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Benzyloxy(4-substituted benzyloxy)carbenes.
Generation from oxadiazolines and fragmentation
to radical pairs in solution

Nadine Merkley and John Warkentin

Abstract: Thermolysis of 2,2-dibenzyloxy-5,5-dimethif-1,3,4-oxadiazoline in benzene at 110°C leads to
dibenzyloxycarbene. The carbene was trapped vatkbutyl alcohol to afford dibenzylert-butyl orthoformate. In the
absence of a trapping agent for the carbene, it fragmented to benzyloxycarbonyl and benzyl radicals, as shown by
trapping the latter with TEMPO. In the absence of both TEMPO tamtdbutyl alcohol, the radicals were partitioned
between coupling to benzyl phenylacetate and decarboxylation, with subsequent formation of bibenzyl. The preferred
sense of fragmentation of the analogous carbenes from benzypesybstituted-benzyloxy)carbenes was determined by
comparing the yields of the two possible esters, AsOHCO)CH,Ph and PhCED(CO)CHAr. It was found that an
electron-withdrawing group in thpara position favoured fragmentation to the benzylic radical containing that group. A
Hammett plot of the data gave a best fit with substituent constants € 0.994,ppny, 110°c)= 0.7) suggesting that the
fragmentation involves charge separation in the sense that increases electron density on the group that is becoming a
benzylic radical and decreases electron density on the carbonyl group that is becoming the benzyloxycarbonyl radical.

Key words carbene, dibenzyloxycarbene, fragmentation, substituent effect, radical pair, TEMPO.

Résumé: La thermolyse du 2,2-dibenzyloxy-5,5-dimétiy#-1,3,4-oxadiazoline, dans le benzéne a 100°C, conduit a la
formation de dibenzyloxycarbeéne. On a piégé le carbéne a l'aide d'aleadbutylique, avec formation d’orthoformiate

de dibenzyle et deert-butyle. En absence d'agent pour piéger le carbéne, il se fragmente pour conduire a la formation
de radicaux benzyloxycarbonyle et benzyle dont I'existence a été démontrée en piégeant le dernier a 'aide de

« TEMPO ». En absence d'alcot#rt-butylique ainsi que de « TEMPO », les radicaux se répartissent entre un

couplage conduisant au phénylacétate de benzyle et une décarboxylation avec formation subséquente de dibenzyle. En
se basant sur une comparaison des rendements des deux esters possible®(B8J8H,Ph et PhCHO(CO)CHAr,

on a déterminé la voie préférée de fragmentation de carbenes analogues provenant de carbénes portant des groupes
benzyloxyles différents, I'un substitué en para et I'autre non substitué. On a trouvé qu'un groupe électroaffinitaire en
position para favorise la fragmentation conduisant aux radical benzylique contenant ce groupe. Le meilleur ajustement
de la courbe d’Hammett des données est obtenu avec des constantes de substit(rant®,994,pppy, 110:c)= 0,7),

ce qui suggere que I'état de transition pour la fragmentation implique une séparation de charge dans le sens qui
augmente la densité électronique sur le groupe qui devient un radical benzylique et qui diminue la densité électronique
sur le groupe carbonyle qui devient le radical benzyloxycarbonyle.

Mots clés: carbene, dibenzyloxycarbéne, fragmentation, effet de substituant, paire de radicaux, « TEMPO ».

[Traduit par la Rédaction]

Introduction has been observed with oxycarbenes and dioxycarbenes.

Most i ¢ b . th dinati Presumably it is the formation of the strong carbonyl double
ost reactions of carbénes Increase the co-ordinaliof,nq that drives those fragmentations, which can be hetero
number of the carbene carbon from two to four, as expecte

. : ; , ! tic or homolytic. Heterolytic fragmentations, to ion pairs,
for a species having a pair of electrons iw-eorbital and a y y g b

rtual bital (singlet ired elect . h fhave been reported when alkoxy(halo)carbenes are gener
virtual p-orbital (singlet) or an unpaired electron in each of 5404 i 3 polar solvent such as acetonitrile, Scheme 1 (1-5).

two singly occupied orbitals (triplet). It may be surprising : : : :
that stabilized carbenes can break a bond to the carbene Cﬁomolytlc fragmentations of dioxycarbenes can occur in the

bon. instead of formi but haf tati as phase or in non-polar solvents, particularly if one of the
on, instead of forming neéw ones, but such a fragmentatio Xy groups is allylic or benzylic, Scheme 1 (6-10).

Recently it was reported that methoxy(cinnamyloxyjcar
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Scheme 1. that reason we prepared unsymmetric bis-benzyloxy oxadia
X zolines in order to have internal competition in a carbene
S X=CLBr ot 4 CO + X— that could fragment to either the benzyl radical anghsub
RO stituted benzyloxycarbonyl radical or to p-substituted
X0 benzyl radical and the benzyloxycarbonyl radical. We now
X=allyl or . t th Its of that study.
: y ROCO + X- report the results of that study
RO benzyl Methods results and discussion

increasing concentration of carbene trap. More recently 1he oxadiazoline substratedatf) were prepared from a
benzyloxymethoxycarbene was shown to fragment similarlycommon precursor, namely 2-acetoxy-2-benzyloxy oxadia

to methoxycarbonyl and benzyl radicals, and again both théoline @), by means of the substitution reaction in
carbene and the radicals were trapped (11). Althopghb Scheme 3. Precurs@was obtained by oxidative cyclization
stituted benzyloxy oxadiazolines were studied also, it wa®f the benzyloxycarbonyl hydrazone of acetone with lead
not possible to make strong inferences about the effects dgtraacetate in dichloromethane, which affordednd 3 in
p-substituents on the ease of carbene fragmentation from tH8€ ratio 60:40. Although that mixture could be used directly
yields of esters, which were below 50%. In those cireum for th_e sub_stltutlon, substantial purification was achleved_t_)y
stances a dependence of yields on substituents could- pos¥@shing with base and subsequent chromatography on silica.
bly be attributed to a substituent effect on a competingThe oxadiazoline produced in this way did contain a small
reaction, such as the observed alternative fragmentation gmount (ca. 5%) of dibenzyl carbonate and the final yield of
the oxadiazolines to carbonates and diazopropane (11). Féat product from the thermolysis was corrected for the

Scheme 2.

Scheme 3.
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Scheme 4. Fig. 1. GC integrals, on an arbitrary scale, vs. concentration of
tert-BuOH. The scatter is believed to be caused by the various
concentrations of adventitious water.
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[t-BuOH] mol/L
AI‘CHZ' +PhCH2~ — AI‘CHQCHQPh

ArCH, + ArCH,» — ArCH,CH,Ar Scheme 5.
2 PhCH,: ——» PhCH,CH,Ph PhCH,0_  OCH,Ph o
N0 — PhCH2O—// -+ -CHyPh
N%
guantity initially present. Thermolyses were done in evacu- fast
ated, sealed glass tubes that were heated for 24 h at 110.0 +
0.1°C with an oil bath. CO, + +CH,Ph

The mechanism of thermolysis of oxadiazolines analo-

gous to4 generally involves 1,3-dipolar cycloreversion in
the first step, to afford a carbonyl ylide intermediate (12—
14). The latter then fragments to acetone and a dialkoxy- N-O-+ -CH,Ph —> N—OCH,Ph
carbene, Scheme 4. An alternative mechanism, proposed by
9 10

Smith (15) on the basis of computation, involving concerted

fragmentation to Bl acetone, and dialkoxycarbenes, cannot

be ruled out for an oxadiazoline with new substituents. In

the present case, knowledge of the mechanism by which the

carbene intermediate is generated is not critical, nor does the

carbene have to be formed in essentially quantitative yielddCOPh(OAr}), an unsymmetric carbonate (ArOGRh) (all

In Scheme 4, stepwise fragmentation is illustrated with théndicated by GC/MS), and two esters. The product composi
important feature being the intramolecular competition intion was not determined in detail but it was possible te de
the fragmentation of carber® Formation of a carbene-n termine the relative yields of estefsand 8 in each case,
termediate was established by trappBomwith tert-butyl a-  although the @Dg had to be evaporated and replaced with
cohol (Fig. 1). It was assumed that the other oxadiazoline€Cl, in the case of products froma because théH NMR
formed analogous carbenes, albeit not necessarily with thgignals of interest were not resolved in benzene solution.
same efficiency. Products from thermolysis4ifin the ab  Identities of the isomerg and8 in each of the reaction mix
sence of a trap included acetone (88%)ibenzyl (14%), tures were secured through comparison with tHeNMR
benzyl phenylacetate (29%), dibenzyl carbonate (6%), &pectra of authentic compounds.

trace of benzyl alcohol, benzyl formate (22%), and tribenzyl The bibenzyls are strong indicators of radical chemistry
orthoformate (19%). The latter two are presumably derivedand radical intermediates were confirmed by capturing
from adventitious water, which traps the carbene intermedibenzyl radicals fromdc with TEMPO, Scheme 5. Trapping
ate to form benzyl formate and benzyl alcohol via the hemiof benzyloxycarbonyl radicals with TEMPO was not to be
orthoformate. Benzyl alcohol then traps the carbene tc gerexpected because the rate constant for decarboxylation of
erate the orthoformate. Products frota, b, andd—f were  benzyloxycarbonyl radicals has the valkggy.c = 10° st
more complex, containing three bibenzyls (primarily (extrapolated from published data) (16). In the case of
ArCH,CH,Ph, with smaller amounts of PhGEH,Ph and benzyloxymethoxycarbene, both the methoxycarbonyl and
ArCH,CH,Ar), two orthoformates, (HC(OPHPAr and benzyl radicals were trapped with TEMP®) (11).

2We have not always used an adequate pulse delay when examining oxygen-free solulidndMiR spectroscopy. The yield of acetone,
in particular, comes out too low if an inadequate pulse delay is used.
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Fig. 2. Logarithms of the ratios of ester§/{) versuso~ substt generally not included. We report NMR spectra for both
tuent constants. CDCl; and GDg; the latter because reactions were run in
12 C¢Dg. Chemical shifts (ppm) for CDGlare referenced to

TMS, while those for @Dg are referenced tg-xylene
(2.10 ppm) or 1,4-dimethoxybenzene (6.80 ppm). The num
bers in brackets in the MS data are relative signal intensities.

1

0.8
Synthesis of oxadiazolines (4)

A solution of benzyl chloroformate (10.0 mL, 0.071 mol)
in ether (72 mL) was added slowly (ca. 1 h) to a cooled so
lution (-5°C) of hydrazine monohydrate (16.8 mL, 0.33
mol) in ether (10.0 mL) (18). After addition, the ice bath
was removed and stirring was continued for 1 h. The white
precipitate formed during the reaction dissolved upon the ad
dition of water. The ether layer was separated and washed
three times with water (25 mL) before it was dried with

02 0 02 04 06 08 1 12 14 m_agnesium sulphate. After filtering, the ether was re_zmoved
with a rotary evaporator to leave benzyl hydrazinecar
o~ boxylate as a white solid (7.55 g, 0.045 mol), 82% yield, mp
65-66°C;'H NMR (200 MHz, CDC}) &: 3.74 (s, 2H, NH),

The sense and magnitude of the selectivity in the carben@-12 (s, 2H, CHO), 6.12 (s, 1H, NH), 7.3 (m, 5H);*C
fragmentation step should be reflected in the relative yield\MR (50 MHz, CDCL) &: 67.34 (CH), 128.21, 128.34,
of esters7a, b, d—f and8a, b, d-f from the corresponding 128.57, 136.03, 155.55 (C=0); MS (Eiyz 122 (9), 91
precursors4a, b, d—f). The results show clearly that there is (100), 65 (9); MS (CI, NH) m/z 184 ((M + NH,)", 33), 167
selectivity in the sense favouring fragmentation to afford the((M + H)", 100), 123 (12), 108 (21), 91 (62).
benzylic radical with an electron-withdrawing group in the Magnesium sulphate (5g) was added to a solution of
para position. The ratios&7) were:a, 1.0;b, 0.94;d, 2.3; benzyl hydrazinocarboxylate (7.55 g, 0.045 mol) in 40 mL
e, 3.0;f, 11.4. A good correlation of logarithms of product of acetone and the reaction mixture was stirred overnight.
ratios (assumed to reflect the ratios of fragmentation ratd he magnesium sulphate was removed by vacuum filtration
constants well) witlo~ substituent constants was found, with and the solvent was removed with a rotary evaporator. The
P, 110°c)= 0.7, (Fig. 2), indicating that the fragmentation resultant white solid%) (7.15 g, 82%) melted at 75-77°C, lit
of the carbenes is lower in energy if electron density is al{19) mp 85°C;'H NMR (200 MHz, CDC}) &: 1.76 (s, 3H),
lowed to increase at the carbon atom that is becoming th&.00 (s, 3H), 5.21 (s, 2H), 7.34 (m, 5SHFC NMR (50 MHz,
benzylic radical fragment. A corollary is that the electron CDCl;) &: 16.08 (CH), 25.28 (CH), 67.33 (CH), 128.31,
density at the other developing fragment must decrease coi28.41, 128.52, 135.98, 151.14 (C=N), 154.80 (C=0); MS
respondingly. The correlation with~ suggests that the frag (El) m/'z. 206 (M", 1), 91 (100), 65 (10), 49 (22); MS (Cl,
mentation has more polar character (benzyl anion-like andNHz) m/z: 207 ((M + H)*, 100), 91 (32).
benzyloxycarbonyl cation-like) than radical character. Acetone benzyloxycarbonyl hydrazone (7.15 g, 0.037
Whether or not there is a transition state for the homolysis isnol) in dichloromethane (70 mL) was added dropwise to a
not known. For homolysis of a model system there is a-transolution of lead (IV) acetate (28.0 g, 0.106 mol) in ice-cold
sition state only for the conformation with the departing dichloromethane (60 mL) under nitrogen. After the addition
group synto the carben’s lone pair (9). the ice bath was removed and the solution was stirred for

The benzyloxycarbonyl-benzyl radical pair is formed intwo hours. The mixture was filtered through Celite and
the singlet state (9, 10, 17) in a solvent cage. Coupling in thevashed once with water and twice with 5% sodium bicar
cage must be very fast, given that it can compete with botlbonate. After filtration through a layer of Celite to remove
decarboxylation of the benzyloxycarbonyl radical and diffu additional lead salts, the dichloromethane layer was dried
sive separation of that pair. Very fast coupling of such pairsover magnesium sulphate. Fitration and evaporation of the
is reasonable, given that the rate constant for cage couplingplvent left a yellow oil (5.43 g, 58%) which was a mixture
is not limited by diffusion but only by a very small kinetic of the oxadiazolin€ (60 parts) and the acyclic by-produgt
barrier, if any. An alternative explanation would have the es (40 parts).!H NMR of 2 (200 MHz, CDC}) &: 1.52 (s, 3H,
ters originating from 1,2-rearrangement of the carbenes rath&CH,), 1.67 (s, 3H, €©Hg, 2.10 (s, OAc, overlapping with
than from radical coupling. Carbene rearrangement is ver{Ac signal from3), 4.91 (d,2J = 8.6 Hz, 1H), 4.99 (d2J =
unlikely, given that computation shows the barrier to frag 8.6 Hz, 1H), 7.2-7.5 (m, overlapping with m froB) the
mentation to be much lower than that for 1,2-rearrangementverlapping signals integrated satisfactorify NMR of 3

0.6

0.4

log(product ratio)

0.2

in allyloxyhydroxycarbene, a model fd (17). (200 MHz, CDC}) & 1.63 (s, 6H, C(CH),, 2.10 (s, OAc,
overlapping with OAc signal fron®), 5.40 (s, 2H, CH),
Experimental 7.2-7.5 (m, overlapping with m fror®), the overlapping sig
nals integrated satisfactorily*3C NMR (composite spec
General trum, 50 MHz, CDC}) &: 20.51 (H,CC=0), 21.39 (HC-

Although some of the compounds encountered in thisC=0), 22.45 (CH), 24.12 (CH), 24.47 (CH), 25.27 (CH),
work have been reported previously, NMR and spectra weré7.51 (CH), 69.96 (CH), 122.47 (C5), 127.89, 128.10,
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128.45, 128.66, 128.71, 128.79, 133.18, 134.14, 136.08L0), 125 (44), 105 (12), 91 (100); MS (Cl, NHWz 294

(C2), 166.45 (O(C=0) 169.17 (N-C=0-0).
Benzyl alcohol (0.48 g, 4.4 mmol) and a mixture2&nd

(5), 142 (12), 125 (33), 91 (100).

3 (above, 0.10 g, 3.7 mmol) were dissolved in dichloro 4e Clear oil, yield 68%;'H NMR (200 MHz, CDC}) &:
methane (30 mL) before trifluoroacetic acid (0.096 mL,1.48 (s, 3H), 1.49 (s, 3H), 4.64 (4) = —11.5 Hz, 1H), 4.71
1.25 mmol) was added to the reaction mixture. After stirring(d, 2J = =13.9 Hz, 1H), 4.75 (®J = —13.9 Hz, 1H), 4.84 (d,

for approximately 1 h, progress was monitoredby NMR

23 = _11.5 Hz, 1H), 7.15-7.24 (m, 5H), 7.35 @,= 8.0 Hz,

spectroscopy, revealing that the pair of doublets at 4.93 ppraH), 7.50 (d,3J = 8.0 Hz, 2H);*H NMR (300 MHz, GDy)

had been replaced with a new pair of doublets at 4.85 pp:1.26 (s, 6H), 4.60-4.82 (m, 4H), 6.97-7.26 (m, 9HC
(200 MHz, CDC}). Aqueous NaOH (35 mL) was added and NMR (75 MHz, CDCL) &: 24.00, 24.12, 65.96, 66.87,
the mixture was stirred for another hour. The dichloro 119.33 (C5), 125.33, 127.61, 127.72, 127.97, 128.40, 136.43
methane layer was separated, washed twice with watg/C2), 136.64;1%F NMR (282 MHz, CDC}, ref. CCKF) &:

(15 mL), and dried over magnesium sulphate. After filtration—62.80 (s); MS (El)m/z 249 (2), 229 (2), 159 (56), 133
and removal of the dichloromethane the components of th€s7), 91 (100); MS (CI, NH) m/z 328 (2), 176 (9), 159
reaction mixture were separated by means of centrifugal18), 108 (42), 91 (100).

chromatography (Chromatotron, 100% hexanes). The pale

yellow oil obtained (0.29 g, 41%) wa&c containing about
4.5% of dibenzylcarbonat¢H NMR (300 MHz, GDs) &:

1.30 (s, 6H), 4.80 (d?) = -11.6 Hz, 2H, CHPh), 4.91 (d,
2J = -11.6 Hz, 2H, CHPh), 7.06-7.41 (m, 10HfH NMR

(200 MHz, CDC}) & 1.50 (s, 6H), 4.76 (d?J = —-11.4 Hz,
2H, CH,Ph), 4.86 (d2J = —11.4 Hz, 2H, CHPh), 7.30-7.35
(m, 10H); ¥*C NMR (50 MHz, CDC}) &: 24.1 (CH), 66.9

4f: Yellow oil, yield 56%; *H NMR (200 MHz, CDC}) &:
1.57 (s, 3H), 1.59 (s, 3H), 4.71 (&) = —11.4 Hz, 1H), 4.79
(d,%J =-11.4 Hz, 1H), 4.88 (?J = —-13.1 Hz, 1H), 4.97 (d,
2J=-13.1 Hz, 1H), 7.24-7.32 (m, 5H), 7.47 {3,= 8.6 Hz,
2H), 8.16 (d,%J = 8.6 Hz, 2H);'H NMR (300 MHz, GDs)
5. 1.23 (s, 6H), 4.53-4.72 (m, 4H), 6.82 (2] = 8.8 Hz,
2H), 7.00-7.21 (m, 5H), 7.74 (d) = 8.8 Hz, 2H);'*C NMR

(CH,), 119.6 (C5), 127.8, 127.9, 128.4, 136.2 (C2), 136.7. (75 MHz, CDC}L) &: 23.89, 24.11, 65.46, 66.85, 119.96
Oxadiazolinesta, b, andd—f were prepared by the above (C5), 123.48, 127.64, 127.73, 127.96, 128.36, 136.24,
procedure forc, with substituted benzyl alcohols instead of 136.48 (C2), 144.19, 147.36; MS (EiWz 137 (13), 136

benzyl alcohol

4a: Yellow oil, yield 53%; 'H NMR (200 MHz, CDC})
1.59 (s, 6H), 3.79 (s, 3H), 4.72 (&) = —=11.2 Hz, 1H), 4.78
(d,2J = —11.5 Hz, 1H), 4.83 (BJ = —11.2 Hz, 1H), 4.88 (d,
2= _11.5 Hz, 1H), 6.86 (d%J = 8.62 Hz, 2H) 7.29-7.33
(m, 7H); *H NMR (200 MHz, GDg) & 1.23 (s, 3H), 1.25 (s,
3H), 3.27 (s, 3H), 4.72-4.92 (m, 4H), 6.69 @, = 6.6 Hz,
2H), 6.71-7.25 (m, 7H)*C NMR (50 MHz, CDC}) &:

24.01, 55.14, 66.56, 66.69, 113.71, 119.32 (C5), 127.67,
128.27, 128.67, 129.45, 136.66 (C2, PhC1), 159.31(ArC4),
MS (EI) mz: 191 (3), 163 (51), 121 (100), 91 (87), 84 (24), i
43 (24); MS (CI, NH) m/z 260 (4), 163 (20), 121 (100),

108 (23), 65 (8), 43 (12).

4b: Clear oil, yield 41%;'H NMR (200 MHz, CDC}) &:
1.59 (s, 6H), 2.35 (s, 3H), 4.74 (8 = —11.0 Hz, 1H), 4.83
(d, 23 = —11.0 Hz, 2H), 4.89 (0] = —11.4 Hz, 1H), 7.14—
7.35 (m, 9H);*H NMR (300 MHz, GDg) &: 1.24 (s, 2H)

(95), 91 (100), 49 (24), 43 (16); MS (CI, NHmz 254 (2),
153 (13), 136 (24), 107 (60), 91 (100), 60 (16).

Typical thermolysis of an oxadiazoline

The following procedure foAc was also followed for the
others except thgp-xylene was the reference. Signals from
1,4-dimethoxybenxene interfered in those cases. Neither in-
ternal standard reacted to afford any products detectable by
GC/MS.
A solution of dibenzyloxy oxadiazoline4¢, 15.9 mg,
05mmol) containing 4.6% of dibenzyl carbonate and 1,4-
methoxybenzene (1.0 mg, 0.0072 mmol) as internal-stan
dard, in 0.52 mL of benzends; in an NMR tube was de
gassed three times (freeze-pump-thaw sequence) before
sealing. The NMR tube was then kept for 24 h in an oil bath
at 110 + 0.1°C. Product yields were determined*ByNMR
spectroscopy, with a pulse delay time of 3 min for products
from 4c and 5 min for the other mixtures, to ensure reliable

1.25 (s, 3H), 2.09 (s, 3H), 4.73-4.94 (m, 4H) 6_90_7_28’(mintegral ratios for7 and 8 (average of 5 intergrations).
gH) 13'C N'\,/|R (75 |,V|HZ' CDC!;) & 2169 2'404 66.72 ’Chemical shifts (CHZCO) in C5D6 (those of 7a and 8a in
119.37 (C5), 127.71. 127.84, 128.29, 128.99, 133.56, 136.55Ck) used for measurement of those relative yields were:
(CZ), 136.67; MS (EI)m/z: 181 (3), 105 (95), 91 (100), 43 p-xyl.ene, 2.19; 1,4-d|m.ethoxybepzene, 6..&31, 3.52;. 8a,
(10); MS (Cl, NH3) miz 274 (3), 147 (8), 122 (18), 105 3.48; 7h, 3.32;8b, 3.34; 7d, 3.29; 8d, 3.12; 7¢, 3.31; 8¢,

(100), 91 (53).

4d: Pale yellow oil, yield 80%H NMR (200 MHz, CDC})
5: 6.56 (s, 6H), 4.74 (d2J = —11.6 Hz, 2H), 4.84 (d?J =
~11.6 Hz, 2H), 7.24-7.34 (m, 9H}H NMR (300 MHz,
CeDg) 8: 1.21 (s, 3H), 1.22 (s, 3H), 4.57 (4] = —11.8 Hz,
1H), 4.66 (d,2) = —11.8 Hz, 1H), 4.68 (d2J = —-11.6 Hz,
1H), 4.78 (d,2) = —11.6 Hz, 1H), 6.88 (8] = 8.6 Hz, 2H),
7.00-7.12 (m, 5H), 7.21 (£J = 8.6 Hz, 2H);}3C NMR

3.14; 7f, 3.31; 8f, 3.06.

Products from 4c were: acetone, 88%,H NMR
(200 MHz, GDg) 8: 1.606 (s). Bibenzyl, 14%MH NMR
(200 MHz, GDg) 0: 2.78 (s, 4H), 7.02—-7.20 (m, overlap
with other signals); GC/MS (Elywz 182 (M', 26), 91
(100), 65 (13). Benzyl phenylacetate, 29%d NMR
(200 MHz, GDg) 0: 3.38 (s, 2H), 4.96 (s, 2H), 7.02-7.20
(m, overlap with other signals); GC/MS (EfWz 226 (M,
1), 91 (100), 65 (10). Dibenzyl carbonate, 6% NMR

(75 MHz, CDCE) & 24.00, 24.07, 66.02, 66.78, 119.63 (C5), (200 MHz, GD¢) 6: 4.98 (s, 4H), 7.02-7.20 (m, overlap
127.69, 127.8, 128.36, 128.48, 129.03, 133.61, 135.19ith other signals), GC/MS (Eljwz 180 (33), 151 (26),
136.47 (C5); MS (El)m/z 237 (3), 203 (3), 195 (4), 167 107 (60), 91 (100), 79 (48), 65 (29). Tribenzyl orthoformate,
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19%,'H NMR (200 MHz, GDg) &: 4.66 (6H), 5.46 (s, 1H), 159 (5), 108 (21), 91 (100), 65 (10); MS (CI, NHmWz
7.02—-7.20 (overlap with other signals); GC/MS (Emyz ((M + NH,)*, 5), 159 (5), 108 (21), 91 (100); HRMS calcu
197 (9), 181 (10), 107 (10), 91 (100). Benzyl formate, 22%lated for Gg¢H,40,F3: 294.0867, found: 294.0872.

'H NMR (200 MHz, GDg) &: 4.91 (2H), 7.02-7.20 (m, . .
( 2 &De) (2H) (m 8f: pale yellow solid, mp 80-84°C, lit. (25) mp 90-92°%4

overlap with other signals), 7.60 (1H). NMR (300 MHz, CDCH) 3: 3.76 (s, 2H), 5.14 (s, 2H), 7.29—
7.35 (m, 5H), 7.43 (&% = 8.7 Hz, 2H), 8.16 (d3J = 6.6 Hz,
oH); IH NMR (300 MHz, GDg) &: 3.03 (s, 2H), 4.27 (s,
H), 4.86 (s, 2H), 6.66 (%) = 8.7 Hz, 2H), 6.93-7.07 (m,
H), 7.69 (d.2] = 8.7 Hz, 2H);3C NMR (75 MHz, CDC})
5. 40.96, 67.14, 123.73, 126.97, 128.61, 130.29, 135.35,
141.12, 169.98; MS (Eljvz 271 (M, 8), 136 (8), 91 (100),

5 (9); MS (Cl, NH) miz 289 (M + NH,)", 6), 271 (M, 3),

35 (10), 108 (9), 91 (100); HRMS calculated for
C,H,NO,: 271.0845; found: 271.0827.

Synthesis of benzyl arylacetate reference compounds
The required arylacetyl chlorid8a, b, d—f (0.061 g,
6.4 mmol) was dissolved in benzene (5 mL) and addecg
slowly to a solution of benzyl alcohol (0.16 g, 0.8 mmol) in
pyridine (0.2 mL, 2.3 mmol) which was cooled in an ice
bath. After addition the stirring was continued for one hour.
The benzene layer was washed twice with water (5 mL), an
dried with magnesium sulphate. After filtration and evapora
tion of the benzene, thtH NMR spectrum in @D, refer

enced top-xylene at 2.10 ppm, was recorded. Synthesis of 4-substituted-benzyl phenylacetates (7a—f)

8c (20) pale yellow oil;'H NMR (200 MHz, CDC}) &: A solution of phenylacetyl chloride (0.51 g, 3.0 mmol) in
3.60 (s, 2H), 5.03 (s, 2H), 7.08-7.29 (m, 10HH NMR benzeng (5 mL) was added slowly to a cooled sollutlon.of_ the
(300 MHz, GDg) 3: 3.40 (s, 2H), 4.97 (s, 2H), 7.09-7.22 appropriate arylmethanol (0.4 g, 3.0 mmol) in pyridine

(m, 10H); 3C NMR (50 MHz, CDCL) &: 41.33, 66.61 (0.5 mL, 9.0 mmol). After one hour the benzene solution
128.18. 128.54. 12927 13583 171.39 (C:@é NMR ~ Was washed twice with water and dried with magnesium sul

(75 MHz, G,Dg) 5: 41.35, 66.42, 128.2, 128.3, 128.7, 129.6 phate. Benzene was removed with a rotary evaporator. Some

134.5, 170.92 (C=0). GC/MS (Eljvz 226 (M', 1), 91 of the esters were purified by radial chromatography
(100) 65 (10). o (Chromatotron, 10% EtOAc in hexanes).

7a (21,22) Oil; *H NMR (300 MHz, CDCH) &: 3.61 (s,
2H), 3.77 (s, 2H), 5.04 (s, 2H), 6.83-6.87 (m, 2H), 7.20-
.1 .
7.16-7.30 (m, 7H)IH NMR (300 MHz, GD) : 3.23 (s, 20 (M, 7H); H NMR (300 MHz, GD) 6: 3.20 (s, 3H),
. 3.32 (s, 2H), 4.89 (s, 2H), 6.65 (4] = 8.7 Hz, 2H), 7.00
3H), 3.32 (5, 2H), 4.92 (s, 2H), 6.68 (&) = 8.7 Hz, 2H), 3770 > T Tia NMR (95 Mz CDCL 5. 41 28, E6. 17
7.00-7.08 (m, 7TH)3*C NMR (50 MHz, CDC) &: 40.43,  -10.(m, 7H); ( z, CDCY) 8. 41.28, 55.17,

oo o M ) ' e 66.37, 113.56 (C2), 126.97, 127.93, 128.46, 129.19, 129.89,
55.26, 66.55, 114.00, 128.10, 12851, 13030, 132.29)35°00 152 ™17 20" (CL0). MS (Bie 256 (VT 21)
172.93 (C=0). 121 (100), 91 (37): MS (CI, N§ m/z: 256 (M, 8), 138 (8),
8b: (24) Oil; '"H NMR (200 MHz, CDC}) &: 2.33 (s, 3H), 121 (100).

3.63 (s, 2H), 5.13 (s, 2H), 7.10-1.33 (m, OHH NMR 71y (24) Qil; 'H NMR (300 MHz, CDCH) &: 2.34 (s, 3H),
(300 MHz, GDy) 8: 2.02 (s, 3H), 3.34 (s, 2H), 4.90 (s, 2H). 6 65 (s, 2H), 5.08 (s, 2H), 7.13-7.31 (m, 9H} NMR
6.87-7.12 (m, 9H);"C NMR (50 MHz, CDCY) 8: 21.03, (300 MHz, GDg) 3: 2.00 (s, 3H), 3.32 (s, 2H), 4.91 (s, 2H)

40.91, 6653, 128.09, 128.49, 129.24, 130.83, 13592585 71 (m. OH)IC NMR (75 MHz CDCL) & 21.16
136.70, 171.57 (C=0); MS (Ehvz 240 (M", 25), 193 (13), 41 36, 66.57, 127.06, 128.27, 128.55. 129.21, 129.27,

181 (16), 105 (100), 91 (76); MS (CI, Njim/z: 258 (M + 135 89 133.95, 138.03, 171.41(C=0); MS (Efjyz 240
NH,)", 13), 241 (M + HY, 5), 216 (79), 108 (51), 91 (100). (m*. 16). 209 (5), 105 (100). 91 (46). 65 (12): MS (CI,
. +
8¢ (23) oil: 'H NMR (300 MHz, CDCH) &: 3.60 (s, 2H), g:%m/z. (M + NH,)", 26), 154 (16), 105 (100), 91 (34),
5.10 (s, 2H), 7.16-7.32 (m, 9HJH NMR (300 MHz, G,Dg) (5).
5: 3.13 (s, 2H), 4.88 (s, 2H), 6.76 (4] = 8.4 Hz, 2H), 6.79—  7¢: Oil; 'H NMR (300 MHz, CDC}) &: 3.63(s, 2H), 5.05 (s,
7.15 (m, 7H);**C NMR (75 MHz, CDC}) &: 40.52, 66.69, 2H), 7.17-7.29 (m, 9H)!H NMR (300 MHz, GDg) &: 3.29
128.09, 128.24, 128.49, 130.60, 132.25, 133.04, 170.9{s, 2H), 4.69 (s, 2H), 6.73 () = 8.4 Hz, 2H), 6.93-7.12
(C=0); MS (El)m/z: 260 (M", 10), 181 (10), 127 (24), 125 (m, 7H); 3C NMR (75 MHz, CDCh) &: 41.23, 65.64,
(60), 91 (100), 65 (16), 63 (10); MS (CI, N m/z: 278  127.10, 128.52, 128.62, 129.17, 133.67, 134.29 (C2), 171.19
(M + NH,)", 55), 125 (44), 108 (49), 91 (100), 80 (42); (C=0); MS (El) m/z. 260 (M*, 8), 125 (87), 91 (100), 65
HRMS calculated for GH;30,Cl: 260.0604, found: (18), 51 (5); MS (CI, NH) m/z 278 (M + NH,)*, 55), 260
260.0603. (M*, 5), 184 (42), 125 (100), 108 (19), 91 (39); HRMS<al

8e: Oil: 1H NMR (300 MHz, CDCY) 5 3.71 (s, 2H), 5.13 culated for GsHy40,Cl: 260.0604 found: 260.0603.

(s, 2H), 7.28-7.35 (m, 5H) 7.38 (dJ = 8.1 Hz, 2H), 7.56 7e Yellow solid, 2H NMR (300 MHz, CDC}) &: 3.66 (s,
(d, 3] = 8.1 Hz, 2H);'H NMR (300 MHz, GDg) &: 3.13 (s, 2H), 5.14 (s, 2H), 7.22-7.29 (m, 5H), 7.35 @, = 8.0 Hz,
2H), 4.88 (s, 2H), 6.76 (®J = 8.0 Hz, 2H), 6.79-7.15 (m, 2H), 7.55 (d,3] = 8.1 Hz, 2H);'H NMR (300 MHz, GDy)
7H); 13C NMR (75 MHz, CDC}) &: 29.69, 66.95, 125.48, &: 3.31 (s, 2H), 4.69 (s, 2H), 6.80 (& = 8.0 Hz, 2H), 7.00—
125.55, 128.24, 128.38, 128.54, 128.61, 129.37, 129.71.12 (m, 5H), 7.20 (d3J = 8.1 Hz, 2H);13C NMR (75 MHz,
135.61, 137.84, 170.55 (C=O¥F NMR (282 MHz, CDC},  CDCly) &: 4.21, 65.45, 125.40, 127.17, 127.87, 128.53,
ref. CCLF) & —62.82 (s); MS (Elywz 294 (M*, 3), 181 (8), 129.17, 133.53 (C2), 139.76, 171.06 (C=CFF NMR

8a (21-23) Oil; 'H NMR (200 MHz, CDC}) &: 3.59 (s,
2H), 3.78 (s, 3H), 5.10 (s, 2H), 6.84 (&) = 8.6 Hz, 2H),
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(282 MHz, CDC}) d: —62.89 (s); MS (El)m/z 294 (M", 8),  Ratios of non-ester products
159 (60), 109 (18), 91 (100), 65 (33), 49 (82); MS (CI, The thermolysis mixtures from the substituted dibenzyl
NH3) m/zz 312 ((M + NH,)*, 90), 272 (8), 176 (16), 159 oxy oxadiazolinesta, b, d, ande were analyzed by means
(18), 108 (71), 91 (100); HRMS calculated fogH,50,F;:  of GC/MS (DB-5 capillary column, i.d. 0.25 mm) and
294.0868, found: 294.0858. GC/FID (DB-1 megabore column, 0.53 mm i.d., flow rate
15 mL/min) equipped with an integrator. Both separated all
7f: White solid mp 59-61°CH NMR (300 MHz, CDCL)  of the products except the isomeric esters. Correction factors
3: 3.67 (s, 2H), 5.18 (s, 2H), 7.22-7.32 (m, 5H), 7.37 (d,were used to correct the responses from the FID (29).
3] = 8.6 Hz, 2H), 8.13 (dJ = 8.1 Hz, 2H);'"H NMR  Thermolysis of each of the substrats b, andd-f gave 2
(300 MHz, GDg) 3: 3.31 (s, 2H), 4.60 (s, 2H), 6.63 (8] =  penzyl formates and 3 bibenzyls, which were identified from
8.7 Hz, 2H), 7.01-7.12 (m, 5H), 7.68 (&] = 8.8 Hz, 2H);  their mass spectra, as well as two orthoformates. Ratios were
%C NMR (75 MHz, CDC}) &: 41.18, 64.90, 123.65, 127.26, estimated from GC/FID data. Identification of benzyl
128.06, 129.16, 133.38, 143.03, 147.59, 170.93 (C=0); MJormate, bibenzyl and tribenzyl orthoformate was confirmed
(E) m'z: 271 (M", 5), 136 (5), 106 (3), 91 (100), 65 (10); by comparison with the GC trace of authentic samples.
MS (CI, NH3) mz: 289 (M + NHy)*, 8), 271 (M, 2) 135 The following are some product ratios. Benzyl formates,
(11), 108 (10), 91 (100), 65 (6). HRMS calculated for HCO,CH,Ph:HCQ,CH,Ar from 4a, 1.0:0.79;4b, 1.0:0.42;

C1sH1aNO,: 271.0845, found: 271.0861. 4d, 1.0:1.5;4¢ 1.0:1.6. Bibenzyls, PhCJEH,Ph:PhCHCH,AT:
ArCH,CH,Ar from 4a, 1.0:1.7:0.40;4b, 1.0:1.8:0.85;4d,
Dibenzylcarbonate 1.0:1.7:0.704¢ 1.0:1.9:0.74. Orthoformates, HC(OEMOCHAY:

To benzyl alcohol (1.5 g, 13 mmol) and pyridine (0.98 g, HCOCH,Ph(OCHAI), from 4a, 0.39:1.0;4b, 1.15:1.0;4d,
12.3 mmol) in 60 mL of dichloromethane under nitrogen, 1.06:1.0
1,1-carbonyldiimidazole (1 g, 6.1 mmol) in 20 mL of-di
chloromethane was added during 1 h. The solution waghermolysis of 4c in the presence ofert-butyl alcohol
stirred overnight, washed once with water, twice with 5% A solution of 4c (224 mg, 0.72 mmol), containing 4.6%
HCI, once with water, and then with brine. Drying with dibenzyl carbonatetert-butyl alcohol (1.69 g, 22.9 mmol)
magnesium sulphate, filtration, and removal of the solventaind 1,4 dimethoxybenzene (10.1 mg, internal standard) in
left crude dibenzyl carbonate that was purified by centrifugaldry benzene (28 mL) was sealed into a resealable
chromatography, mp 28-29°C (lit. (26) mp 27.3-29.1%E);  thermolysis tube after three cycles of freeze-pump-thaw de-
NMR (200 MHz CDC}) &: 5.09 (s, 4H), 7.13-7.37 (m, gassing. The sealed tube was kept at 110 + 0.1°C in an oil
10H);*H NMR (200 MHz, GDg) & 4.94 (s, 4H), 7.04-7.17 bath for 24 h. Removal of the solvent and unreacted-
(m, 10H); °C NMR (50 MHz, CDC}) &: 69.58 (CH),  butyl alcohol with a rotary evaporator left dibenzgtt-butyl
128.21, 128.47, 135.13, 154.99 (C=0); MS (Ehz 180 orthoformate in 43% yield'H NMR (200 MHz, GDg) &:
(4), 151 (5), 107 (32), 91 (100), 79 (32), 65 (14), 51 (11);1.19 (s, 9H), 4.74 (s, 4H), 5.62 (s, 1H), 7.13-7.43 (m, 10H);
MS (Cl) m/iz 260 ((M + NH,)*, 100), 243 (M + HJ, 10), 23C NMR (50 MHz, GDg) &: 28.8 (CH,), 65.1 (CH), 74.2
198 (26), 181 (32), 108 (73), 91 (72). (CMe;), 108.8 (orthoformyl), 127.5, 127.9, 128.5, 138.9.
Dibenzyl carbonate (3%) was also formed; spectra above.
Tribenzylorthoformate
To 4c¢ (30.3 mg, 0.106 mmol, containing 9% carbonate) inThermolysis of 4c in the presence of TEMPO (9)
benzene (1 mL) was added dimethoxybenzene (3.6 mg, A solution of 4c (30.6 mg, 0.098 mmol)9 (131.4 mg,
0.026 mmol, internal standard) and benzyl alcohol (60.6 mg0.84 mmol), and 1,4-dimethoxy benzene (2.3 mg, internal
0.56 mmol). The solution was flame sealed into an NMRstandard) in 0.8 mL of dry benzene was degassed as de
tube after three freeze-pump-thaw cycles and heated atcribed above before it was sealed into a thermolysis tube
110°C for 24 h. Column chromatography with 10% EtOAc for 24 h of heating at 110°C. The products from the ther
in hexanes yielded tribenzylorthoformate (224 NMR  molysis, listed below, were identified by means of GC/FID
(200 MHz, CDC}) &: 4.66 (s, 6H), 5.43 (s, 1H), 7.24-7.35 (DB-1 column, 30m x 0.53 mm, flow rate 15 mL mj), by
(m, 15H); *C NMR (50 MHz, CDC}) &: 66.33, 111.51 coinjection of authentic samples. A correction factor was ap
(orthoformyl), 127.71, 127.88, 128.41, 128.58, 137.46. plied to the GC integrals for the yield calculations (29).
Benzyl formate, 18%, retention time 10.0 mib), 18%,
Benzyl formate retention time 26.6 min; benzyl phenylacetate, 13%, reten
Benzyl alcohol (2.16 g, 0.02 mol), ethyl formate (1 g, tion time 28.1 min; dibenzyl carbonate, 18%, retention time
0.013 mol) and a catalytic amount 05,80, were dissolved 30.4 min; tribenzylorthoformate, 42%, retention time 41.2 min.
in 10 mL of benzene and heated at 50°C for 24 h. After
cooling the solution was washed with 10 mL of 10% NaOH Synthesis of authentic 10
and then with 10 mL of saturated NaCl. Evaporation of the Adduct 10 was prepared from TEMPO, toluene, and di-
solvent and unreacted ethyl formate left benzyl formate (28Jert-butylperoxide as described previously (11).
that was purified by means of centrifugal chromatography
(Chromatotron, 10% EtOAc in hexanes)H NMR  Thermolysis rate constant for 4c
(200 MHz, CDC}) &: 4.60 (s, 2H), 7.23-7.43 (m, 5H), 8.13  The rate of fragmentation ofic was monitored by'H
(s, 1H); 'H NMR (200 MHz, GD) &: 4.91 (s, 2H), 7.12— NMR spectroscopy (200 MHz). A solution dfc (16.9 mg,
7.15 (m. 5H), 7.63 (s, 1H)**C NMR (50 MHz, CDC}) &:  0.05 mmol) andp-xylene (1uL, 0.008 mmol) in benzendg
65.64, 128.32, 128.48, 128.62, 135.19, 160.71 (C=0). (0.54 mL) wassealed into an NMR tube after threequences
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of freeze-pump-thaw degassing. The tube was removed ab.

intervals from an oil bath at 110°C and cooled to room+em

perature before thtH NMR spectrum was obtained. Correc 7.

tions to the time scale were not made for cooling and
reheating of the contents of the tube.

A plot of In (1/1y) vs. time, wherd, andl, are the normal
ized integrals for the oxadiazoline GHiydrogens at time
and time zero, was linear (12 data pointss 0.9963). The
first orderdecomposition rate constari, (5.c = 8.7 x 10° s

. - 1.
was obtained from the slope of the least squares line throug?ﬁ

the origin. The fragmentation off, followed by the above ,
procedure, gavé;goc = 7.9 x 10° st (r = 0.9985).

Dependence of product yields on concentration ofert-
BuOH

Solutions of dibenzyloxy oxadiazolind¢, 0.023 M), 1,4-
dimethoxybenzene (0.009 M) anert-BuOH (0.01, 0.04,

0.08, 0.12, 0.16, 0.24, 0.32, 0.18, and 0.70 M) in one mL ofl’:

benzene were heated at 110°C for 24 h after being flam
sealed into an NMR tube following degassing by means o
the freeze-pump-thaw cycle. Plots of the normalized G
integrals, for the ester and for dibenzylert-butyl
orthoformate, against th&ert-BuOH concentration, are in
Fig. 1.
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