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variable changed is yy. Thus the pmr/dmr line-width
ratio is expected to be close to the value of ~42 pre-
dicted by theory. It is apparent from the table that
this ratio is not always realized. In order to test for
the effects of changes in concentration and possible
saturation, pmr and dmr spectra of the Mn(III) com-
plex were measured on samples ranging from 0.08 to
0.40 M and at several radiofrequency power levels. The
resulting line widths agree within about 109]. Devia-
tions from the theoretical line-width ratio were found
earlier for solutions of paramagnetic metal ions in H,O
and D,O.* These results imply that other factors, pres-
ently undetermined, affect the relaxation times of nuclei
in paramagnetic environments.

Although the pmr/dmr ratios in Table I are not
generally in agreement with theory, the present results
do indicate a gain in resolution upon replacing protons
by deuterons in paramagnetic molecules. We hope
this will allow extension of isotropic shift studies to
metal ions having relatively long 7,, The improvement
in resolution is most noticeable for Cr(acac);; both
the CH; and C-H resonances are clearly seen in the
dmr spectrum. The C-H signal is not apparent in the
pmr spectrum. Another advantage of dmr over pmr
for paramagnetic systems is that selective deuteration
allows unambiguous signal assignments and avoids
interference from resonances of nuclei at other sites
(not deuterated). Furthermore, spectra are less likely
to be complicated by spin—-spin coupling, since Jpp <
Jpur < Jun.
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Conformational and Solvent Effects on
Carbene Reactions!
Sir:

Carbalkoxycarbenes, generated by the photolysis of
the parent diazo esters, undergo facile intermolecular
C-H insertion and double bond addition reactions in
hydrocarbon solvents.®? Curiously, the intramolec-
ular counterparts of these reactions, which would gen-
erate lactones, are not realized. For example, the
photolytic decomposition of allyl diazoacetate in cyclo-
hexane gives rise to allyl cyclohexylacetate as the sole
product.* One only starts to see lactone formation
when the alkoxy portion of the diazo ester is exception-
ally bulky. Photolysis of zerz-butyl diazoacetate in cy-
clohexane affords 9.597 v,y-dimethylbutyrolactone
along with 90.597 tert-butyl cyclohexylacetate.® It
would appear that the dominant factor in these reac-
tions is a conformational one,® whereby the O-alkyl
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moiety of the diazo esters never achieves sufficient
proximity to the divalent center, except in the bulky
tert-butyl case, for intramolecular reactions to ensue.
If this is indeed the case, we would expect N,N-dialkyl
diazo amides to undergo principally intramolecular
lactam formation upon photolysis, since one alkyl
group must lie in close proximity to the divalent center
as a consequence of the planar peptide bond. We
herein report the results of a study of the photochem-
istry of N,N-diethyldiazoacetamide (1) and demonstrate
aremarkable solvent effect on its reactions.
N,N-Diethyldiazoacetamide (1) was prepared by con-
densing p-nitrophenyl diazoacetate with diethylamine
in the usual manner.” After purification on Woelm
activity grade IV alumina, 1 was obtained as a viscous
yellow oil which exhibited strong infrared absorption
(CHCl;) at 4.69 and 6.2 . and nmr absorption (CDCl,)
at 4.9 (s) of relative area 1, 6.7 (q)® of relative area 4,
and 8.8 (t)® of relative area 6. Photolysis? of 270 mg of
the diazoamide in 15 ml of dry, distilled p-dioxane led
to the recovery of 205 mg of a light yellow oil after the
removal of the dioxane. Vapor phase chromatography
of this material on 5 ft X Y/, in. 5% Carbowax 20M on
Chromosorb W (60-80 mesh) at 150° column tempera-
ture showed that two major products had formed ac-
counting for 979 of the total amount. The product
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with the longer retention time proved to be l-ethyl-
2-pyrollidinone (3) by comparison with authentic mate-
rial.!! The other product proved to be l-ethyl-4-
methyl-2-azetidinone (2). This (-lactam exhibited
carbonyl absorption in the infrared (CHCl;) at 6.28
i,'% nmr!? absorption (CDCl;) at 7 6.3 (m) of relative
area 1, 6.8 (q) of relative area 2, 7.2 (m) of relative area
1, 7.4 (m) of relative area 1, 8.7 (d) of relative area 3,
and 8.9 (t) of relative area 3. The mass spectrum of the
colorless oil 2 revealed the expected molecular ion at
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113 in addition to showing a cracking pattern uniquely
ascribable to a four-membered (B-lactam ring.}* A
similar mode of B-lactam formation was reported by
Corey!® in the synthesis of a penicillin derivative.
Quite strikingly, no intermolecular insertion into the
dioxane was observed.!®* This coupled with the ex-
clusive formation of 8 and # lactams (2 and 3) is en-
tirely consistent with the idea that the dominant force
in these reactions is a conformational one. Of course,
the results obtained from the photolysis of diazo esters,
where intermolecular products are exclusively formed,
are diametrically opposed to the ones reported here.

When diazo esters are photolytically decomposed in
hydroxylic solvents, such as alcohols, the formation of
intermolecular C-H insertion products is all but abol-
ished at the expense of Wolff rearrangement and O-H
insertion.™»” With this in mind, we photolyzed!® 1 in
methanol to see what effect this would have on the
intramolecular insertion processes. Remarkably, the
yield®® of B-lactam 2% was little affected, whereas the
formation of ~-lactam 3 was nearly nullified. The
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amide 4 is the O-H insertion product and the ester 5
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tions. Per cent yields shown are corrected for differences in electrical
conductivity and the 8/y lactam ratio has also been corrected for the
statistical factor, The yields shown in the figure are relative. The
absolute overall yield is 90 %, based on diazoamide.

(20) It is noteworthy that the photolysis of N-methyldiazoacetamide
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arises by addition of methano} to the Wolff-rearranged
product. Both structures were proved by comparison
with authentic materials. The suppression of -
lactam 3 formation finds analogy in the suppression of
intermolecular C-H insertion when ethyl diazoacetate
is photolyzed in methanol” or isopropyl alcohol.V

The fact that 8-lactam formation is not markedly re-
duced requires that the mechanism of its formation be
different from that leading to v-lactam. One would ex-
pect the charge separation developed in their respective
transition states to be markedly different. Structures
such as 7 should not be important contributors to the -
lactam transition state, whereas strctures such as 8
should be important contributors to the 3-lactam one. 2!
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We argue, then, that the B-lactam transition state,
having developed greater charge separation, is differ-
entially stabilized by the small, polar methanol mole-
cules and hence able to compete with Wolff rearrange-
ment and O-H insertion.

In attempting to utilize carbalkoxycarbenes to label
the aliphatic residues of proteins, Westheimer?? found
that most of the carbene was ‘“‘wasted” by Wolff re-
arrangement and O-H insertion into water. Our re-
sults are in accord with these findings since even the
conformationally favorable formation of vy-lactam 3
was nearly wiped out in a hydroxylic solvent. This
suggests that C-H insertion will be circumvented no
matter how close the carbene is generated to the ali-
phatic site, as long as water is in its vicinity.

(21) For ease of exposition the hydrogen atoms are shown fully trans-
fqrred in the 8- and vy-lactam transition state contributors. A more pre-
cise description of the transition states would probably require the
hydrogens to be only partially transferred with concomitant partial
charge separation.
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