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p-QuinodimethanegpfQDMSs) are reactive molecules that have been invoked as transient intermediates
in a number of reactions. Dilute solutions of benzene-bas@®Ms, p-xylylene (), a-methylp-xylylene
(10), and 2,5-dimethyp-xylylene (11) can be prepared by fluoride-induced elimination of trimethylsilyl
acetate from the appropriate precursor. It has been found that these solutions are stable enough to allow
these reactivp-QDMs to be observed b{H NMR spectroscopy at room temperature. For the first time,
the'3C NMR spectrum of-QDM 1 was observed. After several hours at room temperature, tHeMs

form dimers, trimers, and insoluble oligomers. Formation of trimers provides evidencgg-@@aMs 1,
10, and11 dimerize by a stepwise mechanism involving dimeric diradicals as intermediates.

Introduction In addition to polyp-xylylene @), [2.2]paracyclophane, dimer
3,46 and [2.2.2]paracyclophane, trim&p-® were also isolated
p-QuinodimethanesptQDMs), a class of compounds also  from the pyrolysis ofp-xylene.
known as Chichibabin hydrocarbohsre reactive molecules
that have been invoked as transient intermediates in a number

(1) Errede, L. A.; Szwarc, MQ. Re.., Chem. Soc1958 12, 301.

of reactionsp-Xylylene (1), the parent benzene-base@DM, () (a) Szwarc, MDiscuss. Faraday Sod947, 2, 46. (b) Szwarc, MJ.

was first proposed by Szwarc as an intermediate in the pyrolysis Chem. Phys1948 16, 128. (c) Szwarc, MJ. Polym. Sci1951 6, 319.

of pxylene that yielded polyp-xylylene @),2 a commercially (3) (@) Gorham, W. F. InEncyclopedia of Polymer Science and

important polvme? Technology Gaylord, N. G., Bikales, N., Eds.; Wiley-Interscience: New
P poly : York, 1971; Vol. 15, pp 98113. (b) Niegish, W. D. InEncyclopedia

of Polymer Science and Technolodyaylord, N. G., Bikales, N., Eds.;
Wiley-Interscience: New York, 1971; Vol. 15, pp 11324. (c) Lee, S.
o M. In Kirk-Othmer Encyclopedia of Chemical Technologdtd ed.;
__1000°C _ . CHz@CHz Wiley: New York, 1983; Vol. 24, pp 744771. (d) Beach W. F.; Lee,
-Hz C.; Bassett, D. R.; Austin, T. M.; Olson, R. Bncyclopedia of Polymer
n Science and Engineerin@nd ed.; Wiley: New York, 1989; Vol. 17, p
990.
1 2 (4) (a) Brown, C. J.; Farthing, A. Qlature1949 164, 915. (b) Farthing,
A. C. J. Chem. Socl953 3261.
(5) Auspos, L. A.; Burnam, C. W.; Hall, L. A. R.; Hubbard, J. K.; Kirk,
T Current address: Department of Chemistry, Missouri Western State Wm., Jr.; Schaefgen, J. R.; Speck, S.JBPolym. Sci1955 15, 19.
University, Saint Joseph, MO 64507-2294. (6) Schaefgen, J. Rl. Polym. Sci1955 15, 203.
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Errede and co-workers were able to prepare solutiops@bM

1 at —78 °C by dissolving thep-xylene pyrolysate in a cold,
well-stirred solvent;” and they observed that dim8r trimer

4, and a tetramer were produced if dilute solutiong@)DM

1 were warmed from-78 °C to room temperaturé Gorham
found that heating dimeB in the gas phase formed what he
suspected to bp-QDM 1, and when this vapor was allowed to
condense on a cool surface, it formed a polyfhér.was
proposed that dime3, trimer 4, and the polymer op-QDM 1
(2) were formed via an initially formed dimeric diradict! 6810
two molecules ofl would combine to form diradicéd, which
could close to form dimeB or react with another molecule of
1 to form trimeric diradicab, which could close to form trimer
4 or go on to polymer.

Over the past several years our group has studied the

mechanism of oligomerization of other and p-QDMs, in-
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furan-baseg-QDM and thiophene-basgdQDM form trimers,
and this provides firm evidence for the existence of dimeric
diradicals as intermediaté3. Further evidence of dimeric
diradicals is the formation of a mixed trimer when a solution
of the furan-based and the thiophene-bage@DMs was
allowed to react®

Ito et al. used a fluoride-induced 1,6-elimination of trimeth-
ylsilyl iodide and trimethylamine from g-((trimethylsilyl)-
methyl)benzyl]trimethylammonium iodid&#) to yield dimer
3 and polymer2.16 o-Xylylene (8) also can be generated by a
fluoride-induced 1,4-elimination of trimethylsilyl iodide and
trimethylamine from ¢-((trimethylsilyl)methyl)benzyl]trimeth-
ylammonium iodide 7b).1718 0-QDM 8 rapidly dimerizes to
[4 + 2] dimer 9a and [4 + 4] dimer 9b in a ratio of 11:1,
and these dimers are thought to arise from a diradical inter-
mediatel’ 19

N(CHz3)sl

-
CH3CN, 25 °C

17— 3+ *{CHZOCHZ%
n
2

T™MS

7a

N(CHgz)al

-
CHACN, 25 °C Ci
T™MS
8
.
9a 9b

To more fully characterize benzene-bage@®DMs and to
study their oligomerization in some detail, we developed a pro-

7b

cluding ones based on furan or on thiophene. Studies of thec@dure that allows the preparation of dilute solutiond o,

dimerizatiot! of furan-base-QDMs, including ones substi-
tuted with deuterium atorandtert-butyl groupst® support a

and11 at room temperature. Under these conditions, these reac-
tive molecules are long-lived enough that tH&irNMR spectra

stepwise mechanism involving diradicals at the 2-methylene ¢@n be observed and their oligomerization can be followed by

groups.a-Methyl furan-based-QDM* anda-methyl thiophene-
basedp-QDM?!® were both found to form acyclic dimers. Their
formation is reasonably explained by intramolecular dispropor-
tionation of dimeric diradicals. Upon standing, solutions of

(7) () Errede, L. A.; Landrum, B. RJ. Am. Chem. Socl957, 79,
4952. (b) Errede, L. A.; Hoyt, J. Ml. Am. Chem. S0d.96Q 82, 436.

(8) (@) Errede, L. A.; Cassidy, J. B. Am. Chem. Socl96Q 82,
3653. (b) Errede, L. A.; Gregorian, R. S.; Hoyt, J. 31.Am. Chem. Soc.
196Q 82, 5218.

(9) Gorham, W. F.J. Polym. Sci., Part A: Polym. Chem96§ 4,
3027.

(10) Reich, H. J.; Cram, D. J. Am. Chem. S0d.969 91, 3517.

(11) Trahanovsky, W. S.; Cassady, T. J.; Woods, TJLAmM. Chem.
Soc.1981, 103 6691.

(12) Chou, C.-H.; Trahanovsky, W. 8. Am. Chem. Sod 986 108,
4138.

(13) Trahanovsky, W. S.; Huang, Y.-c. J.; Leung, MJ3kOrg. Chem.
1994 59, 2594.

(14) (a) Leung, M.-k.; Trahanovsky, W. $.Am. Chem. S04995 117,
841. (b) Leung, M.-k. Ph.D. Dissertation, lowa State University, Ames,
1A, 1991.

(15) (a) Trahanovsky, W. S.; Miller, D. L.; Wang, LJ. Org. Chem
1997 62, 8980. (b) Wang, L. M.S. Thesis, lowa State University, Ames,
1A, 1994.

IH NMR. The results of this study are presented in this article.
E |
1 10 1

p-Xylylene (1) Oligomerization Studies p-Xylylene (1) was
prepared as a dilute solution in @ON (ca. 102 M) by the
fluoride-induced eliminatioH of trimethylsilyl acetate from
[p-((trimethylsilyl)methyl)phenyl]methyl acetatd %).

Results

(16) Ito, Y.; Miyata, S.; Nakatsuka, M.; Saegusa,JTOrg. Chem1981,
46, 1043.

(17) (a) Trahanovsky, W. S.; Macias, J. R. Am. Chem. Socl986
108 6820. (b) Trahanovsky, W. S.; Chou, C.-H.; Fischer, D. R.; Gerstein,
B. C.J. Am. Chem. S0d.988 110, 6579.

(18) Segura, J. L.; Mary, N. Chem. Re. 1999 99, 3199.

(19) Errede, L. AJ. Am. Chem. S0d.961, 83, 949.
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FIGURE 1. 'H NMR spectrum (400 MHz, CECN) of reaction progress gi-xylylene (1) in partially degassed GICN. Upfield signals are
masked by the TBAF.3, 4, and12 are compound numbers given in the tdxtinternal standard, naphthalem; methylene chlorideA: oxygen

adducts.)

\n,O

@)

12

T™MS

F~, CD3CN
Room Temperature

1

The product mixture that forms from the solutionmQDM
1 varies based on the care taken to exclude oxygen (Table 1).
Under standard freezgpump—thaw degassing conditions, dimer
3 and trimer4 were observed byH NMR spectroscopy and
confirmed after extraction by mass spectroscopy. Insoluble ma-
terial formed in the reaction tube and is believed to be higher

oligomers. ThetH NMR spectrum showed signals nea#.5
Naphthalene was used as an internal standard to determine thénat appear to be oxygen adducts which were compared to the

y|8|d of products. Due to the Stabl'lty of this dilute SOlUtiOﬂ, 1H NMR spectrum of the oxygen adducts prepared in an
we were able to obtain thtH NMR spectrum (Figure 1) at oxygenated solvent.

room temperaturé whereas the previously reported spectra

were obtained at about80 °C.2! By studying the'H NMR Partialy
spectrum over time, we were able to estimate the first half-life g%iscsﬁ

for the disappearance @cQDM 1 to be approximately 4 h.

With a more concentrated solution pfQDM 1 (~1072 M)

and reduced temperature40 °C), al3C NMR spectrum (Figure

2) of p-QDM 1 (6 140.3 [C], 129.9 [CH], and 115.5 [GH} 1
was obtained. The assignments of these peaks are based on their
decrease of intensity with time and HMQC spectrum (see

Figures S-17 to S-19 in the Supporting Information). e

Oligomers

+ Oxygen
Adducts

O :

(20) Compoundl was observed by UV spectroscopy at room temper- O

ature. See: Kaupp, GAngew. Chem., Int. Ed. Engl976 15, 442. 3

.
4
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FIGURE 2. ®C NMR spectrum (100 MHz, CEZN) of p-xylylene (1) with Cr(acac). (3, 4, and12 are compound numbers given in the text, and
the large signal is solvent.)

TABLE 1. Yields of [2.2]Paracyclophane (3) and SCHEME 1
[2.2.2]Paracyclophane (4) fromp-Xylylene (1)

umoll umol3 %yield umol4d %yield oxygen adducts
1.12  0.077 14 0.00015 0.04 present
1% 011 15 0.025 5 present

1. 0.23 35 0.031 7 trace
aResults ofp-xylylene 1 in partially degassed GIEN. P Result of 21a, Ry=Me, Rz
p-xylylene 1 in deoxygenated CECN. 21b,Ry=H, Ry =

When p-QDM 1 was prepared in a solution that was / A/I/ \

rigorously freed of oxygen, its product mixture contained dimer

3, trimer 4, and what appear to be insoluble oligomers of N
p-QDM 1 (Table 1). The!H NMR spectrum of this mixture O
did not contain signals at 4.5 (see Figure S-26 in the

Supporting Information).

(14.9%)

Deoxygenated (7. 0%
CDsCN Insoluble 14a, Ri=Me, Ry = H 16a, R1=Me, R, =H 15a, R1=R3= Me, R=R4 = H
1 3+ 4+ i 14b, R1=H, Rz = Me 16b, R1=H, Rz = M 15b, R1=R3= H, Rz=R4 = Me
Oligomers » =R 2= ,R1=H, Rz =Me 1=Rg3; 2=R4 =

The ™H NMR spectrum ofp-QDM 10 was also obtained at
attempt to obtain additional evidence for dimeric diradical room ter_nptcra]rature. Al\s ;"V'th the ![)aglent fs]:ys'ier\?\/,hthe prtlast(_ance Off
intermediates, the methyl derivative;methylp-xylylene (L0) OXygen in Iné sampie has a notable eflect. en solutions o
was studied. A dilute solution (18 M) of p-QDM 10 was P-QDM 10 are prepared in the partially degasse_d_chSl and
prepared by a similar fluoride-induced elimination frompt-[ analyzed byH NMR spectroscopy, oxygen-containing products

: : are observed with trace amounts of cyclic dime4sand cyclic
((trimethylsilyhmethylphenyljethyl acetatd §). trimers 15. When samples op-QDM 10 were prepared with

more care to exclude oxygen, the products are cyclic dimers

a-Methyl- p-xylylene (10) Oligomerization Studies.n an

o
W | 14 (14.9% yield), cyclic trimerd5 (7.0% yield), trace amounts
° F~, CDsCN of oxygen adducts, and insoluble oligomers (Scheme 1). Several
Room Temperature of the signals in théH NMR spectrum (Figure 3) of the product
TMS (21) Williams, D. J.; Pearson, J. M.; Levy, M. Am. Chem. Sod.97Q
13 10 92, 1436.

J. Org. ChemVol. 71, No. 5, 2006 1787
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FIGURE 3. 'H NMR spectrum (400 MHz, CELCN) of reaction progress ak-methylp-xylylene (0) in partially degassed GBN. (13 is a
compound number given in the tex¥: oxygen adducts,: internal standard, naphthalerd; methylene chloride.)

mixture can be assigned to dimers and trimers based on thehead dimerl8 (7.7% yield) and head-to-tail dime® (7.3%
similarity of these signals to those of the dimer and trimer of yield) along with a trace (1.3% yield) of trime20a were
p-QDM 1. Because the two regioisomeric diméd#aand14b identified by IH NMR spectroscopy (see Figure S-61 in the
each have two diastereoisomers and the two regioisomericSupporting Information for expansion &0a signals) and
trimers 15a and 15b have four and two diastereocisomers, GC/MS. The trimer was identified as the unsymmetrical trimer
respectively, it is difficult to interpret if the reaction was 20a rather than the symmetrical trim&0b by its IH NMR
regioselective. The reaction was repeated on a larger scale inspectrum, which shows three signals for aromatic hydrogens
CH3CN. The product mixture was extracted with pentane, and rather than just one, as expected for trir@@b. Only one trimer

the pentane extract was analyzed by GC/MS andrbjNMR was found in the GC/MS of the product mixture.
spectroscopy. Three isomers of diméssand four isomers of

trimers 15 were identified in the extract by GC/MS (yields of DF;ar;i:élgd
each are given in the Experimental Section). We did not observe CgD3CN

any evidence of acyclic dimer6 by GC/MS orH NMR
spectroscopy (Figure 4).

2,6-Dimethyl-p-xylylene (11) Oligomerization Studies A 1
fluoride-induced elimination of trimethylsilyl acetate from [3,5-
dimethyl-4-((trimethylsilyl)methyl)phenyl]methyl acetat&7) O
yielded 2,6-dimethyp-xylylene (L1). O Q
CH,;0Ac M . - O + Insoluble
Oligomers
TBAF, CD;CN
Room Temperature O Q R O
2
™S , Re
17 1 18 (7.7%) 19 (7.3%) 20a: Ry=Me, Ry=H (1.3%)

20b: Ry=H, R;=Me (none)
TheH NMR spectrum ofp-QDM 8 was obtained in partially
degassed CECN at room temperature (Figure 5). Upon stand-  p-Xylylene (1) and 2,6-Dimethylp-xylylene (11) Co-Oli-
ing, a small amount of insoluble material (which we believe is gomerization Studies.A mixture of p-QDMs 1 and 11 was
higher oligomers) formed. Nearly equal amounts of head-to- prepared by fluoride-induced eliminations from their respective

1788 J. Org. Chem.Vol. 71, No. 5, 2006
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FIGURE 4. H NMR spectrum (400 MHz, CECN) of pentane extraction of product mixture afmethylp-xylylene (0) in deoxygenated
CHsCN. (14 and 15 [each are several steroisomers] are compound numbers given in thé teskygen adducts.)

acetatesl2 and 17. The'H NMR spectrum (Figure 6) of the
mixture clearly shows the ratio gi-QDMs 1 to 11 as being
nearly 1 to 2. Upon standing:xylylene dimer3 (8.4% yield),
mixed dimer21 (24% yield), head-to-head dimd8 (15%
yield), head-to-tail dimef9 (12% yield), and insoluble oligo-
mers were formed. We did not observe ¥y NMR spectros-
copy or GC/MS any evidence for significant amounts of trimers.

+
1 1
+.+ +
3 21 18

(8.4%)

Partially
Degassed

CDsCN

—_—

19

(24%) (15%) (12%)

Discussion

p-Xylylene (1) Oligomerization Studies. The fluoride-
induced elimination of trimethylsilyl acetate has proven to be
an effective and mild means of preparip§dDMs. Under these
mild conditions, p-xylylene (1) can be prepared as a dilute

solution that persists for several hours at room temperature. Over

a period of several hours, dim&; trimer 4, and insoluble
materials are formed fronl. In contrast to the pyrolysis

preparations, reaction products are free of side products resulting
from the pyrolysis of oligomers.

Two pathways could form dimeB: a concerted [6+ 6]
cycloaddition of two molecules gf-QDM 1 or formation of
an initial dimeric diradicaP followed by closure of the diradical.

It would be very difficult to bring together two molecules of
p-QDM 1 in a supra-antara orientation because of the rigid
six-membered rings, and the supiupra concerteds6+ 6z
cycloaddition would be expected to be forbidden by the
Woodward-Hoffmann Rule$? Formation of trimer at room
temperature is consistent with the trapping of diradisaly a
molecule ofp-QDM 1. Since dimeB does not open to diradical

5 at room temperature,formation of dimer3 must be stepwise,
not concerted (Scheme 2).

Zwitterionic Intermediates. An alternative to the stepwise
diradical mechanism is a stepwise mechanism involving zwit-
terionic intermediat®2.24 It is known that reactions involving
zwitterionic intermediates are sensitive to changes in solvent
polarity?> Although acetonitriled; was the only solvent used
in this study, solutions op-QDM 1 in hexane, prepared from
the pyrolysis ofp-xylene, are known to form a trace amount of
dimer 3.8 There is no evidence of products resulting from the
zwitterionic intermediates reacting with the solvent. The furan-

(22) Carey, F. A.; Sundberg, R. Bdvanced Organic Chemistryith
ed.; Kluwer Academic/Plenum Publishers: New York, 2000; pp-63&L.

(23) Reich and CraMi found that, at 200C, dimer3 opens to diradical
2, which could be in turn trapped with dimethyl maleate or dimethyl
fumarate. The formation of diradic& was supported by the loss of the
stereochemistry of the original diesters in their addiftts.

(24) Gompper, RAngew. Chem., Int. Ed. Engl969 8, 312.

(25) (a) DeCock, C.; Piettre, S.; Lahousse, F.; Janovsek, Z.;dere
R.; Viehe, H. G.Tetrahedron1985 41, 4183. (b) Proskow, S.; Simmons,
H. E.; Cairns, T. LJ. Am. Chem. Sod.966 88, 5254.
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FIGURE 5. H NMR spectrum (400 MHz, CECN) of reaction progress of 2,6-dimethgixylylene (L1) in partially degassed GICN. (17, 18,
19, and20a are compound numbers given in the text.internal standard, naphthalerdd; methylene chloride.)

based-QDM is thought to dimerize by a diradical intermediate supports the existence of a dimeric diradizal The formation
rather than a zwitterionic intermediate because it exhibited no of acyclic dimer16, the analogues of which were present in
change in rate of dimerization when the polarity of solvent was thea-methyl thiophene-basgeQDM anda-methyl furan-based
changed? 0-QDM product mixtures, would have been strong evidence for
a dimeric diradicalR3. A possible explanation for the lack of
formation of acyclic dimei6 is that it is too difficult to form

( CH,  Cha
( J the conformation needed for intramolecular disproportionation
\) 7%’ O O of dimeric diradicals with benzene-baspd)DMs.
L P 2,6-Dimethylp-xylylene (11) Oligomerization Studies2,6-
1 1 22

Dimethylp-xylylene @1) has a half-life similar to that of
p-xylylene (1) under comparable conditions. The flanking

Further evidence against a zwitterionic intermediate is that Methyl groups do not appear to reduce the reactivigy- QDM
unsymmetricalp-QDM 10 forms both head-to-heaté4a and 1; Dimers 18 ar]d 19 were forme.d |n.nea.1rly _equal amounts.
head-to-taill4b dimers. Unsymmetrical molecules that dimerize Dimer 18 can arise from either dimeric diradica#a or 24b,
by zwitterionic intermediates often form head-to-tail dimers. It Whereas dimed9 can only be formed from dimeric diradical
has been proposed that this occurs because the positive end of4¢ (Scheme 3). With its two flanking methyl groups, 2,6-
one molecule would be expected to attack the negative end ofdimethylp-xylylene (11) has one exocyclic methylene that is
the other® sterically hindered. This could have limited the possible di-

a-Methyl- pxylylene (10) Oligomerization Studiesa-Methyl- meric diradicals that could form to the tail-to-tail diradi@da
p-xylylene (10) has a half-life slightly longer than that of because head-to-head diradi@dlb and head-to-tail diradical
p-xylylene (1) under comparable conditions. The slightly 24cwould have too much steric hindrance to form. Since dimers
decreased reactivity gf-QDM 10 can be explained by the 18 and 19 were formed in nearly equal amounts, the steric
reduced reactivity caused by the steric hindrance oéitheethy! hindrance of the two methyl groups must be minimal. Trimer
being nearly offset by the increased reactivity of the other 20awas observed byH NMR spectroscopy and GC/MS, but
o-position because the resulting diradical is more substituted evidence for trime20b was not found. Trime20b can only
and therefore more stabl#d NMR spectroscopy and GC/MS  be formed from dimeric diradical4c whereas trimeR0acan
analysis confirmed the formation of three of the four possible form from either dimeric diradicak4a, 24b, or 24c (Scheme
cyclic dimersl14 and four of the six possible cyclic trimets. 3). Lack of formation of trimer20b indicates that dimeric
Due to the large number of isomers, it is difficult to determine diradical24c must close to dimet9 faster than being trapped
if the reaction is regioselective. Observation of trimEssagain to form trimer20b.

1790 J. Org. Chem.Vol. 71, No. 5, 2006
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FIGURE 6. *H NMR spectrum (400 MHz, CECN) of reaction progress gi-xylylene (1) and 2,6-dimethyp-xylylene (L1) in partially degassed
CDsCN. (3, 12, 17, 18, 19, and21 are compound numbers given in the tdxt.internal standard, naphthalerdd; methylene chloride.)
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e ®
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JJ( 25° |
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| '
3 4
p-Xylylene (1) and 2,6-Dimethylp-xylylene (11) Co-Oli-
gomerization Studies.Both p-QDMs 1 and 11 oligomerized
at a similar rate and produced a mixed dirdér This supports
the theory that the flanking methyl groups QDM 11 are

having little effect on its reactivity. It is unclear why significant
amounts of trimers were not observed from the migg@DMs

Conclusion

IH NMR spectra op-xylylene (1), a-methylp-xylylene (@0),
and 2,6-dimethyp-xylylene (L1) have been observed at room
temperature, and this allows a more detailed study of their
chemistry. For the first time, th6C NMR spectrum op-QDM
1 has been observed. Observation of trimers provides strong
evidence thap-QDMs 1, 10, and 11 dimerize by a stepwise
mechanism. The absence of acyclic dinhéythe analogues of
which were present in the product mixtures of tinanethyl
thiophene-basep-QDM and thea-methyl furan-based-QDM,
can be explained by conformational limitations of the dimeric
diradicals of the benzene-baspd)DMs. Under comparable
conditions, p-QDMs 1 and 11 were found to have similar
reactivity butp-QDM 10was found to be slightly less reactive.

Experimental Section

4-[(Trimethylsilyl)methyl]lbenzyl Alcohol. This alcohol was
prepared in a 94% yield by lithium aluminum hydride (152 mg, 4
mmol) reduction of 4-[(trimethylsilyl)methyl]benzoic acid (375 mg,
1.8 mmol) using a procedure similar to the procedure outlined by
Nystrom and Brow?f for the reduction of phenylacetic acid to
B-phenylethanol*H NMR (400 MHz, CQxCN) ¢ 7.191 and 7.009

studies, whereas trimers were observed in both of the isolated(AA'BB'q, J = 7.6 Hz), 4.507 (s), 3.320 (br s), 2.107 (s), 0.001

studies ofp-QDMs 1 and11. Possibly the formation of several
different trimers resulted in low yields for all of them.

(26) Nystrom, R. F.; Brown, W. GJ. Am. Chem. So0d.947, 69, 2548.

J. Org. ChemVol. 71, No. 5, 2006 1791



]OCAT’tiCle Trahanovsky and Lorimor
SCHEME 3 0.1 M solution of12 in CH.CI, (~1 umol). The CHCI, was

removed at reduced pressures. The two flasks were placed into a
nitrogen-filled glovebag. To the acetate flask was added about 0.8
)#k —

mL of partially degassed GICN. The acetate solution was
24a
+ NMR (60 MHz, THFdg, —80 °C) ¢ 6.49, 5.10].
O As the solution was allowed to stand, thexylylene (1) was
O consumed and [2.2] paracyclophai® (7% yield), [2.2.2]paracy-
1 clophane4) (0.4% yield), oxygen adducts, and insoluble oligomers
I ~ O were formed.3: H NMR (400 MHz, CXCN) ¢ 6.484 (s, 8H),
3.046 (s, 8H). [lit® H NMR (300 MHz, CDC}) ¢ 6.48, 3.08];
O O GCIMS nvz (relative intensity) 209 (5), 208 (35), ™ 105 (5),
24b 0a
+
24c 20b

the glovebag for analysis B4 NMR spectroscopy*H NMR (400
MHz, CD4CN, 20°C) 6 6.452 (s, 4H), 5.007 (s, 4H). [’ *H

A

transferred to an NMR tube, and the acetate was quantifiethby
NMR. The NMR tube was returned to the glovebag. To the TBAF
flask was added about 0.2 mL of partially degasseg@\D The
TBAF solution was added to the NMR tube. The sample was
104 (100), 78 (8), 77 (4). [li*° GC/MSm/z (relative intensity) 208
(16), 104 (100), 103 (100)}: H NMR (400 MHz, CDxCN, 20
°C) 6 6.678 (s, 12H), 2.903 (s, 12H). [kt. H NMR (100 MHz,
CDCl3) 6 6.68 (Ar), 2.92 (CH), *H NMR (100 MHz, CG;OD) ¢
6.23 (Ar), 2.47 (CH)]; GC/MS m/z (relative intensity) 313 (15),
O 312 (77), 207 (14), 195 (12), 193 (31), 104 (100). FGC/MS
m/z (relative intensity) 312 (44), 118 (32), 117 (100), 115 (59),
1y, O 105 (90), 104 (83), 91 (54), 77(35)].

2|

AN

protected from light. The NMR tube was periodically removed from
13C NMR Spectrum of 1 at —40 °C. The sample was pre-
pared in a manner similar to the one reported above for the par-
tially degassed CECN preparation ofl except: (A) No naphtha-
lene was added; (B) 7 mg of Cr(aca¢x paramagnetic relaxation
agent used to reduce the spilattice relaxation time) was addéd;
(C) 35 mg of TBAF (111umol) was used; (D) 10@L of 0.1 M

2
W
O
Q

(8); *H NMR (400 MHz, CDC}) 6 7.20 and 6.97 (AMBB'q, J = solution of 13 (~10 umol) was used; (E) 30 s after the TBAF
8 Hz, 4'27) 4.61 (s, 2H), 2.06 (s, 2H), 1.56 (br s, 1H)0.03 (s, solution was added, the NMR tube was placed into a@¥dry
9H). [llt. H NMR (CDC|3) 0 7.22 and 7.00 (ABqJ = 8.0 Hz, ice bath.13C NMR (100 MHz, CQCN, —40 oc) P 140.3, 129.8,
4H, arom), 4.6 (s, 2H, C§), 2.12 (s, 2H, CH), 0.02 (s, 9H, SiMg)]; 115.5.

C NMR (100 MHz, CRCN) 6 140'_:’.)' 138.4, 1_28'8' 127.8, 64'7' p-Xylylene (1) in Deoxygenated CRCN. To a tear-shaped flask
26.9,~1.8. Anal. Caled for GH150Si: C, 67.98; H, 9.34. Found: a5 added 7 mg of TBAF (22,2mol). To a second tear-shaped
C, 68.14; H, 9.47. flask was added 10L of a 4.7 x 102 M solution of naphthalene
[p-((Trimethylsily)methyl)phenyllmethyl Acetate (12). A in CH,Cl, and 10uL of an approximately 0.1 M solution df2 in
solution of 109 mg of 4-[(tr|_m_ethyIS|IyI)methyl_]benzyl alcohol (0.56 CH,Cl,. The CHCI, was removed at reduced pressure. The two
mmol) and 0.3 mL of pyridine (3.7 mmol) in 2 mL of dry THF  faqks were placed into a nitrogen-filled glovebag. To the acetate
was preparedlln a 10-mL flask. An argon atmosphere.was placedfizsk was added about 0.8 mL of partially degassed;@ND
over the solution. The solution was cooled t6@ and stirred. A and to the TBAF was added about 0.2 mL of partially degassed
solution of 0.125 mL of acetyl chloride (1.76 mmol) in 1 mL of  cp cN. The acetate solution was transferred to an NMR tube, and
dry THF was ad_ded dropwise to the alcohol solution by a syringe. ihe” acetate was quantified by NMR. The NMR tube was re-
The reaction mixture was allowed to warm to room temperature ;e to the glovebag. The acetate solution was poured into one
and was stirred for 2 h. The reaction mixture was added to 10 ML {,ne of a two-tube reaction céft. The TBAF solution was added
of ether. The ether solution was washed with brine twice and then {5 the other tube of the cell. The cell was connected to a valved
with a saturated solution of NaHG@nd finally with brine again. y5c,um adapter. The two solutions were deoxygenated by two series
The ether solution was dried with Mg@@nd concentrated under argon purging followed by three freezpump-thaw cycles.
reduced pressure to get 115 mg (87%) of viscous *6il NMR Once the cell had returned to room temperature, the cell was
(400 MHz, CDCN) 0 7.193 and 7.012 (A%BB'q, J = 8 Hz, ‘_"lH)' tipped to allow the TBAF solution to be added to the acetate
4.985 (s, 2H), 2.160 (s, 2H), 2.006 (s, 3H)0.047 (s, 9H);»*C solution. While still under a vacuum, the cell was wrapped in foil
NMR (100 MHz, CDCN) 0 171.6, 141.8, 132.9,129.2,129.1,66.8, 4pq placed into the glovebag. After 18 h, the reaction mixture, which

22.4,21.1,-2.0. contained some precipitate, was transferred to an NMR tube. The

Drying and Initial Degassing of CD:CN. Prior to use as a  gq|yple products3 (35% yield) and4 (7% yield), were quantified
solvent in the preparation gi-QDMs, the CRCN was distilled by NMRF.) 3 (35% yield) (7% yield), g

from P,Os under argon and then partially degassed by repeated

freeze-pump-thaw cycles, except where indicat&d. (29) The Aldrich Library of'3C and*H FT NMR Spectralst ed.; Vol.
p-Xylylene (1) in Partially Degassed CRCN. To a tear-shaped 2, p 16; Pouchert, C. J., Behnke, J., Eds.; Aldrich Chemical Co.: Milwaukee,

flask was added 7.6 mg of TBAF (24mol). To a second tear- ~ WI, 1993.

shaped flask was added 94 of a 5.0 x 1072 M solution of (30) Hefelfinger, D. T.; Cram, D. J. Am. Chem. S0d.971 93, 4754.

naphthalene in CCl, (0.48umol) and 9uL of an approximately Sofﬁégie;rgé J29|E36 Baret, P.; Chautemps, P.; Armand,JMam. Chem.

(32) Tabushi, I.; Yamada, H.; Yoshida, Z.; Oda, Retrahedron1971,

(27) d’Alessando, N.; Albini, A.; Mariano, P. S. Org. Chem1993 27, 4845.
58, 937. (33) Wehrli, F. W.; Marchand, A. P.; Wehrli, iterpretation of Carbon-
(28) (a) Fischer, D. R. Ph.D. Dissertation, lowa State University, Ames, 13 NMR Spectra2nd ed.; Wiley & Sons: New York, 1988; pp 22226.
1A, 1990; pp 9+121. (b) Trahanovsky, W. S.; Arvidson, K. B. Org. (34) Reaction cell resembles a cow-type distillation receiver. For a
Chem.1996 61, 9528. complete description of the cell, see ref 12.
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Obsewation of p-Xylylenes byH NMR

p-Xylylene (1) in Oxygenated CRCN. The CD:CN was
distilled from ROs under dry air, and then oxygen was bubbled
through the CICN for 30 s. To a tear-shaped flask was added 7
mg of TBAF (22umol). To a second tear-shaped flask was added
10 uL of an approximately 0.1 M solution df2 in CH,Cl,. The
CH,Cl, was removed at reduced pressure. The drieg@Dwas
added to the acetate flask and the TBAF flask, 0.8 and 0.2 mL,
respectively. Both solutions were transferred to an NMR tube. The
IH NMR spectrum showed that acetat® was consumed and
signals consistent with oxygen adducts formed.

1-[p~((Trimethylsilyl)methyl)phenyllethanol. To a solution of
209 mg of 4-[(trimethylsilyl)methyl]benzaldehyde (1.09 mmol) in
3 mL of dry ether was added 0.4 mif ® M MeMgBr (1.2 mmol),
dropwise. The reaction mixture was heated to reflux for 30 min.
The reaction mixture was worked up in the normal manner to
yield 197 mg (95%)H NMR (400 MHz, CQyCN) ¢ 7.186 and
6.975 (AABB'q, J = 8 Hz), 4.727 (q,J = 6.4 Hz), 2.073 (s),
1.353 (d,J = 6.4 Hz),—0.034 (s);'3C NMR (100 MHz, CQCN)
0 143.3, 140.1, 128.7, 126.2, 69.9, 26.7, 25:9,.9. Anal. Calcd
for C1,H,00Si: C, 69.17; H, 9.67. Found: C, 69.29; H, 9.95.

1-[p-((Trimethylsilyl)methyl)phenyllethyl Acetate (13). 13was
prepared in an 87% yield from p{(trimethylsilyl)methyl)phenyl]-

JOC Article

(relative intensity) 354 (6) M, 238 (15), 237 (100), 236 (51), 232
(2), 189 (2), 131 (2), 129 (2), 128 (2), 122 (4), 118 (60), 117 (89),
115 (35), 106 (2), 105 (2), 103 (3), 89 (9), 87 (4), 86 (3), 77 (3),
75 (2), 74 (3). Trimer CL15 (1.1% yield): GC/MSm/z (relative
intensity) 354 (2) M, 238 (15), 237 (92), 236 (57), 131 (2), 128
(3), 119 (41), 118 (56), 117 (100), 115 (37), 103 (2), 91 (4), 89
(12), 88 (10), 87 (5), 86 (4). Trimer D5 (2.4% yield): GC/MS
m/z (relative intensity) 355 (2), 354 (7) M 353 (2), 239(2), 238
(15), 237 (97), 236 (36), 233(4), 232 (3), 189 (2), 131 (2), 128 (3),
119 (38), 118 (569), 117 (100), 115 (39), 112 (2), 108 (2), 105 (2),
103 (2), 91 (6), 90 (7), 89 (10), 88 (9), 86 (3), 77 (4), 76 (3), 74
(2). The pentane was removed under vacuum from the extract. The
resulting residue was dissolved in gIN, and aH NMR spectrum
was obtained.

3,5-Dimethyl-4-[(trimethylsilyl)methyl]benzyl Alcohol. 3,5-
Dimethyl-4-[(trimethylsilyl)methyl]benzyl alcohol was prepared in
a 92% vyield by lithium aluminum hydride (1.23 mmol) reduction
of 3,5-dimethyl-4-[(trimethylsilyl)methyl]benzoic acid (0.5 mmol)
following a procedure similar to that outlined by Nystrom and
Browr?® for the reduction of phenylacetic acid fephenylethanol
that was used above for 4-[(trimethylsilyl)ymethyl]benzyl alcohol.
H NMR (300 MHz, CDC}) ¢ 6.967 (s, 2H), 4.538 (s, 2H), 2.224

ethanol (50 mg, 0.24 mmol) with the procedure used for the above (s, 6H), 2.138 (s, 2H) 0.014 (s, 9H).

preparation of p-((trimethylsilyl)methyl)phenyl]methyl acetatt-
NMR (400 MHz, CBCN) 6 7.196 and 7.002 (ABB'q, J = 8
Hz, 4H), 5.763 (g, = 6.8 Hz, 1H), 2.085 (s, 2H), 1.991 (s,
3H),1.456 (d,J = 6.8 Hz, 3H),—0.038 (s, 9H);3C NMR (100
MHz, CD:CN) 6 171.0, 141.3, 138.5, 129.0, 126.8, 72.8, 26.9, 22.4,
21.5,-1.9.

a-Methyl-p-xylylene (10) in Partially Degassed CEBCN. 10
was prepared from acetal8 (1.2 umol), TBAF (25umol), and
naphthalene (0.3@mol) with the procedure used for the above
preparation ofp-xylylene (1) in partially degassed GIGTN. A H
NMR spectrum was obtained 15 min after the addition of the TBAF.
1H NMR (400 MHz, CxCN) 6 6.713 (br d,J = 9.6 Hz, 1H),
6.466 (br dJ = 9.6 Hz, 1H), 6.314 (br s, 2H) 5.619 (4= 8 Hz,
1H), 4.963 (br s, 2H), 1.848 (d,= 8 Hz, 3H). Upon standing, the

[3,5-Dimethyl-4-((trimethylsilyl)methyl)phenyllmethyl Ac-
etate (17). 17was prepared in an 85% yield from 3,5-dimethyl-
4-[(trimethylsilyl)methyl]benzyl alcohol (0.4 mmol) following the
procedure used for the above preparation m{(frimethylsilyl)-
methyl)phenyl]methyl acetatéHd NMR (400 MHz, CDC}) 6 6.954
(s, 2H), 4.925 (s, 2H), 2.209 (s, 6H), 2.170 (s, 2H), 2.008 (s, 3H),
—0.003 (s, 9H)*C NMR (100 MHz, CDC}) 6 170.7, 138.5, 131.4,
127.8, 117.4, 66.0, 20.4, 20.2, 1941.1. GC/MSm/z (relative
intensity) 264 (2) M, 249 (5), 207 (5), 206 (14), 205 (100), 202
(9), 201 (6), 197 (3), 195 (2), 135 (3), 132 (20), 130 (15), 128
(13), 125 (7), 117 (2), 115 (4), 113 (2), 112 (2); HRMS calcd for
Cl5H24OZSi 264.1546, found 264.1550.

2,6-Dimethylp-xylylene (11) in Partially Degassed CBCN.

11 was prepared from [3,5-dimethyl-4-((trimethylsilyl)methyl)-

1H NMR spectrum showed signals consistent with oxygen adducts phenyljmethyl acetatel{) (1.6 umol), TBAF (25 umol) and

and trace amounts of dimers and trimers.

ao-Methyl-p-xylylene (10) in Deoxygenated CBCN. 10 was
prepared from acetaté3 (5.7 umol), TBAF (25 umol), and
naphthalene (0.4A&mol) in 20 mL of CHCN with the procedure
used for the above preparation pkylylene (1) in deoxygenated
CDsCN. The'H NMR spectrum after 15 min is very similar to the
spectrum obtained fop-QDM 10 in partially degassed CGITN.
As the solution was allowed to stand, insoluble oligomers were
formed. After 14 h, anothetH NMR spectrum was obtained. It
showed signals with chemical shifts similar to those of the dimer,
trimer, and oxygen adducts of parepiQDM 1. The spectrum
showed no signals fqo-QDM 10.

o-Methyl-p-xylylene (10) in Deoxygenated CHCN. 10 was
prepared from acetate3 (20 umol) and TBAF (45x«mol) in 20
mL of CH3;CN with the procedure used for the above preparation
of pxylylene (1) in deoxygenated CECN. As the solution was
allowed to stand, the-QDM 10 was consumed, and three dimers
14, four trimers15, oxygen adducts, and insoluble oligomers were
formed. The product mixture was extracted with pentane, and
the extract was analyzed by GC/MS. DimerlA4 (7.3% yield):
GC/MS nvz (relative intensity) 237 (6), 236 (31) M 119 (29),
118 (100), 117 (66), 115 (24), 113 (3), 105 (2), 103 (3), 102 (3),
89 (7), 88 (6). Dimer Bl14 (2.6% yield): GC/MSnv/z (relative
intensity) 237 (2), 236 (3) M, 119 (58), 118 (100), 117 (93), 115
(26), 103 (3), 90 (6), 89 (9), 88 (8). Dimer T4 (5.0% yield):
GC/MS vz (relative intensity) 236 (9) M, 120 (3), 119 (36), 118
(97), 117 (100), 115 (24), 103 (3), 89 (12), 88 (7), 86 (6). Trimer
A 15 (1.3% yield): GC/MSm/z (relative intensity) 354 (2) M,
238 (16), 237 (100), 236 (60), 189 (2), 131 (2), 129 (2), 128 (3),
119 (42), 118 (56), 117 (99), 115 (34), 107 (2), 103 (3), 90 (6), 89
(10), 88 (10), 86 (4). Trimer BL5 (2.2% yield): GC/MSnvz

naphthalene (0.4Zmol) following the procedure used for the above
preparation op-xylylene (1) in partially degassed GITN. IH NMR
(400 MHz, CDC}) ¢ 6.331 (s, 2H), 5.262 (s, 2H), 5.007 (s, 2H),
1.997 (s, 6H). As the solution was allowed to stand, the 2,6-
dimethylparaxylylene (L4) was consumed and head-to-head dimer
18 (7.7% yield), head-to-tail dime23 (7.3% yield), trimer20a
(1.3% yield), and insoluble oligomers were formed. Dirhér H
NMR (400 MHz, CDC}) 9 6.166 (s, 4H), 3.292 (s, 4H), 2.850 (s,
4H), 2.020 (s, 12H); GC/M&Vz (relative intensity) 264 (13) M,
249 (10), 133 (19), 132 (100), 129 (19), 128 (13), 117 (18), 115
(26), 114 (12). Dimerl9: *H NMR (400 MHz, CDC}) 6 6.348
(s, 4H), 2.972.93 (m, 4H), 2.852.80 (m, 4H), 2.210 (s, 12H);
GC/MS vz (relative intensity) 264 (18) NI, 249 (5), 133 (23),
132 (100), 129 (12), 128 (10), 117 (47), 115 (44). Trirgéa ‘H
NMR35 (400 MHz, CDC}) 6 6.630 (s, 2H), 6.489 (s, 2H), 6.278
(s, 2H); GC/MSm/z (relative intensity) 397 (2), 396 (6) M 147
(4), 146 (2), 145 (2), 143 (2), 134 (3), 133 (26), 132 (100), 129
(9), 128 (6), 127 (3), 126 (2), 117 (19), 115 (21), 111 (2), 103 (2),
89 (5), 88 (10), 86 (2), 85 (2), 53 (2).

p-Xylylene (1) and 2,6-Dimethylp-xylylene (11) in Partially
Degassed CBCN. 1 and11 were prepared frompf((trimethylsi-
lyl)methyl)phenyl]methyl acetatel @) (0.67«mol), [3,5-dimethyl-
4-((trimethylsilyl)ymethyl)phenyllmethyl acetatd®) (1.5 umol),
TBAF (50 umol), and naphthalene (0.4#mol) following the
procedure used for the above preparationpefylylene (1) in
partially degassed GICN. As the solution was allowed to stand,
thep-xylylene and 2,6-dimethypara-xylylene (L1) were consumed
andp-xylylene dimer3 (2.8 x 10-8 mol), head-to-head dimeds

(35) Benzylic hydrogens were masked by other signals and were not
observed.
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(1.1 x 107 mol), head-to-tail dimef.9 (9.1 x 10-8 mol), mixed
dimer21 (1.6 x 10-7 mol), and insoluble oligomers were formed.
Mixed dimer21: *H NMR (400 MHz, CDC}) 6 6.811 (d,J =8

Hz, 2H), 6.433 (dJ = 8 Hz, 2H), 6.348 (s, 2H), 3.005 (s, 4H),
2.97-2.93 (m, 2H), 2.852.80 (m, 2H), 2.053 (s, 6H); GC/MS
m/z (relative intensity) 236 (64) M, 233 (5), 132 (100), 131 (30),
129 (24), 126 (7), 117 (17), 115 (23), 114 (17), 113 (13), 112 (9),
111 (5).
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