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-The scope of and shctuml um8tninta upon the dkne component in the cation radical Di&- 
Alder are invatilptui, with q&al attantion to ekctrunic, ateric. and cohrmatioxml cffactr. The major 
factors which control the competition between Diets-AIda and cydobutane adduct formation arc also 

The cation radical (or holecatalyzed) Dick-Alder 
cycloaddition reaction offers a format for rapid ste- 
reospecifc, and stereosekc&e addition af ionizable 
dienophiks to conjugated dienes. ‘-I Meeha&tically, 
the reaction is a cation radical chain process initiated 
by a hole (i.e. single electron acceptor) catalyst or 
by ionizing radiation and consist.& of a&mating 
cycloaddition and electron transfer propagation steps 
(Scheme 1). In effect, hole catalysis provides a means 
of effecting cycloadditions in the domain of cation 
radicals, where activation energies typicMy are mini- 
mal in comparison to those for cycloadditions of neu- 
trals. When this cation radical cycloaddition step is 
coupled with electron transfer from one Of the par- 
ticipating addends to the adduct cation radical, a 
chain process is set up which yields the neutral adduct 
molecule and recycles the catalyzing “hok”. Theor- 
etical calculations and considerations, as ‘wcI1 as pre- 
vious experimental observation% sug@ that nor- 
mally the ionized component preferentially adopts the 
dienophilic role where feasible. ‘.‘e5 In this way, con- 
jugated or electron-rich A substrates, which are rela- 
tively readily ionized, can be effectively utilized as 
Diels-Alder dienophiles. despite the fact that such 
substrates could not ordinarily be induced to par- 
ticipate effectively in the neutral Diels-Alder. In like 
manner, a high degree of alkyl substitution in such a 
conjugated or electron-rich substrate, which would 
easily be st&zient to preclude the neutral Diels-AI&r, 
as a consequence of steric repulsio&‘ quite often 
results in enhancement of Diels-Alder adduct for- 
mation as a consequence of the increased ease of ion- 
ization and decreased rate of termination, the latter 
usually involving the coupling of two cation radicals. 
As a consequence of these and other related con- 
siderations, it is apparent that the dienic component 
in a crossed cation radical Diels-Alder reaction is 
normally the less ionizable component. It was the 
purpose of this investigation to define in detail the 
generality of die& participation in the cation radical 
Diels-Alder and the factors which influence dienic 
aptitude in this reaction. Special emphasis was placed 
on conformational effects, the effect of the degree and 
position of alkyl and heteroatomic group substitution, 

t The cotion radical Diels-Alder is strongly n%aniod by 
added trifqlaminc.‘0 

and the potential competition between Diels-Alder 
and cyclobutane adduct formation. 

In addition to the constraint that the dienic com- 
ponent be less readily ionizable than the dienophilic 
component, the generality of the dienic role is further 
limited by the incompatibility of certain functional 
groups with the high& reactive chaincarrying cation 
radicals involved in the propagation steps of the reac- 
tion. As a consequence of the electrophilicity of 
organic n cation radicab, the presence of nudeophiles 
which can react irrevemibly with (scavenge) the chain- 
carrying species, either in the medium or on one of 
the reaction components, strongly retards or quenches 
the chain process. An excellent example is the quen- 
ching of the cation radical dimerixation of 1,3- 
cyclohexadiene by isopropyl alcohol and by tri- 
ethylamine. 1.’ Cation radicais possessing /I hydrogens 
are known to be strong Bronsted acids and are there; 
fore also susceptible to quenching through depro- 
tonation by bases9 FinaIly, the tendency of cation 
radicals to undergo single electron transfer makes 
quenching by irreversible electron transfer highly 
probable when readily ionizable groups (amines, sul- 
fides, etc.) are present in the medium or on either 
reaction component, except when conjugated with one 
of the reactant II systemst In the latter case, the 
ionizability of the reaction partner having the conju- 
gated donor substituent is usually enhanced so greatly 
that this compound is exclusively ion&d and par- 
ticipates as dienophile, if at all. Conjugated amino 
substituents, in fact, appear to provide such extensive 
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stabiition to the cation radical that even dienopbihc 
participation is normally precmded. Multiple electron 
donating oxygen or s~-~n~~ng substituents 
produce the same, effect. I1 On the other hand, the 
presence of even mildly electron-&hdrawing sub- 
stituents on either reactant is often sufhcient to sap- 
press the cation radical chain mechanism. When pre- 
sent on the dienopbile, particularly in a conjugated 
relationship, such substituents suppress ionization. 
Further, since cation radical mactivity is pre- 
dominantly electrophilic, &ctronde&zient dienes 
also make very poor dienic components. As a conse- 
quence of all of these considerations, the most e&c&e 
dienic components are those which have neither 
powerfully electron-donating nor electron-with- 
drawing substituents* cyclic dienes such as 1,3- 
cyclohexadiene and 1 -methyl- 1,3_cyclobexadiene 
have received the most attention as dieniccomponents 
in tbe early phases of the reseamh on the cation radical 
Diels-Alder, although several examples of par- 
ticipation of acyclic dknes in this role were noted.‘-’ 
Out of the objectives of the present work was to detiae 
more fully the aptitude of simpk acyclic dienes for 
this role. A common dienophile, t-a&hole (1) was 
selected for the entire range of ~7yclic Genes studied. 
This substrate is r&tr\Zl) raMI) IOntfWd and thus 
is well suited for the <ficoophdic role *I a range of 
conjugated dienes of varying ionimbihty. Lacking a 
true diene system, 1 is unable to function in the dienic 
role, thus assuring that the 1 + produced cannot par- 
ticipate in the alternate, die&, rob. 

RE9ULTS AND DISCUSSION 

Cation radical cycioadditions of the parent con 
jugated diene (13-butadiene, 2) have not previously 
been mported, and it was of considerable interest to 
ascertain whether this simplest diene could participate 
in the cation radical Diels-Alder. The standard reao 
tion conditions, applied to all of the dienes included 

inthisstudyexceptwherenoted,consistedofadding 
a catalyst/iitiator solution consisting of 50 ni.olYa 
(based upon 1) ~~~~~~. hSxa* 
chloroantimonate (3) dissolved in &chlorome&me 
to a dichloromethane sohrtion of t-an&ok (l), the 
appro#iate dicnic component, and 2,6di-t-butyl- 
pyridine (4) in the molar ratios 1: 1:0.6 at 0” and 
quenching the reaction by addition of excess methox- 
ide~metbanoi soktion after 10 mm ma&on time. Tbe 
hindercdaminewasinclud&toassurctheabafatczof 
Bronsted aci@atalyxed reactions,‘fi3 which am an 
occasional concomitant of aminium sah-initiati ca- 
tion radical reactions. In the react&u of this study, 
thehinderedamineactuaUyhadnosignil&rte%ct 
on the nature of the cy&addition products or their 
relative amounts. The relatively Iarge quantity of 
aminium salt required in the hindered amin~mod%ed 
prooedure is a consequence of extensive decompo- 
~~~of~~tby~e~.~~~ 
wem not optimimd, and it is possibk that tme of still 
larger amounts of the aminium salt would produce 
higher yields. In any case, the products reportaI berein 
are the only” non-volatile (non-polymeric) products 
formed except for the cyclodimers of the reactants (t- 
anetbole and the various dknes). The stability of the 
cycloadduaa under the tea&on conditions and the 
correspondence of the products to those obtained in 
the photosensitimd electron transfer (PET) version of 
the reaction were established in most instaooes. In 
contrast to most of the reaction studies, butadiene 
yielded onty traces of cycloaddition products under 
the standard reaction conditions. However, use of a 
massive excess of the dient gave a modest ykld (35%. 
isolated) of the two cycloadducts. In further contrast 
to virtually all previously reported cation radical 
cycloadditions involving dienophiks of the styrene 
(e.g. 1) or the conjugated diene type+ this cycloaddition 
reveals competition between cyclobutane <(CB) and 
Dick-Alder (DA) adduct formation (1: 1 ratio of 
5 : 6 ; Scheme 2). Thus the low reactivity of butadiene 

c”3 
I + 
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toward 1 + is accompanied by a loss of DA selectivity. 
Illpar&bothoftheseelfectsmaybeengenderedby 
the relatively low ptroportion of the s-cb conformer of 
2 which is required for DA addition, but the con- 
trasting results obtained with 1,3-pentadicne (7) sug- 
gest an additional factor. The latter diene, even under 
the standard reaction conditions, atfords a 46% 
(unoptimixed) yield of a single cycloadduct. the DA 
adduct 8 (Scheme 2). The major rate-enhancing effect 
of a terminal methyl substituent, .speciGcally on the 
DA cycloaddition, is graphically ilhistrated in the con- 
trasting reactivities of 7 and 2, and the selectivity of 
the former. Inspection of reasonable transition state 
models for the CB (11) and DA (12) cycloaddition 
(Scheme 3) illustrate the expectation that a greater 
positive charge accumulation on the terminal diene 
carbon (C,) is expected in the DA transition state, 
which should therefore be more susceptible to sta- 
bilization by terminal alkyl groups. The obtention of 
a single DA adduct also reflects the exceptional en& 
selectivity quite often encountered in the cation rad- 
ical Diels-Alder I-5 

Under the standard conditions, isoprene (9) also 
affords a single Diets-Alder addugt 10 (22% yield, 
Scheme 2), revealing that methyl. substitution at an 
internal (2- or 3-) position of the diene system also 
returns to normal DA selectivity. Conventional VB 
structures for the cation radical cycloaddition tran- 
sition states (11, 12) suggest that methyl substitution 
at this position should enhance the rates of both DA 
and CB cycloaddition, but selective enhancement of 
DA cycloaddition is not necessarily expected. It 
appears likely that the primary factor which allows 
the DA cycloaddition to reassert its customary pre- 
dominance here is the enhancement of the s-cis con- 
former population characteristics of this diene sub- 
stitution pattern_ or more precisely, the unreactivity 
of these s-ci.r isomers engendered by the same effects 
which de-stabilize the s-cis conformer thermo- 
dynamicahy. 

In significant contrast to the results with E-1,3- 
pentadiene and 1,3-butadiene, El-acetoxy-1.3buta- 
diene (13) yields only the cyclobutane adduct 14 
(Scheme 4).” In terms of the previous theoretical 
framework, the implication appears to be that the 
acetoxy group is mildly electron withdrawing and thus 
discourages the DA cycloaddition mote than the CB 
cycloaddition. Support for this somewhat surprising 
proposal comes from the observation that l-acetoxy- 

DA AND CB CYCLOADDITION TRANSITION STATE YODELS 
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Scheme 3. DA and CB q&addition transition atate mod&. 
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Scheme 4. 

1Jcyclohexadiene is completely unreactive toward 
the aminium salt 4, wheaeas 1.3-cyclohexadiene and, 
even more, I-methyl-1,3cyclohexadiene are dimer- 
ixed extremely rapidly in the presence of 3-5 mol% of 
4. Apparently, the terminal acetoxy function elevates 
the ionization potential of.the diene, i.e. it destabilizes 
the cation radical relative to the neutral. Though 
admittedly surprising in the context of substituent 
constants and of carbocation reactions such as elec- 
trophilic aromatic substitution, destabilization by the 
acetoxy group appears to be a general and noteworthy 
feature of cation radical cycloaddition chemistry. 

The fact that both terminal and internal aIkyl sub 
stituents on a conjugated diene favor DA cycload- 
dition suggests that the latter cycloaddition mode 
should predominate with a wide variety of acyclic 
dienes. This surmixe is borne out by studies (Scheme 
5) with E,E-2,Chexadiene (18), 2,3dimethyl-1,3- 
butadiene (21). E-2-methyl-1,3-pcntadiene (23). and 
1,l’dicyclopentenyl (26), all of which yield DA 
adducts exclusively. 

The preceding inventory of dienes is characterized 
by the absence of a terminal Z (i.e. cis) substituent, a 
structural feature which, when present, is associated 
with notoriously low DA dienic activity.6 Indeed, this 
characteristics behavior extends to the cation radical 
DA, once again permitting CB cycloaddition to 
become dominant (Scheme 6). In the specific cast of 
2+dimethyl-l,3-pentadiene (33), where the 2-alkyl 
substituent effect (favoring DA cycloaddition) is 
counterpoised against the terminal Zsubstituent effect 
(favoring CB cycloaddition), a mixture of DA and CB 
cycloadditions is observed (34.35). It is of interest that 
whereas a terminal Z substituent normahy effectively 
eliminates DA cycloaddition, CB cycloaddition is 
not adversely affected. This suggests that CB cyclo- 
addition, unlike DA addition, does not require the 
s-cis diene conformer, which is so strongly disfavored 
by a Z substituent, but instead proceeds via the 
more abundant s-rrans conformer. However, if an 
additional substituent is added at the other terminus, 
both cycloaddition modes are suppressed (31, 32) 
(Scheme 6). It will be recalled (see 18, Scheme 5) that 
DA cycloaddition is not adversely affected by such a 
second terminal substituent. Evidently the CB 
cycloaddition is far more sensitive to steric effects at 
that terminal diene position undergoing primary bond 
formation in the highly non-synchronous CB cycload- 
dition than in the relatively more synchronous DA 
addition. The validity of this steric rationale is further 
supported by the observation that Cvinylanisole, 
which lacks the g-methyl substituent of 1. adds 
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smoothly to E2-methyl-2,4-hexadie (32). to give a 
CyClob~ adduct, in colltrast to the llnrca&tiy of 
1 toward’tbia name dknc. 

Thuc observation8 not only faciIitate the dwel- 
opmcnt of synthetic strategies to favor either DA or 
CB q&addition, aa “.y be d&red, but also strongly 
sug@ that mazbawb&y the two cycloaddition 
paths (DA and CB) are quite dkete, not sharing a 
common bond initiation step or a common acyclic, 
open cation/radical inermcdiatc, in excellent accord 
with theory. 

EXPERIMENTAL 

Iiwnanen~im~. Rqutine ‘H- and “GNMR spectra were 
recorded on Varian EM 390 and FT-8OA spectrometers, 
nxpcctivcly.All.9am&swcredis#ohrcdinCDCl,.Allchl?mi- 
calshifIsandcouplingconstants(J)arcreportedinppm 
(relative to a TMS reference) and hertz, mapcctively. ‘H- 
NMR data are reported aa follows: chemical shifl (mul- 
tiplicity, intc@atiot& axlplillg co_). Oas chtxnnato- 
graphic (GC) analyses were performed with a Gowmac 
series 55OP insrnrmcnt equipped with a thcmtal condue 
tivity dctaztor and a 4 hx l/8 in. stainleas steel column 
packed with OV-I on Chromoaorb P (AW, DMCS, 80- 
100 mesh) in conjunction with a Hewlett-Packard 3390A 
integrator. clas chromatogni~ spectra (GCMS) data 
wercrccordedwithaFinnigan4023maaaspectrometerwith 
a50mDBI(0.25~film)capillrvycohrmnPnd~prc- 
scntcd as m/e (% rcl. i&n&y). The GC and GCMS analysw 
were performed with helium as the carrier gas. High res- 
olution mass spaztra were obtained with a Dupont (CF!C) 
21-l 10 mass apaztfometcr. 

Chemicak, muferials d rechniqucr. Unlu3 othcn& noted, 
chemkah mrt obtained from Aldrich Chcmkal Co., MiL 
waukec, WI and wex used without further purifkation. RJXO 
tionswerccankdolltindrydichiorwI&ane (DCM;distiM 
from P,OJ. Tris(4-bromophmyl)um hexachloroanti- 
mollatc(aminiumsalt)waswashcdthomughlywithanhydetbcr 
and then dried in wlcuo prior to use. Typically, a 50 mol% (I&I- 
tivc to the limiting rcagent-u6uaUy tie- 1, or 4 
vinylanisok)DCMsolnofthcaminiumsaltwasaddcdvia 
syringe as rapidly as possibk to a cookd (00). magnctka& 
stirred DCM soln containing 60 mol% 2,6di+butyipyridine 
(DTBP) and an appropriate ratio of some hydroavbon diene 
to 1 or Cvinylani6ok. Usually after no more t&an 10 min. 
the reaction was quenched by the addition ofa sat mcthanolic 
soin of K&O, (the quenched mixture was typically pale 
yellow in contrast to the blw color &ted with some 
cation radkala and the aminium salt). The resulting mixture 
was then diluted with pentane (34 vohlmcs). 0ltcrcd. washed 
with water then brine, dried by pas&g the win through 
cotton, and concentrated on a rotary evaporator. The rc+ 
iduc was decanted from any pracipitated tris&brotno- 
phcnyl)amine (TBPA) and was then pnrifkd by either 
wlumn chromatography (silica gel, 6&m me&) or thick 
layer chromatography @ilka gel, 2000 p ; Analtech) oRen 
followal by distillation. With the usual 5 : 1 Skelly B/benzene 
solvent system, the order of cbtion during chromatographic 
separations was TBPA, DTBP, hydrocarbon dkne and 
cross addncts, cross edducta from 1 or Cvinyhnisole and 
hydrocarbon dicncs, dimcn of 1 or 4-vinybnisole, then 
unidentified oligomcrs (major by-products). 

Generalprocedure. To an oven dried 25 ml round bottom 
flask equipped with a magnetic stir bar was addal 193.4 mg 
(1.305 mmol) of 1, 439.5 mg (6.452 mmol) of *u/u-piper- 
ykne. and 151.5 mg (0.74 mmol) DTBP in 6 ml of DCM. 

After cooling the stirred solh to 0”. 512.4 mg (0.63 mmol) of 
theaminiumsllltparMydis&odin6miofDCMwcrc 
addl!dvia~gsasn@dlyMpoaibk.Altcr10min.a& 
qnotsofaratmcthrnolicK~,solnhn~rmtilaLight 
amberwlorpc&tcd.Thecrudc mixturcwastranaferrcdto 
adcanBuL,dilutedwith75mlof~~,aadallo~u, 
strnduntilallthcTBPA~precipitatad(cp5m).Tbrsolo 
wasEitcr+iintoaaeparatoryhmPelandwashedwithan 
equal vohm~ of brine. Tk 4uwu11 wash was &nxtcd with 
2x5OmlpDrtionsofpcntane.Theamtbiuedatractswere 
filtered through wtton and then wncentratai with *rotary 
evaporator. To the crude product was addod 4-5 ml of 
pcntanc, thereby precipitating more ‘fBPA. The liquor was 
thendccantedandtheremain@ didwwhaiwith2x5d 
portions of pentanc. The combined liquor and waahca were 
wnozntratcd to a volume of 3 ml. Thick layer chre 
matography facilitated the isolation of crude product 
(& = 0.4) which still contained rmrll amounte of TBPA ( 'H- 
NMR). DiatilMon (12>130”, I Torr) pfforded 130.3 mg 
(0.602 mmol, 42%) of 8 as a ckar wlork~ oil: GCMS 
ahowedtwopsaksinalO:lratiohavineidcnticPlmaap 
spectra: 216(M+). 148(100); ‘H-NMR &0.7(d. 3H,6),0.76 
(d, 3H. 6), MO-I.95 (m, IH), 1.98-2.50 (tn. 3H), 2.5-2.8 (dd, 
IH), 3.72 (I, 3H). 5.68 (bs, 2H). 6.79 (d, 2H. 9). 7.17 (d, W, 
9); “GNMR b (major isomer) 16.82, 20.58, 26.59, 34.80, 
35.57,50.59.55.14, 113.31 (2C), 125.12, 130.12(2C). 133.51, 
135.46, 157.73; talc for C,,H200: 216.151406; meas: 
216.150682. 

Synthesic of q4-mehoxyphellylp-melhylcyclohexene (5) 
and l_er~y~-2-(~-mct~hoxyphenyC)-3_metl?vl(6) 

The gcncd procedure WBB followed except that DTBP 
was omitted. In addition, only 21.6 mol% of the aminium 
salt and a w excess of 1.3-butadirne (Pfaltz and Bauer, 
99%). co 7 ml (condenxd at -300). were used. Cohmm 
chromatography followed by distiUation (90-120”. 1 Torr) 
afforded 4048 mg (2.00 mmol, 35.2%) of a clear. wlorlau, 
viscousoilwhichw~al:Imixturcoftwocompo~ts 
(CJC):GCMSshowcdthatthetwopeakshadidcnticalmass 
spactra exapt for the intcnsitka of tk parent ions : cyclohex- 
cflc:202(M+), 148(100).cyclobulanc:202(M+), 148(100); 
1H-NMR6(q0.7(d,3H,6). 1.2-1.63(m, lH).222(r~4H), 
2.67 (m, IH), 3.75 (s, 3H), 5.72 (s. 2H), 6.85 (d, 2H. 9). 7.13 
Id. 2H. 9): (6) 1.12 (6 3H. 6). 1.95 (m. 3H). 2.22 (m. 3H). 
i.67 (m, i@. 3.75 (s; jH), 5.7-6.2.2 (& .IH);6.85 (& ZH, 9>. 
7.19 (d, 2H, 9); “C-NMR 6 (5 and 6) 20.27, 20.66, 32.96, 
33.73, 34.94, 35.05, 35.20, 43.57, 47.08, 54.06, 55.02 (2Q 
113.12,113.76(4C), 126.71.126.87.127.52(2C), 128.44(2c), 
135.84, 138.10, 141.78, 157.92, 158.10; cak for C,,H,,O: 
202.135757; nxas: 202.136310. 

Sjwhesis of 1,5_dinuthyi~4’-nuthoxypln?yl)cyclohcK 
(10) 

The gcauxd proadurc was followed cxa?pt for a 9.85 : 1 
iaoprme/l ratio and an 8 min reaction time. Thick law 
chromatography afforded 60.3 mg (0.28 mmol. 21.8%) of a 
ckar, pale yellow oil: GCMS rcycaldd only one product 
peak: 216 (M+), 148 (100); ‘H-NMR 6 0.7 (d, 3H. a), 1.26 
(m, IH), 1.66 (s, 3H), 1.91-2.5 (m, 5H). 3.76 (s. 3H), 5.46 
(lx, IH), 6.84 (d, 2H. 9), 8.2 (d. 2H. 9); “C-NMR d 20.25, 
23.36, 34.02, 35.29, 39.92.47.02, 55.19, 113.76 (2Q 120.94, 
128.51 (ZC). 133.77, 138.22, 157.85; talc for C1f1200: 
216.151406; mc~s: 216.151707. 

synrhesis of 4-(~-mrf~~~y~3,5,~tr~thylcycl~ 
hexenes : ( f )-4S,3S,SS,6R-(19) ad (~)4!?,3R,5S#-(20) 

A 2.86 E&2.4-hcxadiene (18)/l ratio MI mploycd with 
theusuolprocadlue~otdingupon~tion(l15-140”. 1 
TOIT) 303.9 mg (1.32 mmol, 42%) of a 1: I (oc) mixture of 
isomcrs19aadaO;GcMSshow~two~withidentical 
spectra: 230 (M+), 148 (100); ‘H-NMR (19 and 20) 6 0.5- 
1.23 (m, 9H). 1.23-2.5 (m, 3H). 2.71 (dd, IH. 5 and 6), 3.7 
(s. 3H). 5.62 (m, 2H), 6.83 (6 2H. 9), 7.18 (d, W, 9); “C- 
NMR (19 and 20) d 15.31, 16.89. 17.35, 18.31,20.28,20.69, 
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33.25, 35.31, 36.37, 36.73, 39.22, 39.51. 49.18, 50.56, 55.15 
(2C), 113.30 (2Cj, 113.59 (2C), 129.18 (2C), 130.19 (2C). 
131.78, 131.%, 132.43, 132.60, 135.64 136.96, 157.70, 
157.84; cslc for C&,0: 230.167055; meas: 230.166614. 

Synthed of (~)4~~-nuthoxy~nyI>1~,5S-/ninctkyl- 
cyclohexate (22) 

A 2.95: 1 ratio of Zl/l used with the usual procedure 
afforded afbr ~to~phy 173.3 (0.752 -01, mg 
55.2%) of liquid 22: GCMS showed one peak: 230 (M+), 
I48 (100); ‘H-NMR d 0.7 (d, 3H, 6). 1.62 (s, 6H), 1.7-2.6 
(m, 6H), 3.78 (s, 3H). 6.75 (d, W, 9), 7.12 (d, 2H, 9); “C- 
NMR d 18.66 (2C), 20.02, 34.33,41.?1,41.86,4?.90, 55.18, 
113.78(X), 125.29,125.47(2C),l28.4?, 138.24,lS7.85;cak 
for C,&lO: 230.167055; mm: 230.166395. 

Synthuir i$ ( f ) 1,3S,5S-trimethyl- 
cycidwxene (U) and ( f ~S-(~-~~xy~~-l,3R,B- 
trimethybdohane (25) 

I&&xi, after cb&&tography 123.6 mg (0.54 mmol, 
42%)ofa5.4:1 mixtum(~of24/25ftsmtbcrcactionof 
a I .oi ratio ofdiclw 23/l :‘Gcirls &wed two product pcixks 
witb identical spectra: 230 @I+), 148 (100); ‘H-NMR (24) 
6 0.71 (d, 3H, 6). 0.85 (d, 3H, 6), 1.67 (d, JH), l&-2.45 (m, 
4H), 2.6 (dd, lH, 5 and 6). 3.89 (s, 3H), 5.46 (bs, Hi), 6.84 
(d, 2H, 9). 7.09 (d, ZH, 9); “C-NMR (24) d 16.95,20.5?, 
23.41, 26.86, 35.72, 39.73, 50.13, 50.44, 113.25, 127.75, 
130.10, 132.09, 135.54, 157.66; c&c for C,&l,,O: 
230.167055; meas: 230.1663%. 

A 0.57 ratio of I. I ‘dicyclopcnteoyl/l was reacted in the 
usual tier to afford after column chromatography, 
removal of most of unxeactcd 1 (120“. 1 Torr), and thick 
layer ~~~~phy. 142.4 mg of material which by GC 
c&u&cd ;jf 84.2% 2’7+28 and 15.8% I. Thus. 117.34 m 
(0.42 mmoi, 16%) of2?+28wcreactu&y obtai&l: GCMS 
show& two product pcnks in a 4.88 ratio (27/?B) with i&M- 
ical mass spectra: 282 (hi+), 148 (100). ‘H-NMR (27) d 0.85 
(6 3H, 6). 0.&31 (m, 16H), 3.72 (8,3H), 6.8 (d, W, 9). 7.92 
(d, 2H, 9); “GNMR (27) 6 18.43,22.74,24.83,27.33,29.46, 
30.25, 33.46, 37.80, 46.38, 49.46, 50.36, 55.04, 113.33 (20, 
129.47 (2C), 134.19 (x), 136.49.157.63; talc for C&I-I&: 
282.198354; meas: 282.198988. 

In the usual procedure, a 2.006 ratio of 2.9/l was reacted 
afford&t. after column chromatonraphy and distillation, 
236.2 Gil .03 mmol, 34.4%) of a cl&odlorlesa oil : GCMS 
showcdoneueak: 188&P -42). 148 (100): ‘H-TVh4Rd 1.1 
(d, 3H, 6), 1.5 (a, 3H), i.65 (s, 3fi), 2.3im,‘&). 2.3 (m, 2H), 
2.60 (t, IH, 9), 2.9 (quintet, lH, 9). 3.75 (s, 3H), 5.2 (d, lH, 
Q), 6.8 (d, 2H, Q), 7.2 (d, ZH, 9); “C-NMR d 18.25, 20.69, 
25.64, 34.52, 35.39, 39.03, 55.13, 55.42, 113.67, 127.46, 
129.53, 131.13, 136.42, 157.94; talc for C,&IIIO: 
230.167055; meas: 230.167271. 

Attempted te5ction belween 1 lznd 2E,42-hexadiene (31) 
The ratio of 31/l was 9.56 (31: 97% Ej! and 3% E,h’ by 

GCMS; Albany In~tio~). No DTBP and only 16.7 
mol% of the aminium dt was employed. C&mm cbro- 
matography folIowed by di&lation (11~MO*, 1 Torr) 
afforded 525.9 mp (2.28 mmol, 39.22%) of a ckar viscous 
oil which coti of two isomcric prod- which were 
idmtical in all mspccta (‘H- and “C-NMR, CiCMS) to 
adducts 19 and 20. 

Attempted readon off with 2-mt~yl-2,4E-hex&me (32) 
Followinp the umnl prcu&rc, a 2.87 32/l rat& a&rded 

mainly the dimcr of 1 and a ttaa of a probablcqcicadducf : 
GCMSshowedoneadductpeak: 244(hi’). 148(lOO);the 
fragmentatido pattem waa typical of knowIl cycloadducts. 

With the usual mctbod, a 1.52 33 @&Em6tbyi-lJ-pca- 
@iate) : I ratio laordcd s 7/2 @y ‘H-NMR ; o&&tic region) 
mixture of isomer& prodlEts wbicb was isolated vi8 thick 
layer chromatography as a clear viscous oil : GCM showed 
only onep~oductpeak: 244(M+), 148 (100); ‘H-NMR(34) 
6 0.7 (d, 3H, 5). 0.72 (s, 3H), 0.78 (9 3H), 1.62 (s, 3H), l.?O- 
2.30 (m, 4H), 3.85 (s, 3H), 5.21 (s, 1H). 6.82 (d, 2H. 9). 7.09 
(d, 2H. 9) ; (35 : clearly a@nabic signah) 6 1 .OQ (d. 3H, 6), 
1.52 (s, 3H), 1.62 (s, 3H). 5.45 (s, 1H); “C-NhiR (34) 6 
20.81.23.35, 24.?8,26.14,23.8?, 30.05,40.65, 55.15.57.62, 
112.90, 113.61, 130.33, 133.45, 135.27, 157.97; cak for 
C,,H1,O: 244.182704; mcas: 244.183241. 

Following the usual procedurv, a 2.80 dicne (Jz)/Mnyl- 
anisolc ratio afforded, after thick layer chromatography and 
distibtion. 58.3 mg (0.253 mmol28%) of a clear colorleus 
oil : GCMS showeioile significant prod- peak : 230 (hi l 1, 
134 (100). ‘H-NMR d 1.09 (d, 3H, a), 1.41-3.15 (m, SH), 
1.66 (s, 3H), 1.71 (s, 3H). 3.76 (s, 3H), 5.22 (d. lH, 9). 6.72 
(d, 2H, Q), 7.12 (d, 2H. 9); “CNMR 6 18.43, 20.41,25.?9. 
34.34. 34.95. 43.57. 50.98. 55.21.’ 113.61. 127.34. 128.73. 
131.?8,13?.!i2,15?.~9;calciorC,~,,0:2~.1670~5;mcPs~ 
230.166614. 
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