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The products from the photolysis of diethyl mercurybis(diazoacetate) (1) in the solvent-reactant systems of tet-
rahydrofuran, tetrahydrothiophene, and pyrrolidine were studied for the determination of the relative importance
of the various competing photodecomposition modes. Regioselective insertion reactions into carbon-hydrogen
bonds « to the heteroatom were observed, whereas carbon-heteroatom insertion reactions were not observed. Anal-
ysis of the organic products, mercury, and nitrogen indicated that carboethoxycarbyne (:CCO2Et(A)) could account
for 10--30% of the yields of @ carbon-hydrogen insertion products. Mercury-containing products from the photode-
composition of 1 in pyrrolidine solution gave evidence for major participation of a mercury carbene (B) intermedi-
ate. The evidence also showed that other reaction paths were of little importance.

Monovalent carbon atoms, carbynes, represent an in-
triguing and little studied class of chemical intermediates.
Diethyl mercuryhis(diazoacetate) (1),2 Buchner’s compound,
has been studied by Strausz et al. and was observed to furnish
carboethoxymethyne (A) in low but usable yield under proper
photolytic conditions.?

Hg(NQCCOQCQH5)2 :CC02C2H5
1 A

We previously reported that photolysis of 1 in chlorocarbon
solvents gave products that could arise from association be-
tween A and the chlorine atoms; however, the reactions were
very complex.4

We initiated the study reported here with the objective of
finding less complicated reactions that would permit better
definition of the photodecomposition paths followed by 1 and
allow a better description of the chemistry of the intermedi-
ates involved. The heterocyclic solvent-reaction systems of
tetrahydrofuran (THF), tetrahydrothiophene (THT), and
pyrrolidine were chosen for study because their geometries
are well defined and the heteroatom electronic effects are
predictable.5 Thus, meaningful rationalization of the photo-
decomposition routes and intermediates involved could be
obtained from the study of their reaction products.

Results

Photolysis of 1 in THF and THT. Photolysis of 1 in THF
gave Ny, Hg, and ethyl a-(tetrahydrofuranyl)acetate (2).
Compound 2 was formed in good yield but was not isolated in
a good state of purity. Direct hydrolysis of the reaction mix-
ture containing 2 furnished «a-(2-tetrahydrofuranyl)acetic acid
in 41% yield. Comparison of the acid with a sample prepared
unambiguously (see the Experimental Section) served to es-
tablish the correct « insertion structure. Products from in-
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sertion into either the 8 carbon-hydrogen bond or the car-
bon-oxygen bond were not observed.®

Photodecomposition of 1 in THT solution gave ethyl «-
(2-tetrahydrothienyl)acetate (3) in 54% yield. This product

QCHQCOQCQHs QCHQ_COQCQHS

2(>41%) 3 (54%)

from a-carbon-hydrogen insertion was identified through its
spectral characteristics which were similar to those of 2 and
through conversion of the crude reaction product to the cor-
responding acid in 30% yield. The structure of the acid was
confirmed by spectral analysis. The THT system, similar to
the THF system, did not yield products resulting from in-
sertion into either the 3-carbon-hydrogen bonds or the car-
bon-suifur bond.®

Olefinic products were observed in small amounts by NMR
spectroscopy, but their structures were not determined.
Product analysis was performed after nitrogen evolution had
ceased even though mercury formation was not complete at
that time (Table I).

Photolysis of 1 in Pyrrolidine. Three products were iso-
lated from the photolysis of 1 in pyrrolidine. The major
product, 4, was isolated in 48% yield. The structure of 4 was
determined from spectral properties and from sodium bor-
ohydride reduction? to ethyl a-(IN-pyrrolidino)acetate (5). A

O
Cu(D U

i i

(H—Hg—CH 228, (g, N~ + N,CHCO.Et
COEt  CO,Et CO,Et H
4 5
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Table I. Mercury and Nitrogen Yields

>

H
(1) Maximum No Yield, % 90 70 100
(2) Time, min 80 100 60
(3) Hgyield at max N yield, % 20 27 33
(4) Maximum Hg yield, % 70 70 90
(5) Time, min 180 240 170
(6) 2Hg/N; at time = 0 0.19 0.31 0.29
(7) Primary Hg yield, % 9-18 10-21  15-29

sample of 5, prepared unambiguously from the copper(I)-
catalyzed decomposition of ethyl diazoacetate in pyrrolidine,?
was identical with the product obtained from reduction.
Another mercury-containing product (6) was isolated in 19%
vield. Compound 6 was sensitive to the light and deposited
mercury on standing. Structure 6 should be considered ten-

0
( LCIH_'C',_@

‘}\Y/
i Tg
N1=C—C—N::|
I
0
6(19%)

tative, but spectroscopic evidence shows that 6 is a dia-
zomercury compound.

Compound 7, formed from insertion into the «-carbon-
hydrogen bond, was isolated in 20% yield. Spectral data were
used to determine the structure of 7. Olefinic products were
not observed in the pyrrolidine photolysis reaction.

-
H

0
LCH._,'C',_;@

7 (20%)

Control experiments in THF and pyrrolidine solutions
containing ethyl diazoacetate showed that the products ob-
served from 1 were not formed in a route in which 1 was first
converted to ethyl diazoacetate followed by photolysis since
the control runs were significantly different in the number and
types of products obtained. Additionally, dark reaction control
experiments with 1 gave no evidence for any significant re-
actions occurring in the absence of light. Attempts to deter-
mine quantum yields were unsuccessful because of the het-
erogenicity induced from the mercury precipitation.

Mercury and Nitrogen Yields. Mercury and nitrogen
yields were accurately determined for all solvent-reactant
systems. A plot of the 2Hg/N; ratio (eq 1, Discussion) vs.
photolysis time was made and the ratio at ¢ = 0 is reported in
Table L. The plot could extrapolate to a value of unity if only
primary processes occur; a smaller value indicates the fraction
of primary process operative.3Secondary photolysis processes
of mercury-containing intermediates are responsible for the
value being less than unity. The extrapolated 2Hg/N; values
show a primary Hg yield of 9-21% in THF and THT and a
yield of 15-29% in pyrrolidine. The mercury yield equals the
carbyne yield in the processes shown by eq 1 and 2 below.

Discussion

The major photodecomposition paths considered for 1
are:3
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hv .
Hg(N,CCO5CyHs)s —> Hg + 2N5 +:CCO.CsHj;

1 A oY)
1—-Hg+ Ny + ZCC02C2H5 + NQCCOQCQH5 2)
A
1— N2 4+ C2H502CC—HgC(N2)COQCQH5 (3)
B
1~ Hg + 2N,CCO4CoHs (4)
C
1— Hg + N 2+QCQH5OCOCN (5)
D

Only processes 1 and 2 simultaneously yield Ny, Hg, and A.
Analysis of the 2Hg/N, ratio for process 1 as a function of time
and extrapolation to time equals zero gave the results shown
in Table I. The mercury yield obtained from the 2Hg/Nj ex-
trapolation for process 1 equals the carbyne (A) yield; the
carbyne yield is one-half the mercury yield if process 2 is used.
Thus the carbyne (A) yield in THF and THT solutions is
9-21% and 15-29% in pyrrolidine solution. Prolonged pho-
tolysis, after Ny evolution had ceased, resulted in higher
mercury yields indicating that processes other than 1 and 2
are also operative.

The photodecomposition paths followed in both THF and
THT solutions appear similar since reaction times and
product yields are nearly the same. However, in pyrrolidine
solution the photodecomposition paths may be influenced by
the solvent since reaction times are shorter, product yields are
higher, and mercury-containing materials are observed.

All reactions show an extremely high degree of selectivity
for insertion into the a-carbon-hydrogen bond. This could
indicate that the intermediate involved in the insertion is
associated to a high extent with the heteroatom, or that the
heteroatom polarizes the a-carbon-hydrogen bond sufficiently
to account for the selectivity.>6 If the former case holds, it is
unusual that insertion into the carbon-heteroatom is not
observed since this is observed in many carbenic reactions.®

The mercury-containing compounds, 4 and 6, observed in
the pyrrolidine system give good evidence that process 3 is
operative. In fact, process 3 is the major process in this reac-
tion as 67% of the total material balance is found in 4 and 6.
Thus, B is a major intermediate in the reaction.

Process 4 is considered unlikely because reaction energetics
favor C=Ns bond breakage over C-Hg bond cleavage,? and
no evidence for the presence of ethyl diazoacetate, formed
from C, was obtained. Process 5 is probably inoperative since
complete nitrogen evolution was observed and the presence
of D could not be confirmed even though reaction conditions
would have permitted detection of D.

An estimate of the amount of carbyne participation in the
pyrrolidine system can be made as follows. During the nitro-
gen evolution period, mercury is obtained in 33% yield; after
nitrogen evolution stops, mercury is accounted for to the ex-
tent of 62% yield in isolated mercury-containing products.
These mercury-containing products give a 0.5% yield of
mercury per minute on prolonged photolysis. Therefore, the
yield of products possible during the nitrogen evolution period
from mercury-containing products is 9.9%. The yield of non-
mercury products above 9.9% may be attributed to carbyne
participation. In the case of a-insertion product 7, isolated in
20% yield, 11% can come from carbyne and 9.9% can occur
from mercury-containing products.

Application of this approach to the THF system gives a 10%
yield contribution from carbyne A; in the THT system, a 30%
contribution from the carbyne is possible. However, the es-
timates are weakened for these systems because mercury-
containing products were not isolated.
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The estimation of carbyne participation depends largely
on the use of mercury and nitrogen yields based on hypo-
thetical photodecomposition paths and also relies on the ex-
clusion or determination of other possible reaction interme-
diates. Beneficial information can be obtained from this ap-
proach, but future work will require a more direct carbyne
analysis method.

Conclusions

Photodecomposition of 1 in the systems studied suggests
that the solvent may influence the reaction course to some
extent. However, the major photodecomposition intermediate
is the diazomercury carbene (B) while carboethoxycarbyne
(A) may account for approximately 10-20% of the reaction.?
These intermediates show a high degree of selectivity for in-
sertion into the w-carbon-hydrogen bonds.1® Furthermore,
carbon-heteroatom insertion is completely absent, a sharp
contrast with the chemistry of carboalkoxycarbenes.!!

Experimental Section!?

General Photolysis Procedure. Freshly prepared 1 (0.400 g, 0.937
mmol) was dissolved in 4.0 mL of the solvent system and placed in an
8in. X 0.5 in. Vycor tube equipped with a rubber septum and gas re-
lease needle. The degassed solution was irradiated with a Havovia
450-W medium pressure, mercury-arc vapor lamp equipped with a
Vycor filter and water-cooled (20 °C) jacket. The photolysis was
carried to 80-90% completion as monitored from the amount of ni-
trogen evolved. The mercury precipitate was filtered and the filtrate
was worked up as specified.

Tetrahydrofuran Solution. Mercury (0.047 g, 25%) was filtered,
and the filtrate containing 2 was hydrolyzed to the acid with aqueous
sodium hydroxide solution. The acidified solution was extracted
thoroughly with ether, dried, and concentrated to give 0.104 g (41%)
of a-(a-tetrahydrofurfuryl)acetic acid as a yellow semisolid which was
identified by comparison with an authentic sample prepared as de-
scribed below.

a-(2-Tetrahydrofuryl)acetic Acid. In a 500-mL three-necked
flask equipped with a mechanical stirrer, dropping funnel, and ther-
mometer were placed 50 g (0.50 mol) of reagent grade 2-tetrahydro-
furfuryl alcohol (Aldrich) and 46 g (0.59 mol) of pyridine.

Freshly distilled thiony] chloride, 63 g (0.53 mol), was added
dropwise to the rapidly stirred mixture which was maintained at a
temperature below 60 °C with an ice bath. After complete addition,
the mixture was stirred for an additional 4 h. The mixture was thor-
oughly extracted with ether. The ether extracts were dried and con-
centrated to give crude 2-tetrahydrofurfuryl chloride.

In a 500-mL, three-necked flask equipped with a stirrer, dropping
funnel, and condenser were placed 5.8 g (0.12 mol) of sodium cyanide,
5 mL of water, and 15 mL of N,N-dimethylformamide. The crude
2-tetrahydrofurfuryl chloride (14.1 g, 0.12 mol) was added to the cy-
anide solution. The mixture was stirred at reflux for 16 h. Distillation
of the mixture up 10 160 °C removed most of the solvents. The re-
maining solution of 2-tetrahydrofurfuryl cyanide was hydrolyzed with
sodium hydroxide solution. The basic solution was extracted with
ether and acidified. The acidic mixture was extracted with ether,
dried, and concentrated to give a-(2-tetrahydrofuryl)acetic acid as
a vellow semisolid, identical with the acid obtained from the hydro-
lyzed photolysis solation: IR (neat) 3632-2341 (COOH), 1732 (C=0),
1300-1130 cm™~! (CO); NMR (CDCls) 6 1.30 (s, 4 H, CHy), 2.50 (d, 2
H,J =7 Hz,CHy), 3.38-3.98 (t, 2 H, J = 7 Hz, CHs), 3.96-4.55 (m, 1
H,J = 7Hz, CH); MS m/e 130 (33, P), 113 (19,P — OH), 85 (10, P —
COOH). Anal. Caled for CsH;(03: C, 55.38; H, 7.69. Found: C, 55.12;
H, 7.70.

Ethyl a-(2-tetrahydrofuryl)acetate (2) was prepared by heating
a mixture of the acid, absolute ethanol, and hydrogen chloride at re-
flux for 2 h. The oily product had identical spectral properties with
that of a crude sample obtained from chromatography of the pho-
tolysis mixture: IR (neat) 2922 (CH), 1732 cm~! (C=0); NMR
(CDCly) 6 1.00-1.50 (m, 7 H, ring protons and CHs), 2.50(d,2 H, J =
7 Hz, CHy), 3.34-3.90 (t, 2 H, J = 7 Hz, CHj), 3.90-4.54 (m, 3 H, CH,,
CH); MS m/e 158 (5, P), 113 (25, P — OC2Hs), 85 (3, P — CO2C2Hs),
71 (44, P — CHg, CO5CoH5).

Tetrahydrothiophene Solution. After nitrogen evolution, the
mercury (0.056 g, 30%) was removed, and the filtrate was hydrolyzed
to the acid by th procedure used for THF. The «-(2-tetrahydro-
thienyl)acetic acid weighed 0.105 g (35%). Sublimation at 100-120 °C
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(0.5 mm) furnished white needles: mp 32-33 °C; IR (KBr) 3582-2432
(COOH), 1710 (C==0), 1150-1300 cm~! (CO); NMR (CDCls) 6 1.25
{s,4 H, CHy), 2.51 (d, 2 H, CHy), 3.32-4.0 (m, 2 H, CHJ), 4.0-4.6 (m,
1 H, CH); MS m/e 146 (17, P), 101 (8, P — COOH), 86 (51, P — CH,,
COOH). Anal. Calcd for CgH0802: C, 49.32; H, 6.85; 8, 21.92. Found:
C, 49.28; H, 6.79; S, 21.88.

Ethyl a-(2-Tetrahydrothienyl)acetate (3). Chromatography
of the combined filtrates from four reactions on a 10 in. by 0.75 in.
column of alumina (CHCl3/CH,Cly, 1:1) gave 3 in the first 25-mL el-
uent as a yellow oil, 0.191 g (53.9%). Resolve-Al*13 (Aldrich) was added
to 3 in CDCl;. The obscured methylene doublet at 6 1.57 was clearly
shifted downfield to 6 3.27: NMR (CDCl3) 6 1.10-1.36 (m, 7 H, CH,
CHs, and ring protons), 3.27 (d, 2 H, J = 7 Hz, CHs), 4.0-4.6 {m, 5 H,
CHyCHg, and ring protons); IR (neat) 2952 cm~! (CH), 1732 (C=0),
680 (CS); MS m/e 174 (8, P), 146 (14, P — C,Hj3), 101 (10, P —
CO2CoHs), 86 (54, P — CHg, CO,CoHj3).

Pyrrolidine Solution. The photoysis mixture was filtered (Hg,
0.065 g, 35%) and the concentrated filtrate was chromatographed on
a 4.5 in. by 0.75 in. alumina column with CHCl;, CH5Cly, and CH;0H
as successive solvents. The first three 25-mL fractions from chloro-
form elution contained three components which were separated on
an alumina column (8 in. by 0.25 in.; CHClg) and collected in 10-mL
fractions.

Component I was identified as ethyl a-mercurybis[«-(N-pyrroli-
dino)acetate] (4) as & tan semisolid: 0.23 g (48%); IR (neat) 3200-2780
(CH), 1732 (C=0), 1300-1150 cm~! (CO); NMR (CDCl3) 6 1.15-1.50
(t,6 H,J = 7 Hz, CHj3), 1.60-2.00 (m, 8 H, CHj), 2.50-3.00 (m, 8 H,
CHy), 3.45 (s, 2 H, CH), 3.90-4.50 (g, 4 H,J = 7 Hz, OCH>); MS m/e
157 (4, P- Hg, C5H14N02, C02C2H5), 70 (100, P- Hg, CgH14N02,
CH,, CO2C3H5). Anal. Caled for Ci6HogNoOHg: C, 27.84; H, 4.18; N,
6.50. Found: C, 27.80; H, 4.28; N, 6.72.

Component II was identified as N,N-tetramethylene-«-pyrroli-
dinoacetamide (7), a yellow semisolid: 0.068 g (20%); IR (neat)
3600-3100 (NH), 1632 (C==0), 1250 (CN), 909 cm~! (NH); NMR
(CDClg) 6 1.25 (s, 4 H, CHy), 1.60-2.30 (m, 7 H, ring protons) 2.40 (d,
2H,J = 8 Hz, 2-CHy), 3.35-3.80 (m, 4 H, ring protons), 7.20-7.70 {(m,
1 H, NH); MS m/e 182 (37, P) 112 (19, P — C4,HgN), 84 (47, P —
C4HgN, CO), 70 (100,P — C4HgN, CO, C4HgN). Anal. Caled for
C1oH18Nx0: C, 65.93; H, 9.89; N, 15.38. Found: C, 66.06, H, 9.96; N,
15.15.

Component III was tentatively assigned structure 6 on the basis
of spectral analysis: unstable yellow oil, 0.092 g (19%); IR (neat)
3600-2500 (NH), 1684 (C=0), 2184 (C=Ns), 1250 (CN), 909 cm~!
(NH); NMR (CDCl3) 6 1.20-1.34 (m, 4 H, CH,), 1.70-2.40 (m, 10 H,
ring protons), 2.80 (d, 1 H,J = 7 Hz, HgCH), 3.20-3.95 (m, 9 H, ring
protons).

Ethyl o-(N-Pyrrolidino)acetate (5). Ethyl diazoacetate (7.98
g, 0.07 mol) was added dropwise to a stirred mixture at 5-10 °C of
pyrrolidine (14.91 g 0.21 mol) and cuprous cyanide (1.57 g, 0.017 mol).
After complete addition, the mixture was stirred for 5 h at 5-10 °C.
The brown mixture was filtered and extracted thoroughly with
chloroform. The concentrated chloroform mixture was distilled at
110-150 °C (0.1 mm) to give 5 as a yellow oil in 77% yield. Anal. Caled
for CgH15NOg: C, 61.15: H, 9.55; N, 8.92. Found: C, 60.96; H, 9.32; N,
8.99,

Reaction of 4 (0.06 g) with excess sodium borohydride in chloroform
produced mercury and 5 which had identical spectral properties with
those of an authentic sample: IR (neat) 2930-2882 (CH), 1730 (C=0),
1300-1140 ¢cm~1 (CO); NMR (CDCl3) 6 1.05-1.35 (t, 3 H, J = 7 Hz,
CHs), 1.60-2.00 (m, 4 H ring protons, 2.40-2.80 (m, 4 H, ring protons),
3.30 (s, 2 H, CHy), 3.95-4.30 (q, 2H, J = 7 Hz, CHy); MS m/e 157 (26,
P), 128 (5, P — CgHj;), 84 (12, P — CO2C3H5), 70 (7, P — CO.CoHs,
CHa).

Mercury and Nitrogen Yields. Solutions containing 0.40 g (0.937
mmol) of 1 in the appropriate solvent were placed in Vycor tubes and
subjected to photolysis. At various time intervals (5~15 min), the ni-
trogen evolution was determined from water displacement. The
sample was removed from photolysis and the mercury precipitate
weight was recorded. At least eight data points were used for the t =
0 extrapolations reported in Table I. An error of 10-15% was calcu-
lated for these experiments. Fluctuations in lamp intensity and the
presence of the mercury precipitate are thought to be responsible for
this error.

Registry No.—1, 20363-85-3; 2, 2434-02-8; 3, 65102-19-4; 4,
65102-20-7; 5, 22041-19-6; 6, 65102-21-8; 7, 1078-64-4; a-(-tetrahy-
drofurfuryl)acetic acid, 2434-00-6; 2-tetrahydrofurfuryl alcohol,
97-99-4; 2-tetrahydrofurfuryl chloride, 3003-84-7; 2-tetrahydrofur-
furyleyanide, 33414-62-9; «-(2-tetrahydrothienyl)acetic acid,
65102-22-9; ethyldiazoacetate, 623-73-4; pyrrolidine, 123-75-1.
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Character at the Trigonal Carbon
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The interrelations between the 13C NMR shielding effects of para substituents and electronic structure have
been investigated in diphenylmethyl and diphenylhydroxy carbenium ions 1 and 2. The prime dependence of the
13C shieldings upon = charge delocalization effects is established. It is shown that a general description of the chem-
ical shifts, valid on all sites, requires using both 7-electron density and 7-bond order terms, as illustrated by the cor-
relation obtained at ca. 120 ppm. While for the substituted ring carbons the SCS remain nearly the same as for neu-
tral monosubstituted benzenes, the substituent shifts at C, are increased by 2.7 in ions 1 as compared to 2, thus
showing that electronic effects at this position are strongly dependent on the withdrawing power of the carbenium
center (as confirmed by the unusually small effects of acceptor substituents). Nonadditivity of the C, SCS in some
4,4’-disubstituted ions demonstrates the existence of important interactions between substituent electron effects.
These interactions can be accounted for with the concept of a concerted w-inductive-mesomeric effect: the electron
transfer from a substituent to the carbenium center depends upon the demand of this center and therefore upon
all the other groups present. The susceptibility of the substrate to these interactions is estimated by a Ixy term (ex-
pressed with a ox*oy* product) and related to the carbenium character. Long range effects at the unsubstituted
ring result from a =-inductive effect without m-electron transfer from the substituent. The C, bridge acts only as

a relay whose efficiency is directly related to the magnitude of its positive charge.

A great deal of attention has been focused over the last
years on carbenium ions as they are key intermediates in many
organic reactions. In this field, NMR spectroscopy, especially
13C NMR, appears to be one of the most suitable techniques
for a charge-delocalization investigation in cations,! although
Brown?22 and Kramer?® have pointed out that some problems
may occur in relating 13C shifts and carbenium ion stabilities.
Much of the literature is devoted to the study of substituent
effects on the chemical shifts of aryl carbenium ions for which
the unusual stabilities have been ascribed to delocalization
of positive charge throughout the r-electron system of the
aromatic rings. Substituent chemical shifts? (SCS) have been
chosen as a probe of the ability of groups to disperse the pos-
itive charge and have been compared to substituent param-
eters (generally Brown or Taft constants) deduced from sol-
volytic reactions in which the transition state is postulated to
approximate the character of these ions.48

The relationships between shieldings and semiempirical
MO have been extensively investigated by Olah et al.” The fact
that, for carbons remote from the carbenium center, the =
charge densities are as good as total charge densities in cor-
relating the observed shifts is a definite proof that the domi-
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nant influences on screenings are m-system resonance and
polarization interactions; moreover, the slope of their re-
gression line’ is very close to the usual proportionality con-
stant of 160 ppm/electron density obtained in a large variety
of aromatic systems.1:# Farnum’s point of view!? is slightly
different, since he uses the total charge density with the
questionable assumption of no charge dispersion to the hy-
drogens. Ray, Kurland, and Colter® have also shown that
carbon chemical shifts in trityl cations are well correlated with
CNDO/2 charges, whereas the crude HMO electron densities
poorly reflect the trends. However, a great dispersion of
quaternary ipso and a carbons can usually be observed, while
an impossibility to describe all the shifts by a general ex-
pression using only electron density, whatever the carbons,
is also evident.? This situation has prompted us to reexamine
the possible contribution of other terms—like =-bond or-
ders—to the carbon shielding in aryl carbenium ions. The
important question of the additivity of substituent effects in
ions is also open to challenge. If saturation of their electronic
influences is now a fairly well-documented experimental
phenomenon,®9-14 itg interrelation with the extent of a posi-
tive charge at the relevant nuclei is not yet elucidated. Con-
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