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cclipsing interactions (i.e., to a more favorable dihedral angle
relationship) in proceeding from 6 to 4 (cf. 4a).'0

Although it was envisaged that steric factors might retard
the addition of 4 to methyl y-hydroxycrotonate, in fact this
reaction proceeds smoothly in chloroform at 45 °C to provide
isoxazolidine 8a in 86% yield!' (Scheme I).

The regiochemical assignment is consistent with those
previously observed for various crotonate-nitrone cycloaddi-
tions!*!2 and is reinforced by the spectral similarity of 8a to.
the isoxazolidine!* derived from 1-pyrroline 1-oxide and the
same dipolarophile. Isoxazolidine 8a exhibits the expected
three singlets (NMR) at 6 3.20, 3.68, and 3.76 ppm, attributed
to the three methyl groups. Conversion of 8a into the corre-
sponding mesylate 8b (MeSO,Cl, EtsN, CH,Cl,) in 99% yield
is accompanied by the loss of hydroxyl stretching absorption
(~3 ) with persistence of carbonyl absorption (5.77 i) in the
IR spectrum. Moreover, an additional methyl resonance ap-
pears at 6 3.10 ppm (NMR). While the NMR spectra of 8a
and 8b suggest the presence of a diastereomeric mixture of
adducts, this factor in no way complicates our synthetic ob-
Jectives since the chirality at both C-2 and C-3 is subsequently
annihilated.

The hydrogenolysis of the nitrogen-oxygen bond at 8b
(Pd/C, Hs, MeOH) leads to the formation 9a (84%) by the
concomitant displacement of the mesylate by the newly lib-
erated secondary amine function. The pyrrolizidine 9a, IR
(CHCls) 2.84 (OH) and 5.78 u (C==0), incorporates three
three-proton singlets at 4 3.19, 3.22, and 3.71 ppm in the NMR
spectrum. The mass spectrum exhibits a molecular ion at ni/e
245.

Conversion of the 5-hydroxy ester 9a into the corresponding
mesylate 9b was followed by triethylamine-mediated elimi-
nation to give the o,G-unsaturated ester 10 (98%). The car-
bonyl absorption of 10 appears at 5.80 u (IR), while its NMR
spectrum contains the vinyl signal at 4 6.64 ppm (brs, 1) and
three methoxyl signals at § 3.75 (s, 3, CO,Me), 3.20 (s, 3,
OMe), and 3.36 ppm (s, 3, OMe). The ketone (81% yield)
derived from 10 by hydrolysis (37% hydrochloric acid, DME)
shows pronounced thermal lability even at 0 °C and was
therefore rapidly reduced to the corresponding alcohol ester
11, mp 122-123 °C, with sodium borohydride in methanol.
This alcohol exhibits spectral properties identical with those
recorded by Culvenor,!? who obtained 11 from natural d-
retronecine.

The hydroxy ester 11 was converted into d/-retronecine by
reduction with alane in THF.!* The d/-retronecine (mp 130
°C, lit.? mp 130-131 °C) so obtained possessed IR and NMR
spectral properties identical with those of an authentic sample
of d/-retronecine.

In an effort to provide the efficient synthesis delineated
above with even further economy, we attempted to generate
the a-keto nitrone 1 from the ketal 4. Indeed, exposure of 4 to
1% hydrochloric acid at 0 °C for | h resulted in the generation
of the nitrone as indicated by an absence of the methoxy! sin-
glets, and the presence of the nitrone proton at C-2, 6 7.15 ppm
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(s, 1), in the NMR spectrum; however, the solution containing
this c-keto nitrone darkened rapidly. Clearly, the ketal nitrone
4 offers the greater synthetic potential.
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Structural Dependence of 130 Isotope Shifts
in 13C NMR Spectra
Sir:

Isotopic substitution with '80 causes shifts in the NMR
resonance positions of attached nuclei such as *Mn, Mo, and
3'P which are useful in mechanistic studies.! Recently Risley
and Van Etten confirmed? theoretical prediction? of an '#0
isotopic effect on '*C NMR spectra by observing an upfield
shift for ['8O]-rert-butyl alcohol. We now report that the
'80-induced upfield shift in natural-abundance '*C NMR
spectra appears to be a general phenomenon, and that its
magnitude is dependent on structure.

The '#0-labeled compounds listed in Table I were prepared,*
and their natural-abundance *C NMR spectra were measured
on a Bruker WH 400 instrument at 100.6 MHz in the Fourier

© 1980 American Chemical Society



Communications to the Editor

Table I. Upfield Shifts at 100.6 MHz on Carbons Attached to
1800

180
X—C—Y

X Y shift in Hz
phenyl CH; 5.0
phenyl phenyl 4.6
phenyl H 4.2
CH;(CH»y)e H 4.8
cyclohexyl CH3 5.2

cyclohexanone 5.3

pulegone 4.5

cyclohexyl OCH,CH,CH3; 3.9

cyclohexyl O-cyclohexyl 3.7

phenyl O—CH2CH2CH3 33
cyclohexyl NH; 3.6%

Cyclohexyl HNCH2CH2CH3 33

cyclohexyl N(CH>CH;CHa)» 33
phenyl NH; 3.0¢

phenyl HNCH2CH2CH3 2.8

phenyl N(CH,CH,CHs;) 3.0

2-pyrrolidone 2.8

ISOH
Rl—T_Rs
R,

R, R, R3 shift in Hz
CH3 CH; CH; 3.54
cyclohexyl CH3 CH; 3.2
cyclohexyl CH; H 2.6

cyclohexanol 22
CH3(CHay)e H H 2.1
phenyl CH; H 23
phenyl phenyl H 2.0
phenyl H H 1.9
a-D-glucose ('*0 on Cy) 1.5¢
B-D-glucose (130 on Cy) 1.3¢
Ri—C—"20—R,
shift in Hz
R, R> C=0 R>
phenyl CH>CH,CHj; 1.5 3.2
cyclohexyl CH>CH>CH3; 1.5 3.0
a-D-glucose pentaacetate ("0 on C)) 1.0 2.4
-D-glucose pentaacetate ('80 on C) 1.0 2.6

@ Spectra were run in CDCl; unless noted; all shifts are £0.1 Hz.
" Me>SO-dg. © Acetone-dg. 4 Calculated from ref 2. ¢ Pyridine-ds.

transform mode.> Labeled aldehydes and ketones were made
by exchange with 50 atom % excess [!30]water® containing
a trace of HCI (24 h, 25 °C).” Sodium borohydride reduction
(4-fold excess, THF-methanol, 3 h, 25 °C) of these compounds
produced the corresponding '80 alcohols. Benzoic acid and
cyclohexanecarboxylic acid were exchanged with ['¥Q]water’2
and converted via the acid chlorides into the derived amides
and esters which were labeled in the carbonyl oxygen.? Propyl
benzoate and propyl cyclohexanecarboxylate labeled in the
other oxygen were prepared similarly from ['®*O]propanol
obtained by reduction of exchanged propanal. D-Glucose was
labeled by heating in ['80]water® and converted into the «-
and 3-pentaacetates.'® In a typical NMR experiment, the full
proton-decoupled spectrum of 1 mmol of sample in 2.5 mL of
solvent was recorded using a 10-mm probe, and the spectrum
was rerun to expand the region containing the carbon bearing
'8Q. Under these conditions, a total of 40 scans, 2000-Hz sweep
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Figure 1, Natural abundance 100.6-MHz '*C NMR spectrum of labeled

[1-'80]-a~D-glucose pentaacetate in CDCl;. Chemical shift values are
given in parts per million relative to MesSi.
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width, 8.2-s acquisition time, 45° pulse angle, and 32K data
block was adequate for the expansion. A number of experi-
ments were repeated at higher resolutions to ensure accuracy.
Since all of the compounds contained between 15 and 50%
180, two peaks were always observed for the attached car-
bons, the upfield one being due to carbons substituted with
130,

The emerging trend in Table T'is that the magnitude of the
isotope shift for the carbon attached to a labeled carbonyl
oxygen tends to decrease in the order ketones = aldehydes =
esters = amides. Conjugation with a phenyl ring reduces the
shift by ~0.002-0.006 ppm (0.2-0.6 Hz at 100.6 MHz). Ad-
ditional alkyl substitution has only a small effect. Changing
the solvent from CDCls to Me,SO-dy, pyridine-d's, benzene-dg,
or methanol-d4 caused no measurable change in the isotope
shift of carbonyl-labeled propyl benzoate, although.the actual
NMR resonance positions were altered. ,

Tertiary alcohols tend to exhibit a larger isotope shift than
primary or secondary alcohols. Benzylic alcohols show very
slightly smaller chemical shift differences for the two isotopic
species than completely saturated analogues. In contrast to the
other compound classes, solvent effects for alcohols are sub-
stantial; the isotope shift for 1-phenylethanol was 2.3 Hz in
CDCl,, 2.1 Hz in benzene-ds, and 2.0 Hz in pyridine-ds.
Hydroxylic solvents such as methanol-d4 or DO caused
broadening of the two signals normally observed for the mix-
ture of labeled and unlabeled alcohols to a single peak en-
compassing the whole region. This may be due to the existence
of various hydrogen-bonded forms in solution.

Mass spectrometry has been the general analytical technique
for determination of extent and position of 30 label in organic
compounds,'? but multiply oxygenated materials often require
extensive prior degradation to ascertain the structures of the
fragments. In a simple example, the 70-eV electron impact
mass spectra of both [carbony!-'¥0]- and [alkoxy-'3O]propyl
cyclohexanecarboxylate show the highest mass ions at m/e 129
and 131, corresponding to C7H30,. The present NMR
method facilitates immediate localization of the label on the
basis of the greater shift magnitude of the [carbonyl-'30]
compound and the occurrence of a second “split carbon” in the
spectrum of the other isomer.!? Conversely, knowledge of the
position of label allows assignment of the !3C NMR spectrum.
Although the five carbonyl carbon resonances in unlabeled
a-D-glucose pentaacetate are separated by <2 ppm, it is pos-
sible to identify the signal due to the anomeric acetate carbonyl
using the spectrum of '80-labeled compound (Figure 1).

Theoretical calculation of isotope shift would require exact
knowledge of changes in electron density and molecular ge-
ometry,>-!* but these preliminary empirical studies suggest
trends correlating structure and shift magnitude. In addition,


~0.002-0.006
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the effect appears to be a general phenomenon which com-
plements mass spectrometry in '30-labeling studies.!> We are
currently investigating the influence of hybridization changes
on shift magnitude and applications in secondary metabo-
lism.
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Disproportionation of Trimethylsilyl at 25 °C.
Mercury Photosensitization of Trimethylsilane
Sir:

While the disproportionation of trimethylsilyl radicals has
been invoked under pyrolysis conditions,' this reaction has been
suggested on a number of occasions to be negligible at or near
room temperature.2-¢ Nay, Woodall, Strausz, and Gunning
have examined the mercury photosensitization of trimeth-
ylsilane with some care.® This method was also used by Cad-
man, Tilsley, and Trotman-Dickenson to generate (CH3)3Si
for a gas-phase rotating-sector experiment.? Both groups in-
dicated they did not expect reaction 1 to be important and
found no evidence to contradict that expectation. Recent de-
velopments suggest a reexamination of this system may be
Justified.

2(CH3)3Si - (CH3)3SlH + [(CH3)2SlCH2] (1)
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Figure 1. Ratio of the quantum yield of trimethylmethoxysilane to
hexamethyldisilane plotted vs. reciprocal methanol-d, pressure (in Torr).
Least-squares fit intercept is 0.31 + 0.08.

[(CH3)2SiCH53] produced in the gas phase by pyrolysis di-
merizes to 1,1,3,3-tetramethyl-1,3-disilacyclobutane in good
yield.” The dimer, however, apparently does not form near
room temperature when [(CH3),SiCHa,] is produced by gas-
phase photolysis.® Since the other product of reaction 1 is the
starting material, (CHj3)3SiH, this reaction could easily go
unnoticed while still occurring.

In a recent discussion of the photolysis of tetramethylsilane,’
we reported a ratio of the rate of reaction 1 to reaction 2 of 0.48
+ 0.2. The large uncertainty in our value for k |/ k>, the ready
availability of trimethylsilyl radicals from Hg photosensiti-
zation of trimethylsilane, and the possibility that reaction 1
was overlooked in earlier work all suggest that this system be
reexamined with emphasis on possible detection of
[(CH3):SiCH,].

2(CH3),Si — (CH3)eS1z (2)

Small amounts of methanol have been demonstrated to be
an effective, though not quantitative, trap for [(CH3),SiCH,)
in the gas phase.® Trimethylsilane, 120 Torr, and 0.6 to 12 Torr
of perdeuterated methanol in a quartz vessel fitted with a
Teflon stopcock (Kontes) and containing a small droplet of Hg
were placed in a Rayonet photochemical reactor fitted with
low pressure mercury lamps. Products were analyzed as re-
ported previously using a gas chromatograph and mass spec-
trometer.8

Trimethylmethoxysilane, the expected addition product of
[(CH3),SiCH;] and CH30H, is found in good yield in these
experiments. Figure 1 plots the ratio of (CHj),-
CH,DSIOCD3/(CH3)6Sis vs. [CD3;OD] L. The intercept of
this plot is presumed to correspond to the limiting yield of
(CH3)>CH,DSIiOCDs; and this is a direct measure of k1 /%>,
This value is 0.31 % 0.08. Since the quenching cross section®
for Me3SiH is about three times larger than that for metha-
nol,'% and since P(Me3SiH)/P(CD30D) = 10, it seems highly
unlikely that (CH;3),CH,;DSiOCDj3 arose owing to sensitiza-
tion of the methanol. The incorporation of all of the metha-
nol-d4 deuterium into the trimethylmethoxysilane is also
consistent with its production as an addition of methanol-dy4
to [(CH3),SiCHj3]. In their earlier work, Nay et. al. found the
limiting quantum yield of (CH3)6Si; to be 0.78 while products
of less methylated silanes corresponded to a unit quantum
yield. If the difference between ®[(CHj3)6Siz] and unity is
ascribed to reaction 1, then k/k, = 0.28, a value similar to
that determined in this work.

It appears to us that disproportionation of (CHj3)3Si is a
self-reaction competitive with combination of these radicals.
Failure todiscern it in earlier work2-6 most likely is the result
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