy. 
whereas the p-value is a measure of the energy gap 

between HOMO and LUMO” The increaK of reactivity 
with mcrcasc of electron-GthdrauIng ability of sub%- 

tltucnts rn Ihe phenyl ring of 2 can be ascribed m a 
similar way to the effect of the substituentr on the 

LlJMficnergy In the cycbaddltlons of 1,h) with the 
un\ymmttncally ,uMtutcd kctcnc acctal Ic log k cor- 
relate\ better with Q- than R ‘-values. as a “one-bond” 

reaction (2 - Scycloaddltlon 15 ICI\ frontrcr-orbital-con- 
trolled than the tuo-bond-forming 14 l !]-cycloaddlllon ” 
In the transition state of the (! + !)ecycloaddirion the 

relcvanl LUMO I\ more perlurhatcd and the Influence of 

the 5ubWucnr I\ mainly an mducllvc effect on rhe 
RentratIon of ncgatlve charge at !he 8-C atom. A \lrnllar 

corrtlallon htwctn log k and ~.raluc~ rhould bc expected 
for rhc ti)cloaddltlon of 2 with lb. but In tht3 case the 

cxpcrlmcntal dara arc Its\ clear becau\c of the In\tablllty 
of lb In combmatlon with II\ IOU rcactlvlty toward\ 2 

The symmetrrcally substituted ketene acctrl If has also 
a low reactitity but 15 very stable under the reaction 

conditrons The better correlation of log k with o’-values 

In thlr case points to a tmnsiuon state in which the 

I.UMO of 2 IS less disturbed. This ir m accordance with 

the !S,,- IS, addend approach pictured in Fig I The 

transition state may be ck~rc lo a 11-complex 

--fAl 

Krrtar ucrrol~. 16-I Compounds. Ir. lb. Ic. Id. It and ll wrc 
prepued as dcscnbtd tn the Mcranwc y Tky were stored II 

W In vc~ls ptcltc~rcd vlth ammoma SoIn\ of lb. wed In IIW 
follouuq cxpttunenrs were rluaps frcshl) prcpucd kcruw of 
the Inst&ht~ of lb 

C~chhrrtnt~ rk c d. e. fl we l&k ! A win of 2! 
(7 7 8.0 05 mole) rnd 1 krtcnc acad (0 07 mole) In 20 ml THF 
(rcctacr~tnlc for Id and If1 was kept at the tcmp rnd for llu WK 
@\cn In T~hlc ( Then ‘I ml of a m~xtutt of pentant and ether 
(2 II were added and rhc ppt removed by fibWon Tbt NMR 
sptclrum of k. 3c rnd 3d shooed tht presence of small Mounts 
of I Further punficrtron by cr)rtahutm *a~ nod powbk. 
brrcvcr. 1s the cyclobuturcr dccompoud under rhcx CUCUIP 
stances The cycbburrnes 3e rnd 9 were Is&ted hy cvrgontwm 
of tk solvent rn tocuo md crysrrll~z~t~~ of rk rtsrduc from 
crclohetane dnd M&H. re\pect~veI) Yield\. ph)\lcrl camtantr 

rfd q~~tr~~~~crp~i Jarr drc 8l\en In rrhlr 4 

I.1.!.)T~focvlrno-4.Cdrm~hor)-!.~d~ph~~c~folu~MI k L 
A coin of 1(3 1 @.OO!mok) ud 11 (1 88,002md) in 10ml 
rcctonrtnk wal kept for 4 hr Y room tcmp Er~nbon of the 
solbent tn LOCW ytclded L mratUre of two rtcrcoiWmenL md 
a One Isomer (or) *as c+buuKd 1s 8 pure co~npd by 
cryctrlllrarlon from MeOH. m p !W’ (drc). H’NMR (CDCU 
! )!-?&I (m. AB put of ABX. ?HI. 3 3&3 36 (m. X Pm of 
ABX. IH). 14? ts. 1H). 3 bf (1. HI. 3 7 1%. IHI. 7 WOO (81. 
1H) probably rhe rron~.rsoomcr 

From the H’NMR mtrum of lttc reactIon mixture b-vrlucs 
of protons IA Ib could be dc!crmlned 2 3s) 00 (m. AR pun of 
ABX. 2H), 147 (1. 3H). 3 U is. 3H1. 168 (s. IH), ! @J-4 24 (d of 
d. X put of ABX. IHI (proWAy the rls-lomcr) 

!2_dr~y~o-~p~ylcylopropanr carborylu dctd mrrhyl es& 
(Sr) A soln of lb (1 45~;0015mok) md LI (I !#.OOl mokl in 

IO ml ~ctorutrdt was kept for 1 hr a1 room temp 7%~ -Ivent 
YU cvrponled tn EOCYO After CxtracIIon of the rcrlduc with 
pentic It crystJlucd from McOH Yield. physrcll consLuIIs ud 
h’MR data are @vtn rn Tabk 4 The mother lqud after cbrpwr 

twn of M&H rpplrrtd to be a mixture of several compounds 
which cculd nor be sewted Accordrw to SMR a consrbcrrblc 
amount of ti was ~131 present In the mlalurt The presence of a 
doubler at 4 61 ppm In the YMR spectrum. lndlcrtcd 1 product 
vrlh 8 HC(CN).&H-group. prob&ly I& open etttr HCtCN)r 
CHPh-CHCCCOOMc 

Prrpororum of rk esters 1 by h~dnrly~~~ tjj I.l-drmrthoxj- 
cylaburo8r$ 3 A tin of + 01 3c In THF was trtrtrd wllh 2 
cqwr of waler and two drops IN HCI for I( mm The cyclobu- 
tam !ld was hydrolyzed with 2 cqul\\ of 4N Ht.1 for ! hr After 

removal of tk sdrenl md rhc tace~s of rater rn rocuu tk 

rc4uc ~a\ punficd by bulb to hulh dlsrlllarkln vlth a Buchl 
KuNclrohr oven and \ubuqucntly cr)rtrlllrtd from C)CbkldfIc 

1111 compounds pvc wrlsfactm mlcroand)rtc ((’ 2 0 9. H I 
0-Y)) 

ComwuRd (r (R’=R’=H. A@wtyll. rrcld 8’7. b 0 

lW!lO mm (Kuplrohr) H’UMR c~‘IW~~ &,’ QJ - t I< I AH pan of 
ABX rvllh Ab(AB). IAn. 2Hl. 3 551 W Id of d. X pUr of ABX. 
IHI. 3 65 (I. 3H). 4 43 id. J=6Hr. IH). 7 35 is. (HI 

(‘nmpnufid (c tR’=H R’:Ht. AFm+CI phcnjl. prepared 110 
Ihe c)cld~trnc from lc and Lc) jitld 8”;. m P Kcu ’ 
H’NMR ICDcI,I 8100 (d. 197 Hz. IHI+ 2 -3 60 (m. !H). 185 

(s. 3H). 4 !! (d. Jd Hz. IH). 7 257 W (m. 4H). RS + SR mlxturr 
rccordlru to X.ny tiyus 

Cwpound U (R’=R’=Mc. Ar=pknyl). )x&d 70%. m p l12- 
III’. H NMR (CDCI,) 61 20 1s. 3Hl. I K) (s, IH). 3 65 ld. I=? Hr. 
IH1. 3 75 (1. 3H). 4 M (d. J=7 HI. IH) 

A kctcnc aced (In. c. d. e or 1.0 02 mole) WJ &cd to I coin 
of I 10 02 mole. 1 I 81 In 20 ml THF cnntrmlna 0 ! malt uawr 

(3 bL) Evrwnuon of the tivcn! ytrldtd M open ester bar 0 
(from Ir or Ic ud WI 01 the cybbutaw lid. k or Y (from Id. e. I 
4nda-l 
The ester (b was oburntd II a mlxturc of durtcrcomcn The 

nccmwc of the RS md SR cornpundr described &WC. was Utt 
mun product f40%1 The dustercomers were bof fur&r punfwd 
H’KMR drta fW the orhtr du~tcrtomtr (RR + SS) were Wned 
from the mixture dtCDcl,~ I 21 (d. 1-l Hr. PHI. 1 VI 1%. IH). 4 (5 
(d. J=I HF. IHI. 7 WI (,. !H, 

Rrrrctrons ol I.l~dlmrtlroxv-2.clomArn.e lb and 1.1. 
dtmrtholypmuprfir lc rrfh dtctonwvrwJ &4 ITabkr I Ind 2) 
hurl unounis I! ml) of rolnr of lb (0 20 8 mdcll) or 1~ 14 IO ‘- 
2 IO-’ mokll) rrd of tC (! lO”mdcll) were prpcttcd rnto a 
LhermosUtd ~~tornct~-~ cuvcl The txcu~~~n IE) was 
m-d at A a1 of the dKyurostyrenr where !hc d&a md 
kctm rcculr hd “zero” &so- fht dd~taor~ rcuttonr 

were folbwcd within IJK nnp of Z&UP5 conversIon The rate 





conaan~~ were dcrcrmmcd mp?ucaiJly by fitt~n# &c e~pcnmcnd 
rcsuttt tnto the rppropnrtr pwd&m order rate cqurtmn. In 
IL - EOMF, - E, = kllb. c] t uurq a least qurc fit prognm 
T?u rraclron led to an qutbbtium from which the qtibnum 
constant K, could be dctcrmtbcd accordma K,4b - EMlIb. 
c\F~I m vhKh F, I\ the catmctron of the cqulllhrlum mixture 

Rrocfum~ ul frrramrrhorvcrhnrr II wrth d1cv4ncMrrmcJ tg 
flrMc 3) Soins of If ~O.~-O6mdc/ll ard w (6 10 ‘mole/l) rn 
the rppropnatc solvents f W) ml) rcrc Iwo@! ?o the dcsirtd tcmp 
rn (I thtno+trted bath The reactton was started by rnlatns IO ml 
of both sotnr In a reaction vesut ptaccd In the thermostated bath 
At appropriate bmc ~ntcrvJ~ a unrplc (I ml) was taken from the 
mlature and dltutrd to 100 ml with d\cthyl ether at room ttmp 

The mcarunng of the crbnct~on and dcttrmlnrtron of the rate 
constants were camed out as dtscnbtd ~IXM 
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