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Steric Effects in the Ring-expansion of Coumarins by 2-Diazopropane and 
t -  Butyld iazomethane 

By Francis M. Dean * and 6. Kevin Park, The Robert Robinson Laboratories, The University of Liverpool, 
Liverpool, L69 3BX 

3-Cyanocoumarin gives in high yields its 4-isopropyl derivative with 2-diazopropane and its 4-t-butyl derivative 
with t -  butyldiazomethane showing that the 4-alkylation of 3-cyanocoumarin is general and unaffected by bulky 
substituents on the diazoalkane. 

With 2-diazopropane, 3-acetylcoumarin undergoes ring-expansion after which inverse cycloaddition of the 
diazoalkane leads to 3a-acetyl-3,3a,lO,I Oa-tetrahydro-3,3,10,1 O-tetramethyl-4H- [ I  ] benzoxepino [4,3-c] pyrazol- 
4-one (6a). In the similar reaction with 3-benzoylcoumarin the inverse cycloaddition is slow enough for the inter- 
mediate lactone (4b) to be isolated ; a cyclopropane derivative is also obtained in low yield. 

t -  Butyldiazomethane converts both 3-acetylcoumarin and 3-benzoylcoumarin into cyclopropane derivatives, 
e.g. 1 a-benzoyl-1 -t-butyl-1 a,7b-dihydrocyclopropa[c] [llbenzopyran-2(1 H)-one (14b), and there is little or no 
ring-expansion. 

It is concluded that although some bulk is required in the diatoalkane to force the pyrazoline into the correct 
conformation for ring-expansion, too great a bulk is deleterious because collisions divert the reaction into other 
channels. 

A note is added on a ring-contraction (1 -benzoxepin to benzofuran derivative) induced by silver nitrate- 
alumina columns used for chromatography. 

THE addition of diazoalkane to  coumarins with an forces Al-pyrazolines into a conformat ion wliicli favours 
electronegative substituent at position 3 produces aryl niigrati0n.~?5 
Al-pyrazolines wliich lose nitrogen to give products of M'c havc, therefore, investigated the effect upon 3- 
theoretical and synthetic interest. Elimination of acetylcoumarin (la) of 2-diazopropane and t-hutyl- 
nitrogen may be concertcd with hydrogen migration diazomethane in order to find out whether larger groups 
(1 alkylation), aryl migration (= ring-expansion), or improve or impair the ring expansion. For comparative 
ring-closure ( =L- cyclopropane formation) (Scheme) .1-3 purposes 3-cyanocoumarin (1 b) and 3-benzoylcoumarin 

ChH'R' 

(1 c) were also studied. QJp RESULTS AND DISCUSSION 

3-Cyanocoumarin has been alkylated by the simplest 
diazoalkanes, and did not suffer ring-expansion.2 

R' "/ Similarly, it reacted smoothly with 2-diazopropane at 
0 "C to supply the 4-isopropylcoumarin (2a) in quanti- 
tative yield, the n.m.r. spectrum confirming the presence 
of the isopropyl group. A more complex reaction 
occurred with 3-acetylcoumarin from which was isolated 
a product (44%) which had been formed from one 

cyclopropone formation molecule of the coumarin and two of diazoalkane with 
loss of one molecule of nitrogen. This suggested that 
the reaction had proceeded as in the diazoethane series 
and that the initial adduct (3) had immediately collapsed 
to give the oxepin derivative (4a) and then added a 
second molecule of diazoalkane to give the benzoxe- 
pinopyrazole (5). However, the thermal stability of the 
compound and the presence of a proton singlet at T 4.98 
in the lH n.m.r. spectrum indicated that the adduct was 

/ R2 
C-al kylat  ion 

ring- expansion 

\ 
c/ 4 / 

R2 

X = electron- withdrawing group 

SCHEME 

3- Acctylcoumarin (1 a) undergoes sequential ring-expan- 
sions with diazoethane to give oxepin, oxocin, and oxonin 
derivath-es and this reaction has been developed into 
a general synthetic method for the ring homologation of 
cyclic ketones and 1a~tones. l .~  In contrast, diazo- 
methane simply alkylates 3-acetylcoumarin (la) which 
leads us to  believe that the bulk of the ethylidene residue 

really the alternative benzoxepinopyrazole (Sa) . The 
signal for the proton singlet was not removed by D,O, 
proving that the compound was not a 2-pyrazoline, and 
other spectroscopic features were also consistent with the 
assigned structure. The inverted addition of the diazoal- 
kane is no doubt due to the steric compression of tkemethyl 
groups that would occur during the formation of adduct 
(5). Abnormal additions of 2-diazopropane to highly 
unsymmetrical alkenes with one activating group have 
been described previously 637 and are theoretically un- 
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cxceytional,” but this is the first exaniplc of such an 
addition to an alkcne in which the greater regiosclectivity 
associated with two electron-withdrawing groups has 
been overcome. The inverse mode of addition is a 
relatively slow process, and with 3-benzoylcoumarin 
formation of the benzoxepinopyrazole (6b) could be 
restricted to only 6% or less. By reducing both tlic 
temperature and the time of reaction we could also 
obtain a much simpler reaction mixture containing the 
intermediate oxepin (4b) (53%) along with the isopropyl- 
coumarin (2b) (23%) and the cycloproyane (7) (Myo). 

CHMez 

( 2 )  a; R = CN ( I la ;  R = COMe 
b ; R  = C N  
C ;  R = COPh 

b; R = COPh 

N OMe W C O U  

I/ 
Me N Me Me 

Me 

(4) a; R = Me 
b; R = Ph 

(6 )  a; R = Me 
b; R = Ph 

Ph 

r*, Me 
Me 

( 7 )  

‘l’hus, both 3-acetylcoumarin and 3-benzoylcoumarin 
uridcrwent ring-expansion in much better yield with 2- 
diazopropane than with diazoethane.1.2 The pyrazolines 
formed by cis-l,3-dipolar cycloaddition to  the coumarin 
may adopt either conformation (8) , in which tlie pyrazo- 
line ring proton is pseudo-equatorial and should there- 
fore favour alkylation (proton migration) , or conform- 
ation (9), in which the aryl group is pseudo-equatorial 
and should therefore favour ring-expansion (aryl 
migration). For both 3-acetylcoumarin and 3-benzoyl- 
coumarin conformation (8) is the less f avourable because 
i t  contains the equivalent of a 1,3-diaxial interaction 
between the pseudoaxial methyl group and the acyl 

group, and models indicate that there is also a steric 
interaction between the pseudo-equatorial methyl group 
and an aromatic proton. 

As continued ring-expansion with 2-diazopropane 
was prevented by steric congestion we examined the 
reaction of oxepin (4b) with the less bulky diazoethane 
and obtained a quantitative yield of the adduct (10) in 
which normal addition had occurred. The 2H n.m.r. 

y& Me 

Me 

t ie 

spectrum establishes the proton sequence CH,CHCH 
while the torsional coupling constant of the methine 
protons indicates that  they are trans-diaxial, and it 
follows that  the molecule adopts a conformation in 
which the secondary methyl group is pseudo-equatorial. 
This should favour ring-expansion , but thermolysis in 
bcnzene gave the ethylated benzoxepin (11) as the major 
product with the cyclopropane (12) as the minor. So 
complete an absence of ring-expanded products was 
unexpected, although models did suggest that  expansion 
would be obstructed by the conflux of several methyl 
groups. 

Thus 2-diazopropane gives improved efficiency only 
in the initial ring-expansion because the gem-dimethyl 
group it  produces prevents any further expansion. 

Me 

Me Me 

(13) 0 ;  R = CN 
b; R = AC 

t-Butyldiazomethane reacted much more slowly than 
the simpler diazoalkanes with 3-cyanocoumarin , but 
nevertheless gave an excellent yield of the 4-neopent yl- 
coumarin (13a); its large size does not, therefore, 
impede the very general C-alkylation of 3-cyano- 
coumarins by diazoalkane~.~ The signal for the methyl 
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groups in the lH n.m.r. spectrum of coumarin (13a) 
appeared as two peaks (relative intensity 2 : 1) indicating 
that the rotation of the t-butyl group may be slow on the 
IH n.m.r. time scale, two methyl groups straddling the 
nearest aromatic proton and tlie third eclipsing the 
cyano-group. 

With 3-acetylcoumarin both C-alkylation and ring- 
expansion were again observed but the major product 
was, unexpectedly, the cyclopropane (144. The stereo- 
chemistry of the cyclopropane protons was established by 
spectroscopic comparisons of chemical shifts with those 
in the parent compound (15) .Io Models indicate that the 
initial adduct formed from t-butyldiazomethane and 3- 
acetyl-coumarin will adopt conformation (16) rather than 
conformation (17) which contains the equivalent of a 
l13-diaxial interaction between the t-butyl and acetyl 
groups. On the basis of earlier arguments ring-espan- 
sion would again be the favoured process, but now 
migration of the aryl group may be prevented by collision 
of the benzene ring with the t-butyl group. We assume 

Me 

Me 

Me 

(16) 

Me 

Me 

(18) 

that, when ring-expansion 

(15) 

M e t M e  

Me 

(171 

Me 
(19) 

and C-alkylation are both 
unfavourable processes, cyclopropane formation should 
predominate. 

The 4-neopentylcoumarin (13b) ant1 tlie oxepino- 
pyrazoline (18) were isolated in 14% and 120/, yield 
respectively. The '$1 n.1n.r. spectrum of the oxepino- 
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pyrazoline confirmed the existence of a proton sequence 
CH*CE€*CH and the torsional coupling constants were 
consistent with conformation (19) with the C-3a proton 
pseudo-equatorial. It is interesting to  note that the 
molecule is willing to suffer the equivalent of a 1,3- 
diaxial interaction in the pyrazoline ring in order to 
avoid collision of the t-butyl groups. The conformation 
would normally be that leading to C-alkylation, but in 
either ether or tricliloronzethane tlie oxepinopyrazole 
(18) collapsed to give the cyclopropane (20a) as the 

Me 

(20) a i  R = M e  
b; R = f h  

exclusive product. Models indicate that the C-alkyl- 
ation process is blocked by the severe steric congestion 
that would occur in structure (21). 

The IH n.m.r. spectrum of the cyclopropane (20a) is 
complex at  26 "C but simpler at 120 "C indicating that in 
solution the molecule exists as more than one conformer. 
The configuration of the cyclopropane was initially 
assigned on the basis of torsional proton coupling 
constants, and has been confirmed by X-ray crystallo- 
graph y .3 

With 3-benzoylcoumarin we were able to isolate the 
initial adduct (22) (55%) despite its marked instability. 
Also formed during the reaction was the cyclopropane 
(14b) which was better obtained directly from the adduct 
(22) (65%). Finally, we were able to isolate a small 
amount of a substance the p.m.r. spectrum of which 
was very similar to that of the acetylcyclopropane 
(20a). The substance is believed to  be the benzoyl- 
cyclopropane (20b), and its isolation indicated that the 
initial adduct (22) does undergo slight ring-expansion 
to the oxepin (23) although, as in the diazoethane series,2 
we were unable to isolate this. 

We conclude that the bulk of a t-butyl group at  C-3 
in the pyrazoline ring disfavours both C-alkylation and 
ring-expansion and allows only cyclopropane formation 
(Scheme), While a moderately bulky diazoalkane is 
required to initiate ring-expansions, too great a bulk 
inhibits these and promotes other reactions particularly, 
inverse additions and cycloproprane formation. Hence 
ring-expansions arc best achieved with diazoethane. 



J.C.S. Perkin I 
Note on the Use of Silver Nitrate-Alumina.-During 

the attempted isolation of the oxepin (4b) we found that 
this changed on silver nitrate-alumina columns, to  give 
the benzofuran derivative (24). No such transform- 

( 2 4 )  ( 2 5 )  

ation was observed with either silica or alumina alone, 
and it appears to involve hydrolysis of the lactone, 
followed by internal Michael addition of phenolic oxygen 
to the activated double bond in (ZFi), and decarboxyl- 
ation. 

EXPERIMENTAL 

2-Diazopropane was prepared by the mercury( 11) oxide 
oxidation of acetone hydrazonc,ll and t-hutyldiazomethane 
was prepared by the vacuum pyrolysis of the lithium salt 
of pivalaldehyde tosylhydrazone.12 Non-hydroxylic sol- 
vents were dried over calcium hydride and re-distilled. 
The light petroleum used was the fraction of b.p. 60-80 "C. 
U.V. spectra were determined for solutions (ca. l W 3 ~ )  in 
ethanol. 1.r. spectra (diagnostic bands only) are quoted 
for KBr discs if no other phase is specified. lH N.m.r. 
spectra were recorded for solutions in deuteriochloroform, 
unless otherwise stated, with tetramethylsilane as internal 
standard; coupling constants ( J )  are given in Hz. Mole- 
cular weights were determined by mass spectrometry. 

3-Cyanocoumarin with 2-Diazopropane.-To a solution 
of 3-cyanocoumarin (1.0 g) in tetrahydrofuran a t  0 "C was 
added 2-cliazopropane (ca. 2.0 g) in ether (100 nil) and the 
mixture maintained a t  0 "C. Brisk effervescence began 
immediately and continued for ca. 5 min. After 30 min 
volatile materials were removed in vacuo, without applic- 
ation of heat, leaving a white solid which on crystallisation 
from acetone-hexane gave 3-cyano-4-isopropylcounzarin 
(2%) as pale green needles (1.21 g) ,  m.p. 157-159 "C; 
A,,,. 295, 303, and 338 nm (log E 4.14, 4.13, and 3.87); 
v,,,,. 2 212 (nitrile), and 1 722 cm-l (lactone); T 2.0-2.8 
(4 H, mm; Ar-IZ), 6.26 (1 H, septuplet, J 7), and 8.40 
( G  13, d, J 7) (isopropyl) (Found: C, 73.4; H, 5.4; N, 6.7%; 
M ,  213. C13H,,N0, requires C, 73.2; H, 5.2; N, 6.6%; 

3-Acetylcoumavin with 2-Diazopropane.--To a solution 
of 3-acetylcoumarin (2.0 g) in ether (100 ml) a t  0 "C was 
added 2-tliazopropane (ca. 4.0 g) in ether (200 nil) and the 
mixture maintained at  0 "C for 30 min. Kcnioval of volatile 
materials in VUGUO, without application of heat, left a yellow 
oil which was taken up in ether and the resulting solution 
filtered. Concentration of the filtrate gave a solid which 
crystallised from tetraliydrofuran-hexane giving (3aR*, 
SbR*)-3a-acetyl-3,3a, 10,10a-tetraJiydro-3,3,10,1 O-teiva- 
methyl[ I]benzoxe~zno[4,3-c]~~y~azoZ-4-o~ze (Ga) as needles 
(1.16 g ) ,  m.p. 165-166 "C; A,,, 232, 265, 273, and 333 
nm (log E 3.65, 2.07, 2.85, and 2.55); vnlnx. 1 765 (lactone), 
1 685 (ketone), and 1550 cm-l (N=N); T 2.5--3.2 (4 H, 
mm;  Ar-If), 4.98 ( 1  H, s; H-lOa), 7.83 ( 3  H, s; COMe), 
8.00 (G H, s ;  %Me,), 8.52 (3  H, s), and 9.22 (3 H, s) (10- 
Me,) (Found: C ,  68.2; H, 6.8; N, 9.2%; fi2, 300. C,,H,,- 
N203 requires C, 68.0; H, 6.7; N,  9.3%; M ,  300). 

M ,  213). 

3-Benzoylcoumarin with 2-Diazopropane at 0 "C.-To a 
solution of 3-benzoylcoumarin (2.5 g) in tetrahydrofuran 
(50 inl) at 0 "C was added 2-diazopropane (ca. 5.0 g) in 
ether (200 ml) arid the mixture maintained a t  0 "C far 30 
min. Removal of volatile materials in uacuo, without 
application of heat, left a pale yellow oil which on standing 
under light petroleuni-ether (1 : 1 v/v) deposited an intract- 
able white solid which was discarded. On standing the 
mother liquors deposited a solid which crystallised from 
benzene-hexane to give (3aR*, 9bR*) -3a-benzoyZ-3,3a, 10, - 
10a-tetrahydro-3,3,1@,10-tetramethyl-4H-[ l]benzoxepino[4,3-c]- 
pyrazoZ-4-one (6b) as prisms (0.21 g), m.p. 145-148 "C; 
vmax. (Nujol) 1725 (lactone), 1676 (ketone), and 1558 
cni-' (N=N); z 2.2-2.9 (9 H, m m ;  Ar-H), 4.50 ( 1  H, s, 
H-lOa), 7.60 (3 H, s ;  %Me), 7.96 (3 H, s ;  3-Me), 8.37 (3 H, 
s ;  10-Me) and 9.26 (3 H, s; 10-Me) (Found: C, 73.1; H, 
6.3; N, 7.7%; M 362. C,,H,,W,O, requires C, 72.9; 
H, 6.1; N, 7.7%; M ,  362). 

3-Benzoylcoumarin witJJ 2-Diazopropane nt - 10 "C.- 
To a solution of 3-benzoylcoumarin (4.0 g) in tetrahydro- 
furan-ether (1 : 1 v/v; 200 ml) was added 2-diazopropane 
(ca. 2.8 g) in ether (40 ml) and the resulting solution main- 
tained a t  - 10 "C. After 3 min glacial acetic acid was added 
dropwise until the red colour of the diazoalkane was no 
longer visible. The reaction was then stored a t  5 "C for 
5 h, during wliich time marked effervescence was observed. 
Removal of volatile materials by rotary evaporation left a 
colourless oil (5.1 g) which was chromatographed over silica 
gel (600 g) with protection from light. Elution with light 
petroleum-ether (7 : 3 V/V) gave (laR*, 7bS*)-la-benzoyl- 
1,7b-dihydro-l, l-dinzetlLyIcycZopropa[cl[ llbenzopyran-2- 
(1aH)-one (7) as needles (from ethanol) (0.49 g), m.p. 181- 
182 "C; A,,, 252 nm (log E 4.08); vmav 1 730 (lactone) and 
1 670 cni-l (ketone); T 2.0-3.0 (9 H, ~nm; Ar-H), 7.02 (1 H, 
s ;  H-7b), 8.82 (3 H, s ;  Me), and 8.85 (3 H, s ;  Me) 
(Found: C, 77.9; H, 5.7%; hf, 292. CI9Hl6O3 requires 
C, 78.1; H, 5.5%; M 292). 

Further elution gave mixtures (0.2 g) which were dis- 
carded. Continued elution gave another compound which 
crystallised from benzene-light petroleum to give 3- 
benzoyl-5,5-dimethyl-l-benzoxepin-2(5H)-one (4b) as prisms 
(2.18 g), m.p. 138-139 "C; lI,lax. 252 (log E 4.04); vmax. 1 720 
(lactone) and 1660 cm-l (ketone); T 2.3-2.8 (9 H, mm; 
Ar-H), 2.66 (1 H, s ;  H-4), and 8.34 (6 H, s ;  CMc,) (Found: 
C, 77.9; H, 5.5%; M ,  2.92. C,,H,,O, requires C, 78.1; 
H, 5.5%; nil, 292). 

Further elution gave 3-benzoyl-4-isopvoPyEGoumarin (2b) 
as needles (from benzene) (0.95 g), m.p. 198", Anla,. 254, 
280, and 310 nm (log E 4.03, 4.00, and 3.79); vlllax. 1 706 
(lactone) and 1663 cm-l (ketone); z 2.0-2.8 (9 H, nim; 
Ar-H), 6.80 (1 H, septuplet; J 7), and 8.63 (6 H, d, J 7 ;  
CHMe,). (Fo~iiid: C, 78.2; H, 5.6%; AT, 282. C19- 
13,,0, requires C, 78.1; H, !i.!jcy0; iW, 292). 

Benzoxepin (4b) with Siluer Nitvate-Aluunina.--The benz- 
oxepin (4b) (0.29 g) was adsorbed into a %yo silver nitrate- 
aluniin,z column (10 g) wliicli was stored for 3 days in the 
dark. Elution with light petroleum-ether (4 : 1 v/v) gave 
a solid which was recrystallised from ether-hexane to give 
2,3-diJ~ydro-3,3-divneti1yl-2-~Jzenacylhsnzofuran (24) as prisms 
(0.142 g), m.p. 71-72 "C; 247 and 277 nm (log E 4.00 
and 3.70) ; v,,,. 1 686 cm-l (ketone) ; T 2.0-2.93 (9 H, mm, 
Ar-H), 5.02, 6.46 and 6.47 (3 H ;  ABX system; JAR 16.5 
Hz,  Jax 8.2 Hz and J B X  4.8 Hz; OCHCH,), 8.58 (3 H, s ;  
Me), and 8.77 (3 H, s; Me) (Found: C, 81.1; H, 6.7%; 
M ,  266. C,,H,,O, requires C, 81.2; H, 6.87;; M ,  266). 



Benzoxepin (4b) with Diazoethane.-To a solution of the 
benzoxepin (4b) (0.5 g) in tetrahydrofuran (15 ml) a t  0 "C 
was added diazoetliane (ca. 0.50 g) in ether (100 nil) and 
the niixture maintained at 0 "C for 30 min. Kenioval of 
volatile materials in vacuo, without application of heat, 
gave an oil which on standing under liexane gave ( lR*,-  
3aR*, lOali*)-3a-benzoyZ-l,3a, lO,l0a-tetvahydvo-I, I0,lO-tvi- 
nzetl~yljl]benzon.epino[3,4-c]p?,razoZ-4-o~e (10) as prisms (0.59 
g) ,  1ii.p. 122-124 "C (witli loss of nitrogen); v,,,,,. I 750 
(lactone), 1682 (ketone) and 1545 cm-1; T 1.8--2.0 (9 H, 
mni; Ar-H), 5.45 (1 H ,  dq, J 10 and 7 ;  H-3), 6.83 ( I  €I, d,  
J ,  10; H-sa), 8.20 (3 H, d, J 7; 3-X/Ie), 8.40 ( 3  H, s ;  4- 
Me), and 8.60 (3  H, s; 4-Me) (Found: C, 72.5; H, 0.0; 
N, 8.1yo. C,,H,,O,N, requires C, 72.4; H, 5 . 8 ;  K, 8 .0%) .  

Thernzolysis of the Benzoxepi~zoPymzole ( 10) .--A solution 
of the benzoxepinopyrazole (0.59 g)  in dry benzene (50 
1111) was refluxed for 6 h under anhydrous conditions. lie- 
nioval of the solvent by rotary evaporation left an  oil 
which crystallisetl from hexane-benzene to give 3-benzoyl- 
.2-~tlzyl-5,5-dimet/~~Z-l-be~zzoxe~in-2( 5H)-one ( 1 1) as prisms 
(0.34 g), n1.p. 165-167 "C; A,,:,,. 245, 255 (infl.), and 283 
nm (log E 4.07, 3.99, and 3.80);  v,,,,. 1 690 (iactone) and 
1 665 cm-l (ketone); T 2.3-3.0 (9 H, mni; Ar-H), 7.77 

J-7; CH,Me) (Found: C, 78.9; H,  6.3%; M ,  320. C21- 
H,,O, requires C, 78.7; H,  6.3%; M ,  320). 

The mother-liquors were separated by preparative t .l.c. 
on silica using benzene as eluant. Extraction of tlie major 
band with chloroform gave an  oil, which crystallised from 
hexane to give (1R*, laS*,8aIC*)-la-benzoyl-l,la,8,8a-tetra- 
hydro- l18,8-triwethyl- 2H-cyclopropa [c] [I] benzoxepin-2-one 
(12) as prisms, m.p. 116-117 "C; A,,,. 247 nni (log E 

4.18); v,,,,. 1 700 (lactone) and 1 680 cni-1 (Iretone); T 
2.0-3.1 (9 H, m m ;  Ar-H), 7.8 ( 2  H, A B  system; H-8 and 
H-8a), 8.32 (6 H, s; CMe,), antl 9.11 (3 H, d ;  J 6 ;  &Me) 
(Found: C, 78.7; H, 6.3%; Ad, 320. C21€I~,,03 requires 
C, 78.7; H ,  6.37,; PI, 320). 

3-Cyanocoumarin with t-ButvZdiazomethnne.-To a solu- 
tion of 3-cyanocoumarin (0.30 g) in tetrahydrofuran (20 
nil) was added t-butyldiazomethane (ca. 0.50 g) in ether 
(100 nil). The solution was left overnight in the dark a t  
room temperature. Keinoval of volatile materials in IIUCUO, 

without application of heat, left a solid which on recrystal- 
lisation from acetone-light petroleurn gave 3-cyano-4- 
(2 ,2-dim~thylpro~yl)coulnnrin ( 13a) as prisms (0.33 g) ,  
m.p. 163-165 "C; Amax. 297, 304, and 340 nm (log E 4.12, 
4.11, and 3.86); v,,,. 2 212 (CN) and 1 728 cni-l (lactone); 
T 2.1--2.8 (4 H, m,  Ar-H), 6.90 (2 H, s; CH,), 8.74 ( 3  H, 
s ;  Me), and 8.88 (6 H, s ;  Me2) (Found: C, 74.5; H, 6 . 3 ;  
N, 5.8%; M, 241. Cl,H,,NO, requires C, 74.7; 13, 6 . 3 ;  
N, 5.8%; M ,  241). 

3-AcetyZcouinarin with t-ButyldiazometJiane.--To a solu- 
tion of 3-acetylcoumarin (0.50 g) in tetrahydrofuran (10 nil) 
was added t-butyldiazometliane (ca. 1.0 g) in ether (100 
ml) and the resulting solution maintained a t  0 "C for 
4 11. Removal of volatile materials in vacuo, without 
application of heat, left an oil which on standing under 
light petroleum yielded (lR*,3aS*, 10S*, 10aS*)-3a-acetyZ- 
l,lO-di-t-butyl-l,3a, 10,10a-tetvaIiydvo-4H-[ llhenzoxepino- 
[3,4-cJ-pyrazoZ-4-one (18) as prisms (0.13 g ) ,  n1.p. 124 "C 
(decomp.); v,,, 1 720 (broad; lactone and ketone) and 1 555 
cm-l (N=N); 7 2.6-3.1 (4 H, mni; Ar-H), 5.70 (1 H, d, 
J = 4; H-3), 6 58 (1 H,  dd, J 4 and 2 .5 ;  H-3a), 7.55 (3 H, 
s; COMe), 7.63 (1 H, d,  J 2.5; H-4), 8.90 (9 H, s ;  t- 
butyl), and 9.04 (9 H, s ;  t-butyl) (Found: C, 70.8; H, 

(2 H, 9, J-7; CH,Me), 8.28 (6 H, S :  Me,), a i ~ d  9.00 (3 H, t, 

8.1; N, 7.9%. C,,I-Iz,N,O, requires C, 70.8; H, 7.9; 
N, 7.9?$). 

Evaporation of the mother-liquors gave a crystallinc 
mass contaminated with a n  oil. liecrystallisation froni 
pentanc gave ( lR*,laR*,7bR*)-l a-ncetyZ-l-t-butyl-la,7b- 
dihydrocycZopvo~a[c] [l]benzopyran-2( lH)-one ( 14a) as 
prisms (0.42 g), n1.p. 105 "C; A,,,,. 226, 269, and 276 nm 
(log E 3.45, 2.90, and 2.92); v,,,. (Nujol) 1 723 (lactone) 
and 1 700 c1i1 (lietone); T 2.4-3.1 (4 H, nini; Ar-II), 
6.70 ( 1  I€ ,  d, J 7.5; 11-71)), 7.29 ( 3  13, s;  COR'Ie), 8.34 (1 13, 
tl ,  J 7.5; H-l), and 9.00 s, t-butyl) (Fo\incl: C, 74.2; 33, 
7.1%; iW, 258. C1,EI,,03 requires C, 74.4; H, 7.00/,; I M ,  

The residue was separated by preparative t.1.c. on silica 
gel using the solvent system light petroleum-ether ( 1  : 1 
vlv). Extraction of the major band gave a11 oil wliicli 
crystallised from hexane to give 3-acetyZ-4-( 2,2-di~~aetlt~vl- 
projiyZ)coumarin (13b) as prisms (0.1 g), 1n.p. 112-114 "C; 
A,,,:ly. 290 arid 320 (infl.) 11111 (log E 3.1):) antl 3.76) ; T 2.1-- 2 . 9  
(4 H, m m ;  Ar-H), 6.94 (2 H, s ;  CHJ, 7.41 ( 3  €1, s; COMc), 
8.98 (3  H, s; Me), and 9.02 (6 H, s ;  CMe,) (Fountl: C, 
74.6; I€, 7.07',; M ,  258. Cl,H1,O, requires C,  74.4; 13, 
7.0%; fir, 2 5 8 ) .  

Decomposition of the  Oxe~ino~ymzoZe (18) .--A solution 
of the oxepinopyrazole (0.10 g)  in dry chloroform was 
left a t  room temperature for 24 11, during wiiicli time 
steady nitrogen evolution was observed. Removal of the 
solvent left an oil which on standing under liexane deposited 
(1K*, laS*,811*,8aS*) I a-acetyZ-l,8-dz-t-butyZ-l, la,8,8a- 
tetrahyclvoc3/cZo~ro~u[cj [ l]befizoxepin-2-one (20a) as prisms 
(0.082 g) ,  n1.p. 119 "C; A,,,,. 265 and 272 nm (log E 2.82 
and 2.13); vInax. (CHCl,) 1 740 (lactone) and 1 700 cn-1 
(ketone); -r(CHCl,CHCl,; 120 "C) 7.28 (2 H, m, J 4.5 a d  
4.5; H-1 and H-8), 7.61 (3  H, s; COMe), 7.90 (t, 1 13; J 
4.5;  H-Sa), 8.66 (9 H, s ;  t-butyl), and 8.95 (9 H, s; t- 
butyl) (Found:  C, 77.0; H, 8.8(;(); lW, 328. C22HP,03 
requires C, 76.8; H, 8.604; &I, 328). 

3-BeiizoyZcouiulavin with t-But~Zdiazt>metlia~ae. -To a solu- 
tion of t-but4.ldiazometIlanr: (ca. 1.0 g)  in ether at 0 'C  was 
added 3-benzoylcoumarin (0.50 g) in tetrahyclrofuran ( 1 0 
nil) and tlie resulting solution maintained a t  o "C for 4 11. 

Concentration oi the solution, without application of I ~ C Y L  t, 
resulted in tlie separation of (lR*,3aK*,9bIi*)-:Za-be?.zzo~~Z- 
1 - t - bu ty 2 - 3 a, 9b - d i / r  y d YO [ 1 ] benzopy rano [ 3,4 -c] pjwazo I -  4 ( 1 H ) - 
owe (22) as a powder (0.39 g) ,  which was satisfactorily 
pure after washing with cold liesane. For analytical 
purposes the coniponnd was slowly precipitated froni cold 
tetrahydrofuran with iiesant~, which gave needles, ni.11. 
87 "C (wit11 loss of nitrogen); v,~,,~. 1 750 (lacionc), 1 690 
(ketone) ant1 1 555 c1n-l (N=N) (t;ound: C, 72.5; H, 5.8; 
N, 7.W/,. C21H20N,03 requires C, 72.4; H, 5.8%; N, 
8.0°/0). 

Concentration o€ the mot her-liquor gave an oil which 
on standing under ethane-liesane yielded (1R*, 1 ali*,- 
7bR*) -1 a-benzoyl- l-t-but-& 1 a, 7b-diIrydvocrvcZo~ropa[c] - 
[l]benzopyva,t-2(1H)-orte (14b) as prisms (0.21 g), 1n.p. 
176-177 "C; A,,,,, 250 nni (log E 4.17); villas. 1 744 (lactone) 
and 1 658 cni-l (ketone); T 1.9-3.0 (9 H, mm; Ar-H), 
7.06 (1 H, d, J 7; H-7b), 8.28 (1 €I, cl, J 7; H- l ) ,  arid 9.00 
(9 H, s;  t-butyi) (Found: C, 78.4; 1-3, 6.3'>&; M ,  3 2 0 .  
C2,H3,0, requires C, 78.7; 13, 6.:3(>&; n/r, 320). 

Preparative t.1.c. on silica (benzene elunnt) of the residue 
supplied a solid wliicli oil recrystallisation froni hexane 
gave (1R*, 1 aS*,8K* ,8aS*)-lct-bt.izzo~~Z-l,8-di-t-but~rZ-l, la,-  
8 , 8 ~ - t e t v a h ~ ~ d r o c ~ ~ c Z u p ~ o ~ ~ ~ c ]  [ l ] b e ~ a o x ~ P i n - 2 - o , i ~  (%%) as 

258). 
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prisms, n1.p. 156-158 " C ;  A,,,,, 250 nm (log E 4.20); v,,,~. 
1715 (lactone) and 1670 cm-l (ketone); T 1.9-2.5 (9 H, 
inin; Ar-H), 6.8-8.0 (3  H, mm;  H-1, H-8 and H-Sa), 
8.74 and 8.90 (9 H, two singlets; t-butyl) and 9.00 and 
9.36 (9 H; two singlets, t-butyl) (Found: Mt* ,  390.215 88. 
CZBHSO03 requires 114, 390.219 48. 

Decomposition of Chromeno~iyrazole (22) .-A solution of 
the chronienopyrazole (0.174 g) in ether ( 5  nil) was storecl 
in the dark at 20 "C for 48 h. licnioval of the solvent under 
reduced pressure left a white solid (0.161 g)  wliich on  
recrystallisation from benzene-hexancl gave cyclopropa- 
benzopyran (14b) as prisms (0.108 g ;  68Oi;), n1.p. 17ci-- 
177 "C. ,4n identical result was obtained wlien the reaction 
was carried out in trichloromethanc. 

The ;tutliors tl-tanlc Allen and Hanburys and the S.1I.C. 
€or a CASK award (€3. K. P.). 

[0/29G Received, 2 I s t  Frhr2tn~y, 19W] 

REFERENCES 

Perkin I, 1974, 66. 
R. Clinging, F. 11. Dean, and L. E. Houghton, J.C.S. 

I;. M. Dean and B. I<. Park, J.C.S. Perkin I ,  1976, 1260. 
3 M. J. Begley, F. M. Dean, L. E. Houghton, K. S. Johnson, 

* F. M. Dean and B. K. Park, J.C.S.  Chern. Comrn., 1975, 142. 
R. Clinging, F. M. Dean, and 1,. E. Houghton, J .  Chem. SOC. 

6 S.  U. Andrews, A. C. Day, and A. N. McDonald, J .  Chem. 

&I. Franc-Neumann, Angew. Chein. Internat. Edit., 1968, 7, 

I<. N. Houk, J .  Sinis, C. R. Watts, and L. J .  T,uskus, J .  

li. Clinging, F. &I. Dean, L. E. I-Ioughton, and B. I<. Park, 

and €3. K. Park, J .C.S .  Chem. Comm.,  1978, 461. 

(C), 1970, 897. 

SOC. ( C ) ,  2969, 787. 

65. 

4 m e v .  Chein. SOC., 1973, 95, 7301. 

Tetrahedron Letters, 1976, 1172. 
lo I?. M. Dean and R. I<. Park, unpublished observations. 
l1 G. M. Kaufman, J .  A. Smith, G. G. Van der Stouw, and 11. 

l 2  S. n. Ancircws, A. C. Day, 1'. Hayinontl, and M. C. Whiting, 
Schcchtcr, J .  Awaer. Ckem. Soc., 1965, 07, 935. 

O Y ~ .  Syiqth., 1970, 50, 27. 

@) Copyright 1980 by  Thv Hoyal Society o f  Chemistry 




