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Abstract—The diazo group of a series afdiazo carbonyl compounds can be reduced to the correspondingr@tip by BuSnH under
Cu(acacy-catalytic or photochemical conditions. The mechanistic aspects of this reaction were investigated in some detail, and a possible
reaction pathway was discuss&®l.2000 Elsevier Science Ltd. All rights reserved.

Introduction phenone3 was refluxed in benzene with 2.5 equiv. of
Bus;SnH. We found that diazo decomposition did not

The decomposition okx-diazo carbonyl compounds has proceed to any detectable extent and the starting material
been widely studied under thermal, photochemical and tran-was recovered after refluxing for 5h. The experiment
sition-metal catalyzed conditions. The resulting free suggests that B®nH neither directly reacts with diazo
carbene or carbenoids can undergo diverse syntheticallygroug® nor facilitates its decomposition in refluxing
useful transformations, including cyclopropanations, ylide benzene. This result is not unexpected becausbazo
generations, and insertion reactidris. contrast with intra- carbonyl compounds are generally stable up to °C00
molecular C—H insertion and inter- or intramolecular Si-H upon heatind® However, when the reaction was conducted
insertion reactions, which have been well established asin refluxing toluene for 3 h, the diazo compound was
synthetically useful transformations, there have been only decomposed and acetophendneas isolated in 59% vyield.
a few isolated reports on the intermolecular insertion of
carbenes or carbenoids into the related Sn—H Bond. We next inspected the diazo decomposition under transition
Doyle and Padwa investigated the reaction between freemetal catalyzed conditions. The diazoacetophenone was
carbene and Bi$nH and showed that Sn—H bond insertion refluxed in benzene containing 0.01 equiv. of Cu(agac)
was an efficient proce$8®® More recently, Landais and 2.5 equiv. of BgBnH. The diazo compound disappeared
reported an example in which am-stannyl ester was  after refluxing for 2 h and acetophenone was isolated in 85%
isolated in high yield when diazo ethylacetate was decom- yield. Encouraged by the clear diazo reduction under these
posed by catalytic RIFOAC), in the presence of B&nH?*® conditions, we then proceeded to investigate the generality
This example suggests that carbenoid intermolecular Sn—Hof this reaction. Thuse-diazo carbonyl compounds with
insertion can be a highly efficient process. In connection different structures were prepared and subjected to the
with our interest in the synthetic application and the reaction same diazo decomposition conditions. The results are
mechanism of the reactions of diazo carbonyl compodnds, summarized in Table 1. As shown in the table, in most
we investigated the diazo decomposition in the presence ofcases the diazo reduction occurred to give the corresponding
BusSnH under thermal, photochemical and transition-metal reduced products in good to excellent yields. For the
catalyzed conditions. Our results demonstrate thdtazo substrates with a tosyl protected amino group in the
group can be efficiently reduced to the corresponding CH «-diazo carbonyl molecule, both reduction and intra-

group by BySnH. molecular N—H insertion producfsvere observed (entries
9 and 10).
Results and Discussion The diazo reduction was then investigated under photo-

chemical conditions. Thus, thea-diazo carbonyl

First, we examined the diazo decomposition under thermal compounds a_md B&nH _(2.5 equiv.) were dissolved in
conditions in the presence of E8nH. Thus, diazoaceto- DPenzene and irradiated with a 300 W high pressure mercury
lamp through a Pyrex filter. As shown in Table 1, clean

—_— ) . ) reduction also occurred under these conditions within 2 h.
Keywords diazo compounds; carbene and carbenoids; reduction.
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Table 1. Diazo decomposition in the presence of;BoH under Cu(acagratalytic and photochemical conditions

Entry Substrate Reaction Conditions® and Yields® Product
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A 31% 63 %
B 51 % 0%
A s O
10 TsHN CHN, TSHN"""CH, * {:
22 23 241
A 17 % 57 %
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& A: Diazo compound (1.0 mmol), Cu(acadp.01 mmol) and BgSnH (2.5 mmol) in dry benzene (20 mL) were refluxed for 5 h; B: Diazo compound
(1.0 mmol) and BgSnH (2.5 mmol) in dry benzene (20 mL) were irradiated with 300 W high pressure mercury lamp at rt.
b |solated yields.

group has been the object of scattered studies. In 1950,indicated that the copper catalyst was involved in the initial
Wanger and Tome reported the reduction of ewliazo diazo decomposition process, since the diazo compound did
carbonyl compound to the corresponding Cdtoup with not decompose in the absence of Cu(agcaoper the same
concentrated HY. After 20years Horner and Schwarz conditions.
reported another diazo reduction. The reaction was
suggested to follow a radical chain mechanism, with iso- In order to gain some insight into the mechanism of this
propyl alcohol as hydrogen donor and peroxide as radical reaction, the diazo decomposition was studied in some
initiator.® More recently, Pellicciari demonstrated that diazo detail. First, the diazo decomposition was monitored by
group can be reduced in methanol in the presence of'H NMR spectroscopy for identifying reaction inter-
palladium on charcodland Moody et al. reported a diazo mediates (Fig. 1). Thus, an equimolar amount of diazo-
reduction as a side reaction in the Rh(Il)-mediated diazo acetophenone and §8nH, together with a catalytic
decomposition in the presence of 2-propanol. amount of Cu(acag)were mixed in sodium-dried D¢ at
room temperature'H NMR spectra suggested that there
The efficient reduction ak-diazo carbonyl compounds with ~ was no detectable reaction at room temperature. However,
BusSnH brings up some interesting questions concerning upon heating at about 80 for 3 min, the light yellow
the mechanism of the diazo decomposition. For the solution turned to be slight brown and in thé NMR spec-
Cu(acac) catalyzed reaction, the experiments clearly tra the absorption o&-stannyl ketone?8 (see Scheme 4)



Z. Tan et al. / Tetrahedron 56 (2000) 74577461 7459

7.5 (-
7.0 |-
6.5 |- . ,
O The equi molar amount of diazoacetophenone and A
6.0 |- Ph;SnH, together with catalytic Cu(acac), in C{D4
was heated for 3 min at ~ 50 °C and then kept at room
5.5 |- temperature.
50 @ One equivalent more Ph;SnH was added and the
i solution was kept at room temperature.
45 |-  ATheabove mixture was heated at ~ 50 °C.
4/28 4.0 |-
3.5 |-
3.0 |-
A
25 |- /
_ A
20 PN
o
15 |- e
1.0 |- 0/0/0- o—o/.
05 |-0—°
| | | | | | | | | | | | | |

5 10 15 20 25 30 35 40 45 5055 60 65 70
Time (min)

Figure 1. The Cu(acag)catalyzed diazo decomposition of diazoacetophenone in the presencgSoHPmonitored byH NMR spectroscopy.

o ketone28 by trace amounts of }0 in the mixture, since our
R Cu(acac), o independent experiment showed thatOtan immediately
R * BuSnH T, R R’ hydrolyze the a-stannyl ketone to generate the aceto-
Ny or hv, 4> 300 nm phenone. Finally, when the mixture was heated again at
1 2 50°C, thea-stannyl ketone28 was found to change to the
R = Alkyl, Phenyl acetophenone rapidly, and it totally disappeared upon
R'=H, Me, CO,Me heating for about 20 min (Scheme 1).
Scheme 1. To further prove the existence of the radical intermedafte

(vide infra) in the reaction mechanism, we then carried out
could be observed, together with acetophenone and startinghe Cu(acag) catalyzed diazo decomposition of diazo-
diazoacetophenorie. The molar ratio for the three acetophenone in the presence of 1 equiv. o3 in
compounds was estimated by thd NMR integration to refluxing benzene. In this case, acetophendn@ll %)
be 28:3:4=13:80:7. The reaction mixture was then kept in together with diketone5 (32 %) were isolated as major
NMR tube at room temperature and was monitored by NMR products (Scheme 2). The formation of diketone might
spectrum. It was found that the diazoacetophenone arise from the coupling of thew-carbonyl radical inter-
gradually decreased and completely disappeared aftermediate30 (vide infra). However, when the diazoaceto-
15 min at room temperature. During this period, both phenone alone was decomposed with catalytic Cu(acac)
a-stannyl ketone28 and acetophenoné increased while in refluxing benzene, the coupling prod& was isolated
the ratio of28 to 4 slightly decreased. The ratio @Bto 4 in 42% vyield as the major product. When this coupling
was then found to be almost constant under the same condiproduct was further refluxed with BBnH and Cu(acag)

tion. After 35 min, one more equivalent of f8nH was in benzene, and produ@b was isolated (Scheme 3). This
added and the mixture was further kept at room temperatureexperiment indicates that the formation of diket@%edoes
for another 20 min. In this period, thestannyl keton@8is not prove the involvement of the radical intermediate. When

slowly changed to acetophenorke This indicates that BusSnH was added dropwise to a refluxing solution of
a-stannyl keton@8is relatively stable at room temperature. 2.5 equiv. of diazoacetophenone in benzene containing
The experiment also proves that the formation of aceto- catalytic Cu(acag) both 26 and 25 were isolated as major

phenone4 was not due to the decomposition @fstannyl products.
o) Cu(acac), (0.01 eq) o 0
BusSnH (1.1
Ph)k”/H uzSnH (1.1 eq) Ph)J\CH PhJ\/\”/Ph
N, PhH, reflux 8 * o
3 4 41% 25 32%

Scheme 2.
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A mechanism to account for the above experimental obser-transformation was conventionally achieved by converting
vations is proposed in Scheme 4. As generally accepted, thethe carboxylic acid to acyl chloride and then treating it with
metal carbene forms through nitrogen extrusion in the diazo organocuprate¥: The a-diazo carbonyl route provides an

decomposition process? The a-stannyl carbonyl is then
formed by carbenoid Sn—H insertion reaction. In com-
parison, the Sn—H insertion b
reported to be an efficient processS he relatively unstable
a-stannyl carbonyl 28 then decomposes in refluxing
benzene to generate am-carbonyl radical which can
abstract hydrogen from RBnH!' Since the a-stannyl
carbonyl is easily hydrolyzed by @, we cannot rule out
the possibility that some of the product is formed by the
hydrolysis due to trace amounts of,® in the reaction
system. The formation of the diketo2® might be due to
the coupling of the radical intermediaB®, but a different
route through direct coupling of metal-carbene with diazo
carbonyl and then reduction by §8nH is more likely 27to

26 to 25).

For the reaction under photochemical conditions, it is pos-

Rh(ll)-carbene has been

alternative method to achieve this transformation.

Experimental

All reactions with air- and moisture-sensitive components
were performed under a nitrogen atmosphere in a flame-
dried reaction flask, and the components were added via
syringe. All solvents were distilled prior to use. The boiling
point of petroleum ether is between 30 and®OTHF was
distilled from sodium prior to use. For chromatography,
100—-200 mesh silica gel (Qingdao, China) was employed.
For preparative TLC, 10—40m silica gel Ghks, (Qingdao,
China) was used. Recrystallization was from petroleum
ether—ethyl acetate. Diazomethane and diazoethane solu-
tions in dry ether was prepared frohd-methyl-N-nitro-
sourea andN-ethyl-N-nitrosoured>'* respectively*H and

sible that the reaction follows a similar mechanism in which 3C NMR spectra were recorded at 200 and 50 MHz with a
the initial Sn—H insertion is carried out by a free carbene Varian Mercury 200 spectrometer, or at 400 and 100.6 MHz
generated photochemically from the diazo substrate. Thewith a Brucker ARX400 spectrometer. Chemical shifts are
resultinga-stannyl carbonyl could decompose to generate reported in ppm using tetramethylsilane as internal standard.
the a-carbonyl radical under photochemical conditidh#. IR spectra were recorded with a Nicolet 5SMX-S infrared
the reaction indeed follows this mechanism, the Sn—H spectrometer. Mass spectra were obtained on a VG ZAB-
insertion by thea-carbonyl carbene must be a highly HS mass spectrometer.
efficient process. This is consistent with the previous
investigations by Doyle et al., which showed that phenyl- «-Diazo ketones3,5,9,1315,17,19,22 were prepared by
chlorocarbene could insert into the Sn—H bond with rate a converting an acid into the corresponding acyl chloride
constant greater than its insertion into Si—-H bond of and then treating it with an ethereal solution of diazo-
organosilané®©¢ methane or diazoetha® Compounds3, 5, 9 and 15 are
known>*and their data were consistent with that reported
This efficient reduction of the diazo group by fnH might in the literature.
find synthetic applications. With this reaction, we can trans-
form a carboxylic group into a methyl ketone group (entries 2-Diazo-7-phenyl-3-heptanone 13Yellow oil. 'H NMR
1,2,4,8, Table 1) or an ethyl ketone group (entry 6, Table 1) (200 MHz, CDC}): § 1.55-1.80 (m, 4H), 1.92 (s, 3H),
in three steps through the diazo compounds. The same2.40-2.60 (m, 2H), 2.62 (1=6.5 Hz, 2H), 7.09-7.35 (m,
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5H); 3C NMR (50 MHz, CDC}) & 24.3, 30.9, 31.7, 35.5,
37.4, 73.3, 125.6, 128.2, 128.2, 142.0, 207.0. This
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