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Synthesis of Annulated «vy-Lactams via Intramolecular 1,3-Dipolar Cycloadditions of
Functionalized N-Allyl a-Diazo Amides
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N-Allyldiazoacetamides containing a phosphinyl group at the a-position underwent the intramolecular 1,
3-cycloaddition, followed by 1,3-hydrogen shift to afford 6a-diethoxyphosphinyl-3a,4,5,6a-tetrahydropyrrolo[3,4-
c]pyrazol-6(1H)-ones in 74—78% yields, while the corresponding a-phenylthio amide produced 1-phenylthio-3-
azabicyclo[3.1.0lhexan-2-one in 74% yield via extrusion of N2 from the intramolecular 1,3-cycloadduct. In the
application of these compounds to the conversion of functionality, the former gave a fused tricyclic heterocycle

and the latter gave deallylated compounds.

Development of convenient synthetic routes to --
lactams has been an important theme to synthetic
chemists,?’ since functionalized monocyclic and bicyclic
v-lactams have been shown to have interesting bi-
ological activities? and to act as key intermediates
for the syntheses of antibiotics,® naturally occurring
compounds,? etc. While intramolecular cycloaddition
reactions of diazoalkenes® and olefinic a-diazo ketones®
giving fused carbocyclic and heterocyclic compounds
have been extensively investigated, the related stud-
ies on the corresponding a-diazo amides have, to our
knowledge, been limited in spite of their utility for the
construction of a y-lactam ring.”

We report here that a-phosphinyl or a-phenylthio N-
substituted N-2-alkenyldiazoacetamides readily undergo
intramolecular 1,3-dipolar cycloadditions to form fused
~-lactams with functionality, of which chemical reactiv-
ities and synthetic applications have been investigated.

Results and Discussion

1,3-Dipolar Cycloaddition of N-Allyldiazoacet-
amides. It is known that a-diazo (-keto phospho-
nates containing olefinic moieties undergo decomposi-
tion to lead to intramolecular cyclopropanation prod-
ucts in the presence of the catalysts such as copper
and [Cul{P(OMe)3}], but no reaction took place with-
out such a catalyst.® For comparison with a-diazo -
keto phosphonates, we have investigated the reaction of
several N-allyl-a-diazo-a-(diethoxyphosphinyl)acetam-
-ides. N, N-diallyl-a-diazo-a-(diethoxyphosphinyl)acet-
amide (4a), generated from N,N-diallyl-a-(diethoxy-
phosphinyl)acetamide (3a) by diazotransfer with tosyl
azide, readily underwent intramolecular 1,3-dipolar cy-
cloaddition in tetrahydrofuran (THF) at room temper-
ature with no catalysts to give the intermediate pyrazo-
line 5a, followed by 1,3-hydrogen shift leading to 5-allyl-
6a-diethoxyphosphinyl-3a.,4,5,6a-tetrahydropyrrolo[3,4-
c]pyrazol-6(1 H)-one (6a) in 78% yield. N-substituted N-
allyl-a-diazo-a-(diethoxyphosphinyl)acetamides (4b,c)
similarly afforded the corresponding 6a-(diethoxyphos-
phinyl)tetrahydropyrrolo[3,4-c|pyrazol-6(1 H)-ones 6b,c
in good yields (Table 1). Since it is of interest to ex-
amine whether or not N-allyl-substituted diazoacetam-

ide containing the sulfenyl group undergo intramolecu-
lar 1,3-dipolar cycloadditions similar to N-allyl-a-diazo-
a-(diethoxyphosphinyl)acetamides 4a—c, we have in-
vestigated the reaction of N,N-diallyl-a-diazo-a-(phen-
ylthio)acetamide (4d). Interestingly, when N, N-diallyl-
a-(phenylthio)acetamide (3d) was treated with tosyl
azide under similar conditions, 3-allyl-1-phenylthio-3-
azabicyclo[3.1.0lhexan-2-one (8d) was obtained in 74%
yield instead of the corresponding pyrazole. The for-
mation of 8d can be easily rationalized in terms of the
intramolecular ring closure of a zwitterion (or a dirad-
ical) intermediate 7d, which is produced by loss of Ng
from the initially formed intramolecular 1,3-dipolar cy-
cloadduct 5d (Scheme 1).

Thus, the reaction products are strongly dependent
upon the substituents on the a-carbon of N-allyldiazo-
acetamides 4a—d.

Synthetic Application of Fused vy-Lactams. If
the substituents on the bicyclic vy-lactams prepared
above are easily removed or replaced by other func-
tional groups, the a-substituents of N-allyldiazoacetam-
ides act not only as a means for introduction of func-
tionality into fused +-lactams but also as an useful tool
for the syntheses of a variety of bicyclic and tricyclic
~-lactams which are not easily attainable by existing
methods. For instance, treatment of the compound 6b
with 1.2 equiv of butyllithium in THF-hexamethylphos-
phoric triamide (HMPA) at —78 °C, followed by the ad-
dition of excess amounts of paraformaldehyde at room
temperature afforded 10-phenyl-3-oxa-5,6,10-triazatri-
cyclo[6.3.0.0*°Jundec-6-en-11-one (11) in 62% yield. As
outlined in Scheme 2, the formation of the compound
11 can be explained by a sequence of nucleophilic attack
of the nitrogen anion of pyrazole ring to paraformalde-
hyde, further attack of the resulting alcoholate anion
on the second molecule of paraformaldehyde, and the
subsequent ring closure accompanying the elimination
of sodium diethylphosphate. On the other hand, sim-
ilar treatment of 6a,c afforded a complicated mixture
of several uncharacterizable products. The difference
in reactivities between 6a,c and 6b seems to be due to
acidic protons on the allylic or the benzylic position in
6a or 6¢.
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Table 1. Cycloaddition Reaction of N-Allyl-a-diazoacetamides 4a—d®

Substituents Products (yield/%)
Entry 4 R! R? Time/h 6 8
1 4a P(O)(OEt); CH2CH=CH, 18 6a (78)
2 4b P(O)(OEt); Ph 160 6b (74)
3 4c P(O)(OEt);  CH:Ph 18 6c (74)
4 4d®  SPh CH,H=CHj, 8 8d (74)

a) All reactions were carried out in the presence of *BuOK at room temperature, unless
otherwise noted. b) The reaction was carried out in the presence of LiN*Pra.
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Scheme 1.

The compound 8d was treated with potassium ¢but-
oxide in dimethyl sulfoxide (DMSO) to undergo the
allyl-propenyl rearrangement to produce a 4.4:1 mix-
ture of 1-pheynlthio-3-[(E)-1-propenyl]- and 1-phenyl-
thio-3-[(2)-1-propenyl]-3-azabicyclo[3.1.0]hexan-2-ones
(12a,b) in 65% yield.” Oxidation of the mixture with
potassium permanganate in methanol resulted in de-
propenylation to give 1-phenylthio-3-azabicyclo[3.1.0]-
hexan-2-one (13) in 93% yield as a sole product.

We have also attempted to remove the phenylthio
group from the compound 8d. According to the re-
ported desulfurization procedure, reduction of 8d with
a LiAlH;—CuCl, reagent'® was examined to afford
3-allyl- 1-phenylthio- 3-azabicyclo[3.1.0]hexane (14) in
60% yield, but no expected desulfurization product was
observed.'?) In contrast with 8d, treatment of 14 with
potassium t-butoxide in DMSO afforded the deallylated
product, 1-phenylthio-3-azabicyclo[3.1.0]hexane (16) in
76% yield in one-pot operation (Scheme 2). The for-
mation of 16 can be explained by ready hydrolysis of

the initially formed allyl-propenyl rearrange product
15. In conclusion, (i) MN-allyl a-diazo amides contain-
ing a functional group such as phosphinyl and sulfe-
nyl groups at the a-position undergo intramolecular 1,
3-dipolar cycloaddition to give tetrahydropyrrolo[3,4-
c]pyrazol-6(3 H)-ones followed by either 1,3-hydrogen
shift to give tetrahydropyrrolo[3,4-c|pyrazol-6(1H)-ones
or loss of Ny to afford 2-azabicyclo[3.1.0Jhexan-1-one.
(ii) Removal and synthetic utilization of the functional
groups in the products have been successfully achieved
in some cases to give fused heteroatom-containing bi-

~ cyclic and tricyclic compounds.

Experimental

General. 'H and '*CNMR spectra were obtained
in CDCl3 on a JEOL JNM-FX-60 or JEOL JNM-EX-270
spectrometer, operating 'HNMR at 60 or 270 MHz, and
I3CNMR at 15.04 or 67.80 MHz, respectively, with Me,Si
as an internal standard. DEPT and 2D proton-proton and
proton—carbon correlations were used when necessary, to as-
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sign 'H and '®*CNMR spectra. IR spectra were recorded
with a Shimadzu IR-408 instrument. Mass spectra were
taken with a JEOL DX-300 spectrometer. Melting points
were measured in open capillary tubes and are uncorrected.

Preparation of N-Allylacetamide 3a—d.!? N-Al-
lylacetamides 3a—d were prepared from acids 1a,b (5.00
mmol), and allylamines 2a—c (5.00 mmol) by the published
procedure.'®

N, N-Diallyl-a-(diethoxyphosphinyl)acetamide (3
a): Yield 1.27 g, (92%).

N-Allyl- N-phenyl-a-(diethoxyphosphinyl)acetam-
ide (3b): Yield 1.34 g, (86%).

N-Allyl- N-benzyl-a-(diethoxyphosphinyl)acetam-
ide (3c): Yield 1.38 g, (85%).

N,N-Diallyl-a-(phenylthio)acetamide (3d):
1.04 g, (84%).

Intramolecular 1,3-Dipolar Cycloaddition of N-Al-
lyl a-Diazo Amides 4a—d. General Procedure:
To a solution of an N-allylacetamide 3a—d (10.0 mmol) in
THF (20 ml) was added potassium #-butoxide (1.12 g, 10.0
mmol) or lithium diisopropylamide (10.0 mmol). After the
solution was stirred for 0.5 h, a solution of p-toluenesulfonyl
azide (1.97 g, 10.0 mmol) in THF (30 ml) was added and
the mixture was stirred at room temperature under a nitro-
gen atmosphere until disappearance of N-allyldiazoacetam-
ides (observed by monitoring the diazo IR absorptionband at
2100 cm™'). After the reaction mixture was filtered through
a celite pad, the filtrate was concentrated in vacuo. The
residue was chromatographed on silica gel to afford 6a—c or
8d. The yields of the products and the reaction conditions
were summarized in Table 1. The compound 6a—c or 8d
had the following properties (Tables 2 and 3).

5- Allyl-6a-diethoxyphosphinyl-3a,4,5,6a-tetrahy-
dropyrrolo[3,4-c]pyrazol-6(1H)-one (6a): Yield 2.35
g (7.80 mmol); oil; Rr 0.32 [AcOEt-hexane (4:1)]; IR (neat)

Yield

1680 cm™'; 'HNMR 6=1.34 (6H, t, J=7.0 Hz, Me), 3.16—
4.52 (9H, m, NCH,, OCH2, and CH), 4.96—5.38 (2H, m,
CH=CH:), 5.38—5.98 (1H, m, CH=CH,), 6.44 (1H, br, NH),
6.72 (1H, s, N=CH); MS m/z 301 (M"). Found: C, 47.76;
H, 6.99; N, 13.48%. Calcd for C12H20N304P: C, 47.84; H,
6.69; N, 13.95%.

6a-Diethoxyphosphinyl-5-phenyl-3a,4,5,6a-tetra-
hydropyrrolo[3,4-c]pyrazol-6(1H)-one (6b):  Yield
2.50 g (7.41 mmol); mp 89—90 °C; IR (KBr) 1690 cm™!;
'"HNMR 6=1.33 (6H, t, J=7.0 Hz, Me), 3.76—4.50 (7H,
m, NCH;, OCH,, and CH), 6.56 (1H, br, NH), 6.79 (1H,
s, N=CH), 7.00—7.68 (5H, m, phenyl H); MS m/z 337
(M*1). Found: C, 53.34; H, 5.99; N, 12.24%. Calcd for
C15H20N304P: C, 53.41; H, 5.98; N, 12.46%.

5-Benzyl-6a-diethoxyphosphinyl- 3a,4,5,6a-tetra-
hydropyrrolo[3,4-c]pyrazol-6(1H)-one (6c):  Yield
2.60 g (7.40 mmol); mp 118—119 °C; IR (KBr) 1680 cm™;
'HNMR 6=1.32 (6H, t, J=7.0 Hz, Me), 3.08—3.78 (2H,
m, NCHy), 3.92—4.56 (7TH, m, OCHz, PhCH;, and CH),
5.40—6.28 (1H, br, NH), 6.64 (1H, s, N=CH), 7.26 (5H, s,
phenyl H); MS m/z 351 (M*). Found: C, 54.35; H, 6.33;
N, 11.86%. Caled for 016H22N304P: C, 54‘70; H, 6.31; N,
11.96%.

3- Allyl- 1- phenylthio- 3- azabicyclo[3.1.0]hexan- 2-
one (8d): Yield 1.82 g (7.42 mmol); oil; Rr 0.44 [AcOEt-
hexane (1:2)]; IR (neat) 1680 cm™'; 'HNMR §=1.28 (1H,
dd, Jeis=17.7 Hz, Jgem=5.0 Hz, cyclopropane CHz), 1.39
(1H, dd, Jirans=20.7 Hz, Jgem=>5.0 Hz, cyclopropane CH3),
1.94—2.36 (1H, m, CH), 3.08—3.92 (4H, m, NCH,), 4.80—
5.32 (2H, m, CH=CH:), 5.32—6.04 (1H, m, CH=CH,),
7.00—7.36 (5H, m, phenyl H); MS m/2245 (M*). Found: C,
68.50; H, 6.31; N, 5.67%. Calcd for C14H15NOS: C, 68.54;
H, 6.16; N, 5.71%.

The Reaction of 6b and Paraformaldehyde. To
a mixture of 6b (0.67 g, 2.00 mmol) and paraformaldehyde
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Substituents 13CNMR (CDCl) 8, (**P-'3C coupling const/Hz)
Compounds R 3 3a 4 6 6a

6a CH,CH=CH; 143.8 47.8 45.3 169.4 69.1
(12.0) (3.4) (6.9) (176.2)

6b Ph 143.7 47.2 49.1 169.6 69.7
(12.0) (7.7) (176.2)

6¢ CH,Ph 143.8 47.5 46.6 169.6 68.9
(11.2) (3.5) (6.9) (176.2)

a) All chemical shifts relative to MesSi (6=0.0).
6 X
J
s
PhS 5~
Table 3. '*C NMR Data of 3-Azabicyclo[3.1.0/hexanes®
'3 CNMR, Chemical shifts §
Compds R X 1 4 5 6 R

8d CH,CH=CH; O 334 1721 455 23.0 225 469 1181 1321
12a (E)-CH=CH,CH3; O 33.7 1699 457 232 23.0 149 106.0 1244
12b (Z)-CH=CH,CH3s O 330 1717 488 224 224 126 1116 1234

13 ‘H O 324 1764 428 256 221 — -— —
14 CH,CH=CH; H, 290 576 543 257 177 60.0 116.8 1355

16 H . Hy 308 544 485 272 159 — — —

a) Chemical shifts for CDCl3 solutions relative to Me4Si (6=0.0).

(0.60 g, 20.0 mmol) in 60 ml of THF-HMPA (5:1) was
added butyllithium (2.40 mmol) at —78 °C. After the re-
action mixture was stirred at room temperature for 5 h,
the reaction was quenched with the addition of water. The
mixture was extracted with CHCls, dried over anhydrous
sodium sulfate and concentrated in vacuo. The residue was
chromatographed on silica gel with AcOEt-hexane(2:1) af-
fording 11.

10-Phenyl- 3- oxa- 5,6, 10- triazatricyclo[6.3.0.0"°]-
undec-6-en-11-one (11): Yield 0.30 g (1.23 mmol, 62%);
mp 186.5—187 °C; IR, (KBr) 1690 cm™'; '"HNMR 6=3.73
(1H, dd, Jeis=9.7 Hz, Jirans=5.4 Hz, CH), 3.85—3.93 (1H,
m, one H of NCHy), 3.91 (1H, d, Jgem=9.2 Hz, one H of
OCH,C), 4.08 (1H, dd, Jcis=9.7 Hz, Jgem=9.7 Hz, one H of
NCH;), 4.27 (1H, d, Jgem=9.2 Hz, one H of OCH,C), 4.48
(1H, Jgem=7.3 Hz, one H of OCH2N), 5.17 (1H, d, Jgem=7.3
Hz, one H of OCH;N), 7.00 (1H, s, N=CH), 7.00—7.62 (5H,
m, phenyl H); MS m/z 243 (M™). Found: C, 63.89; H, 5.54;
N, 16.93%. Calcd for C13H13N302: C, 64.19; H, 5.39; N,
17.27%.

Allylic Rearrangement of 8d. To a solution of
potassium ¢-butoxide (0.22 g, 2.00 mmol) in DMSO (8 ml)
was added 8d (0.49 g, 2.00 mmol). The reaction mixture
was stirred at room temperature for 10 min under a ni-
trogen atmosphere, diluted with water and taken to pH 8
with solid carbon dioxide. The mixture was extracted with
CHCl;. After drying over anhydrous sodium sulfate, the
CHCl; extract was evaporated in vacuo. The residue was

chromatographed on preparative thin-layer chromatography
(TLC) (silica gel with AcOEt: hexane=1:6) to give allylic
rearranged compounds 12a and 12b in 65% yield (Table 3).

1- Phenylthio- 3- [(E)- 1- propenyl]- 3- azabicyclo-
[3.1.0]hexan-2-one (12a): Yield 0.26 g (7.40 mmol,
53%); oil; Rr 0.53 [AcOEt-hexane (1:3)]; IR (neat) 1695
cm™!; 'THNMR 6=1.31 (1H, dd, Jirans=17.4 Hz, Jegem=
5.0 Hz, cyclopropane CHs), 1.42 (1H, dd, J.is=20.4 Hz,
Jgem =5.0 Hz, cyclopropane CHz), 1.67 (3H, dd, Juic=6.6
Hz, J=1.6 Hz, Me), 1.98—2.42 (1H, m, CH), 3.15—3.76
(2H, m, NCH,), 4.91 (1H, dq, Jirans=14.4 Hz, Joic =6.6
Hz, NCH=CH), 6.78 (1H, dq, Jirans=14.4 Hz, J=1.6 Hz,
NCH=CH), 7.06—7.50 (5H, m, phenyl H). MS Found m/z
245.0868. Calcd for C14H;sNOS: 245.0874 (M*).

1- Phenylthio- 3- [(Z)- 1- propenyl]- 3- azabicyclo-
[3.1.0]hexan-2-one (12b): Yield 0.06 g (0.24 mmol,
12%); oil; Rr 0.48 [AcOEt-hexane (1:3)]; IR (neat) 1695
cm™; '"HNMR 6=1.33 (1H, dd, Jirans=17.3 Hz, Jeem=
5.0 Hz, cyclopropane CH2), 1.44 (1H, dd, J.is=20.1 Hz,
Jgem=5.0 Hz, cyclopropane CHz), 1.69 (3H, dd, Jvic=7.3 Hz,
J=1.8 Hz, Me), 2.02—2.42 (1H, m, CH), 3.48—4.06 (2H, m,
NCHa»), 4.95 (1H, dq, Jeis=9.5 Hz, Jyvic=7.3 Hz, NCH=CH),
6.78 (1H, dq, Jcis=9.5 Hz, J=1.8 Hz, NCH=CH), 7.12—
7.82 (5H, m, phenyl H). MS Found m/z 245.0870. Calcd for
C14H15NOS: 245.0874 (M ™).

Depropenylation of 12a, 12b. A mixture (0.25 g,
1.00 mmol) of 12a and 12b in 0.5 equiv methanolic sodium
hydroxide (20 ml) was treated with a 4% aqueous potassium
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permanganate solution in MeOH until the reaction mixture
showed no starting compound when examined by thin-layer
chromatography. The mixture was filtered through the celite
pad, concentrated in vacuo and extracted with CHCls. After
evaporation of CHCl3, the residue was chromatographed on
preparative TLC (silica gel with CHCl3 : Et;0=1:2) to give
depropenylated compound 13.

1-Phenylthio-3-azabicyclo[3.1.0lhexan-2-one (13):
Yield 0.19 g (0.93 mmol, 93%); mp 155—155.5 °C; IR (KBr)
1685 cm™!; THNMR 6=1.30 (1H, dd, Jirans=14.0 Hz, Jeem=
4.8 Hz, cyclopropane CHz), 1.40 (1H, dd, J.s=17.0 Hz,
Jgem=4.8 Hz, cyclopropane CHz), 1.94—2.38 (1H, m, CH),
3.10—3.77 (2H, m, NCH;), 4.00—4.68 (1H, br, NH), 7.04—
7.46 (5H, m, phenyl H). MS m/z 205 (M*). Found: C,
64.20; H, 5.47; N, 6.74%. Calcd for C1:H;1NOS: C, 64.36;
H, 5.40; N, 6.82%.

Reduction of 8d.  To a suspension of LiAlH4 (0.76
g, 20.0 mmol) in THF (35 ml) was added CuCly (1.34 g,
10.0 mmol) and the mixture was stirred for 1 h under a ni-
trogen atmosphere (black precipate appeared immediately).
Then a THF solution (5 ml) of 8g (1.23 g, 5.00 mmol) was
added dropwise and the mixture was stirred at room tem-
perature for 30 min. After hydrolysis, a precipitate was
filtered through a celite pad and the filtrate was extracted
with diethyl ether. The extract was dried over anhydrous
sodium sulfate and evaporated in vacuo. The residue was
chromatographed on silica gel with AcOEt-hexane (1:9) to
give 14.

3-Allyl-1-phenylthio-3-azabicyclo[3.1.0]hexane (14):

Yield 0.69 g (3.00 mmol, 60%); oil; Rr 0.51 [AcOEt-hexane
(1:9)]; IR (neat) 2750, 1475 cm™'; "HNMR 6=0.74—1.12
(1H, m, cyclopropane CHy), 1.44—1.80 (2H; m, cyclopro-
pane CH and CH), 2.44 (1H, d, J=8.9 Hz, one H of NCH>),
2.50 (1H, d, J=8.9 Hz, one H of NCH3), 2.88—3.37 (4H, m,
allyl H and NCH2CS), 4.86—5.28 (2H, m, CH=CHs), 5.50—
6.15 (1H, m, CH=CH,), 7.02—7.46 (5H, m, phenyl H); MS
m/z 231(M*). Found: C, 72.58; H, 7.41; N, 5.86%. Calcd
for C14H17NS: C, 72.68; H, 7.41; N, 6.05%.

Deallylation of 14. Deallylation of 14 was carried
out according to the allylic rearrangement procedure as de-
scribed above to give 16.

1-Phenylthio-3-azabicyclo[3.1.0]hexane (16): Yield
0.29 g (1.52 mmol, 76%); mp 56—57 °C; IR (KBr) 3259,
1580 cm~!; 'THNMR 6=0.88-—1.28 (2H, m, cyclopropane
CH,), 1.52—2.84 (1H, m, CH), 2.20—2.64 (1H, br, NH),
2.76—3.40 (4H, m, NCH;), 7.00—7.46 (5H, m, phenyl H);
MS m/z 191 (M*). Found: C, 68.77; H, 6.99; N, 7.27%.
Calcd for C11H13NS: C, 69.07; H, 6.85; N, 7.32%.
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