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Conjugate addition of water to a-carbonylcarbenes
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ABSTRACT: a-Carbonylcarbene26—9 generated by UV photolysis of 2-diazophenylacetic adia),(its methyl
ester (b) and 4-diazo-3-isochromanonéd| in aqueous solution undergo conjugate addition of water across the
entire carbonylcarbene moiety to give enoBa{q of the corresponding-hydroxycarbonyl compounds. These
carbenes are long-lived, with microsecond lifetimes in aqueous soluid@98 John Wiley & Sons, Ltd.

KEYWORDS: Conjugate additiorny-carbonylcarbenes; water

INTRODUCTION acetic acid {a), its methyl ester b) and 4-diazo-3-
isochromanonel) [Eqgn (3)].

The insertion of-carbonylcarbenes into O—H bonds is a

well known? synthetically important reactioh.This o . OH OH

process is thought to proceed via two alternative routes: LN O/Y H,0 O)\(i Q)\(O

(a) formation of an ylide through electrophilic attack of RN T i e 3)

the carbene on an unshared electron pair of hydroxylic 1 2 3 4

oxygen, followed by a 1,2-proton shift to give the final

product, or (b) initial protonation of the carbene to give a

carbocation, which is then rapidly trapped by solvent
[Eqn (1)]**°
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by saponification of methyl 2-diazophenylacetatdy)(
Y \ itself obtained by lead tetraacetate oxidation of the
o]
> + . “OR /

R
- O +
3—‘2; W~ - i i i
. R_OH/ o H X_QQH " Materials. 2-Diazophenylacetic acidl§) was prepared
< 2 OR

hydrazone of methyl benzoylformateThe diazo acid
undergoes rapid acid-catalyzed hydrolysis)d therefore
was not isolated; aqueous stock solutions of the acid salt
were used instead. These were obtained by allowing a
solution of methyl diazophenylacetate, dissolved in an
equimolar amount of 0.& aqueous sodium hydroxide, to
stand at room temperature for 2 days and then washing
this solution with methylene chloride to remove any
unreacted ester. 4-Diazo-3-isochromanori) (was

R R prepared by a diazo transfer reaction frpracetamido-
;—2—0@ -— Q’Q* —_— "_}*OR ?) benzenesulfonyl azide to 3-isochromandne.
H H
[0} O_ OH

Kinetics. Flash photolysis was performed using a
conventional flash lamp system and an excimer-laser
system that have already been describ@the conven-
tional system produced a 5@ excitation pulse and the
laser system, operating at 248 nm, produced a 20ns
excitation pulse. In both systems the temperature of the
*Correspondence to:V. V. Popik, Department of Chemistry, ﬁ:;gﬂ?e;oéiegn;ggscﬁggglIgitagza:n%ggognRatke) g
University of Toronto, Toronto, Ontario M5S 3H6, Canada. y g absor
Email: vpopic@chem.utoronto.ca bance changes at 330 nm. Determinations were made in

[o]

However, as Eqgn (2) illustrates, the proposed oxygen
ylide could also undergo proton translocation from
hydroxylic oxygen to carbonyl oxygen to give an enol,
which would then ketonize, forming the observed
alkoxycarbonyl compound.

We have, in fact, observed such an enol-forming
reaction in the hydration of-carbonylcarbenes26—9Q
generated by laser flash photolysis from 2-diazophenyl-
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aqueoussolutionsover the rangeof acidity [H*] =1.0-
10*2m, using perchloric acid and sodium hydroxide
solutionsin additionto formic acid, aceticacid, biphos-
phateion, hydrogent-butylphosphonatén andtris(hy-
droxymethyl)metlglammonium ion buffers. The ionic
strength of the reaction solutions was maintained at
0.10Mm.

RESULTS

Photolysis of diazocarbonyl compounds in aqu-
eous solution

Photodecompsition of «-diazocarbonylcompoundsis

known to produce o-carbonylcarbene¥, which can
rearrangeinto ketenesor, in the presenceof water,
undergoinsertion into O—H bonds. Photolysisof all

three «-diazocarbonyl compounds la—c in aqueous
solutionsgives a-hydroxycarbonylcompoundsda—c as
the major productsin the caseof methyl 2-diazophenyl-
acetate (1b) and 4-diazo-3-isochromanen (1¢), the
formation of methyl mandelate(4b) and 4-hydroxy-3-
isochromanong4c), respectively,indicatesthat dedi-
azotization of the starting material leads to an «-

carbonylcarbenefollowed by hydration of the latter.
Photolysis of 2-diazophenylaceticaacid (1a), yielding

mandelic acid (4a), however, can proceed via two

differentroutes:formationandhydrationof carboxyphe-
nylcarbene (2a) or Wollf rearrangementof 2a to

hydroxyphenylketee, followed by nucleophilicaddition
of water[Eqn (4)].

* *

N> hv H20 OH

Ko b
P “COH PR COH P NCOOH

1 )
*

H

HO R
»—=c=0 PH” > COOH

Ph

These two mechanismscan be distinguished by
oxygen-18tracerexperimentsonductedin isotopically
labeled water. The carbonylcarbeneroute will give
mandelicacid with the isotopic label in its «-hydroxy
group, whereashydration of hydroxyphenylketee will
give mandelicacid with the isotopiclabelin its carboxy
group [Egn (4)]. The positions of the label can be
determinedeasily by massspectrometrypecausanan-
delic acid fragments readily upon electron impact
producing the hydroxybenzyl cation as the principal
speciesin its massspectrunt.® Our resultsshowedthat
96% of the mandelicacid formed from 2-diazophenyl-
acetic acid was labeled in its a-hydroxy group, thus
supportingthe «-carbonylcarbeneoute.
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Figure 1. Changes in absorbance at 330 nm observed in
laser flash photolysis of 2-diazophenylacetic acid in aqueous
solution

Flash photolysis: enol generation

Flash photolysis of diazocompoundsla—c produced
intermediateghat could be observedasa rapid rise and
thena slowerdecayof absorbancat 330nm (Fig. 1). In
all three casesthe observedintermediatesshowedthe
behaviorexpectef enols.Therate profilesfor reaction
throughsolvent-derivedpeciesn thepCy ' rangefrom0
to 12, shownin Fig. 2 are typical of enol ketonization
reactions; the reactions also showed general acid
catalysisand had solventisotopeeffectsin the normal
direction (ky/kp > 1). Thesefeaturesplus the structures
of final productsallowed us to identify the observed
intermediatessenol forms (3a—g of the corresponding
-hydroxycarbonykcompound¥’.

The ketonizationof enolsis known to occur by rate-
determiningprotonationof the -carbonatom of either
the enol or the enolateion, accordingto Eqn (5).

OH OH
Q/L\fw - Y
.. O . 0 &)
.R/ -.R/

1H20 or

H30*

H20 or
H30+

Therateprofiles(Fig. 2) providegoodevidencdor this
mechanismThey containacid-catalyzegortionsat low
pCy*, as expectedfor carbonprotonationof the non-
ionizedenolby the hydroniumion. Thisis thenfollowed
by a short‘uncatalyzed'regionat [H"] =10 103 m,
which representsither protonationof enol by a water
molecule or ionization of the enol to the much more
reactiveenolateion followed by carbonprotonationof
enolateby hydroniumion; in the latter case the fraction
of enolateanionis inversely proportionalto [H*], thus

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 610-613(1998)



612 Y. CHIANG ETAL.

10° |
f e — b b
&
oo | el
= U F ¢
108
102 r [ | L I ! ] 1 | I | L i
0 2 4 6 8 10 12

pCH+

Figure 2. Rate profiles for the ketonization of the enols of (O) mandelic acid (3a), (V) methyl mandelate (3b) and (@) 4-

hydroxy-3-isochromanone (3c)

giving the overall process the appearanceof an
‘uncatalyzed’reaction. This portion of the rate profile
is followed by a region of apparenthydroxide ion

catalysign which enolates carbonprotonatedy awater
molecule; the fraction of ionized substrateis still

inverselyproportionalto [H*], andsois therate.Finally,

when the position of the enol—enolatepre-equilibrium
shifts over to enolateion, this apparenthydroxideion
catalysisbecomessaturatedand another‘uncatalyzed’
portion of the rate profile, correspondingo simplerate-
determining carbon protonation of enolate by water,
results.Comparisorof ratesof reactionin H,O andD,O
gaveisotopeeffectsin the normaldirection (ky/kp > 1),
as expectedfor rate-determininghydron transfer to
carbon.

Interpretationof the rate profilesin Fig. 2 in termsof
thereactionEqn (5) allows the assignmenbf the breaks
in the profilesat[H "] ~ 10~° M to acidionizationof the
enols.

The enol of mandelic acid was also generated
independently by photolysis of benzoylformic acid
estersandit showsthe samebehaviorasthatgenerated
from 2-diazophenylacetiacid 1?2

Carbene hydration reaction route
a-Carbonylcarbene®a—c generatedfrom diazo com-

poundsla—cin aqueousolutionaddwaterto form O—H
insertionproducts4a—c[Eqgn (3)]. Formationof the enol
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Figure 3. Rate profiles for the hydration of a-carbonylcarbenes (O) (2a), (V) (2b) and (@) (2¢)
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intermediates 3a—c in this reaction rules out the
carbocation-generag and ylide mechanismsof Eqgn
(1), becausesuchprocessesvould not producean enol.
Our resultsare consistent,on the other hand, with the
enol-generating/lide mechanisnmof Eqn (2), especially
since the very rapid oxygen-to-oxygerproton transfer
thatconvertsthe ylide to anenol shouldrenderthe ylide
invisible on the timescaleof our experimentsWe also
cannot exclude a concertedaddition of water to o-
carbonylcarbenewhich avoidsanylide intermediate At
any rate, our observationof enol intermediatesin the
formation of O—H insertionproductsfrom «-carbonyl-
carbenega-cshowsthathydrationof thesespeciess not
a direct reactionof the carbeniccarbonatom only, but
thatit alsoinvolvesthe carbonylgroupof the carboxylic
acid function, andis morein the natureof a conjugate
addition of water acrossthe entire a-carbonylcarbene
moiety [Eqn (3)].

The carbenehydration reactionswere observedas a
fastriseof absorbancat330nm (Fig. 1). Thesereactions
arecatalyzedvy bothacidsandbasesandbothcatalyses
are generalin type. The rate profiles, shownin Fig. 3
sharecommonfeaturesthey containlong ‘uncatalyzed’
regions at [H']=10°-10°m where the carbene
presumablyreactswith water, followed by regions of
hydroxideion catalysiswherehydroxideion takesover
the role of attackingnucleophile At pCy* < 5, investi-
gationof the carbenehydrationreactionsbecomesnore
difficult: the signal of carbene2c becomesvery weak,
and2-diazophenylacetiacid (1a) undergoesapid acid-
catalyzedlecompositior.We neverthelesstill managed
to observeacid-catalyzedhydration of carbenes2a—c
(Fig. 3). It is likely that this acid-catalyzedreaction
proceedwia pre-equilibriumprotonationon the carbonyl
oxygen atom followed by rapid attack of water on
resultingvinyl cation[Eqn (6)]. Detailedinvestigationof
the mechanisnof thesereactionsis underway.

?:+H3O+__ ;>++H20 _>"Q70H (6)
Y OH OH

It is noteworthy that the lifetimes of the present
carbonylcarbenéntermediatesreaching2 us in neutral
solutions, are considerablylonger than those of other
carbonylcarbenewithout phenyl substituentghat have
been inferred from recent studies in non-aqueous
solvents®*® On the otherhand,a previousinvestigation

0 1998JohnWiley & Sons,Ltd.

of the phenyl-substitutedarbonylcarben@b in someof
the samenon-aqueousolvent$* reportediifetimes for
this substancapproachinghosefound here.

CONCLUSION

Flash photolysisof eachof the a-diazocarbonylcom-
poundsla—cin agueoussolutionsshowsthe formation
and decayof an intermediate.On the basisof standard
mechanistiariteria this intermediatehasbeenidentified
as the enol of the correspondinga-hydroxycarbogl
compound.Our investigationof the precursorsof these
enols indicates that the enols are formed by direct
conjugateaddition of waterto a-carbonylcarbeneghus
representinga new enol-formingreaction.

REFERENCES

1. W. Kirmse. CarbeneChemistry 2nd ed., pp. 423-430.Academic
PressNew York (1971).

2. W. Kirmse. in Advancesn CarbeneChemistry editedby U. H.
Brinker, pp. 1-51.JAIl PressGreenwich,CT (1994)

3. K. BrinerandA. Vasella.Helv.Chim.Acta75,621-6351992);H.
B. Wood, H.-P.BuserandB. Ganem.J. Org. Chem.57,178-184
(1992); M. P. Moyer, P. L. Feldmanand H. Rappoport.J. Org.
Chem.50, 5223-523(0(1985)

. J.P.ToscanoM. S.Platz,V. NikolaevandV. Popik.J. Am.Chem.
Soc.116,8146-8151(1994)

.N. P. Scheppand J. Wirz. J. Am.Chem.Soc.116,11749-11753
(1994).

. E. J. Ciganek.J. Org. Chem.35, 862-864(1970).

. A. J.Kresge,L. MathewandV. V. Popik.J. Phys.Org. Chem.8,
552-558(1995).

. E. A. JeffersonA. J. KresgeandS. W. Paine.Can.J. Chem.74,
1369-13721996).

. (@) Y. Chiang,M. Hojatti, A. J. Kresge,N. P. ScheppandJ. Wirz.
J. Am. Chem.Soc. 109, 4000-4009(1987); (b) J. Andraos,Y.
Chiang,C.-G.Huang,A. J.KresgeandJ.C. ScaianoJ. Am.Chem.
Soc.115,10605-1061F1993).

10. W. Ando.in TheChemistryof DiazoniumandDiazoGroupsedited

by S. Patai,Chapt.9, pp. 341-488 Wiley, Chichester(1978).
11.T. R. Sharp.Org. MassSpectrom15, 381-382(1980).
12.(a) Y. Chiang,A. J.Kresge V. V. PopikandN. P. ScheppJ. Am.
Chem.S0c.11910203-102121997);(b) Y. Chiang,A. J.Kresge,
P. PruszynskiN. P. ScheppandJ. Wirz. Angew.Chem.Int. Ed.
Engl. 10, 1366-13671991).

13.J.P.ToscanoM. S.PlatzandV. Nikolaev.J. Am.Chem.Soc.117,
4712-4713(1995); J.-L. Wang, J. P. Toscano,M. S. Platz, V.
NikolaevandV. Popik.J. Am.Chem.Soc.117,5477-54831995);
J.P.ToscanoM. S.Platz,Y. CaoandM. B. Zimmt. J. Am.Chem.
Soc.118,3527-35281996).

14.Y. Fujiwara, Y. Tanimoto,M. Itoh, K. Hirai andH. Tomioka.J.
Am.Chem.Soc.109,1942-19461987).

~No o1 b~

o o

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 610-613(1998)



