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69 (40); exact mass calcd for C16HaNS 261.1581, found 261.1578. 
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The addition of t-BuLi to a low-temperature THF solution of o-bromocarbamates 2 leads to ortho-lithiated 
intermediates 3, in which internal trapping by the electrophile on the side chain then takes place. This novel 
Parham-type anionic cyclization procedure affords the variously substituted phthalides 5 in high yields and can 
also be used for the preparation of lactones 8, which are useful for the synthesis of aristocularine alkaloids. 

Introduction 
Phthalides are versatile starting materials for the syn- 

thesis of a variety of structures. Carbanions derived from 
proton abstraction at  the benzylic position have received 
considerable attention during the last decade as useful 
1,Cdipole synthetic equivalents' for the preparation of 
linear and angular polycyclic aromatic systems2 and some 
pharmacologically interesting isoquinoline On 
the other hand, the electrophilic nature of the carbonyl 
of 3-halogenophthalides has been exploited by us for the 
assembly of isoindoloisoquinolines and benzo[ b ] -  
phenanthridine~.~ Phthalides are also appropriate pre- 
cursors for isobenzofurans, which are highly reactive 
species, in synthetically useful cycloaddition  reaction^.^ 

Classical methods for the preparation of phthalides 
depend on the chloromethylation of benzoic acids, but they 
usually give low yields and are not suitable for the re- 
gioselective preparation of substituted phthalides! More 
recent syntheses are based on transition-metal-catalyzed 
carbonylation of ortho-substituted benzyl alcohols,' cya- 
nation of o-halogenobenzyl alcohols? or metalation-car- 
boxylation of m-alkoxybenzyl derivatives. The latter 
strategy is based on the ortho-directing effect of alkoxy 
substituentsg and is thus only suitable for the synthesis 
of 7-alkoxyphthalides, which are obtained in moderate 
yields.1° Other routes based on ortho-lithiated aromatic 
derivatives of benzamides," oxazolines,12 or benz- 
a l d e h y d e ~ ~ ~  have also been reported.14 

In this paper, we describe a new method by which a 
variety of phthalides can be obtained by lithium-halogen 

'Dedicated to Prof. M. P. Cava on the occasion of his 65th 
birthday. 

1 4 1  d "  f 5 

a Reagents and conditions: (a) DMF, NaH, NJV-dimethyl- 
carbamoyl chloride; (b) THF, t-BuLi, -95 O C ;  (c) MeOH, -95 "C to 
rt; (d) MeOH, rt or TFA, rt. 

interchange followed by internal trapping from carbamates 
derived from o-bromobenzylic alcohols. 
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zation. 
We report here a new synthesis of phthalides 5 (Scheme 

I) in which the lactone ring is assembled by lithium-hal- 
ogen exchange in a bromo derivative 2 followed by Parham 
type cyclization of the lithiated intermediate 3, with the 
carbamate acting as the internal electrophile. The required 
substrates were prepared from commercially available 
aldehydes, which were readily converted to o-bromobenzyl 
alcohols 1 and then quantitatively transformed into the 
desired carbamates 2 by reaction with N,N-dimethyl- 
carbamoyl chloride. 

We first studied the dimethoxy derivative 2a, which was 
converted to the reactive intermediate 3a by treatment of 
a THF solution at  -95 OC with 1.1 equiv of t-BuLi (1.7 M 
solution in pentane) added dropwise. A few minutes after 
the addition of t-BuLi the reaction mixture was quenched 
by anhydrous methanol, taken out of the cooling bath, and 
stirred at rt for 8 h. After workup, the crude product was 
shown by integration of NMR signals to be a 3:l mixture 
of compound 4a and lactone 5a. When in the above ex- 
periment the quenched mixture was stirred for a longer 
period of time (14 h) the product ratio was 1:7 in favor of 
the lactone, and with 20 h of stirring the phthalide 5a could 
be isolated in 93% yield (Table I). It is interesting to note 
that only 1.1 equiv of t-BuLi was needed in the metalation 
step and that no protonated derivative of 3a was observed, 
showing that internal trapping in the lithiated intermediate 
3a was fast enough to prevent its reaction with the t - B a r  
produced in the exchange reaction. Note also that reaction 
of the tertiary bromide with t-BuLi22 is in this case not 
competitive with the very fast metal-halogen exchange 
between t-BuLi and the aryl bromide 2a; this makes a 
second equivalent of metalating agent unne~essary .~~ 

In contrast with the above, the slow addition of 1.1 equiv 
of t-BuLi to the carbamate 2b at  -95 "C, followed by the 
usual MeOH treatment and chromatography, led to an 
inseparable mixture of lactone 5b, starting material, and 
the debrominated derivative of the latter in an approxi- 
mate ratio of 6:3:1, as determined by NMR integration. 
The presence of the debrominated compound shows that 
trapping of the aryllithio derivative 3b is slower than in 
3a, due probably to the strain which is developed during 
the closure of a new ring fused to an aromatic ring that 
already contributes to an adjoining ring completed by the 
methylenedioxy group; 3b is thus partially protonated by 
the t-BuBr generated. The unchanged starting material 
is the result of partial consumption of the metalating agent 
by the competitive reaction between t-BuLi and t-BuBr, 
which may indicate slower metal-halogen interchange than 
in 2a. In keeping with these assumptions, the use of 1.3 
equiv of t-BuLi led to an improved ratio of products (61:1), 
with less starting bromide remaining, while addition of 2 
equiv of t-BuLi gave only lactone 5b (82% isolated yield). 
Under the latter conditions the excess t-BuLi consumes 
all the t-BuBr, thus preventing it from quenching forma- 
tion of the aryllithio intermediate. 

Starting from carbamates 2c and 2d, good yields of the 
corresponding 5,6-dialkoxyphthalides 5c and 5d were ob- 
tained by using 1.5 equiv of t-BuLi (Table I). 

Similarly, the 6,7-dimethoxyphthalide 58 was prepared 
by treatment of 2e with 1.1 equiv of t-BuLi. In this case, 
a mixture of 4e and 50 was still present even after 48 h of 
stirring at  rt in the presence of methanol. Compound 4e 
was fiially converted to the desired phthalide by addition 
of trifluoroacetic acid and further stirring for 2 h. The 

Table  I. Prepara t ion  of Phtha l ides  5 f rom Carbamates  2 
(Scheme I) 

2 R1 RZ R3 t-BuLi of 50 
a H  OMe OMe 1.1 93 (20) 
b H  OCHzO 2.0 82 (12) 
c H  OCHzPh OMe 1.5 85 (24) 
d H  OMe OCHzPh 1.5 85 (24) 
e OMe OMe H 1.1 86 (36)* 
f OCONMc, OMe H 2.0 78 (24)b 
g OMe OMe OMe 1.5 94 (36)b 

"Yields after quenching with anhydrous methanol at the reac- 
tion temperature followed by stirring at room temperature for the 
time (h) specified in parentheses. Addition of trifluoroacetic acid 
and stirring at room temperature were needed to  completely 
transform the hydroxyamide 4 to  its corresponding phthalide. 

equiv of % yield 

Results and Discussion 
Our synthesis is based on Parham's "direct" protocol for 

annulations, in which an ortho-lithiated aromatic cyclizes 
by reaction with an electrophile present on the side chain 
(eq l).l6 For this approach to be successful the electro- 

phile must be resistant to the lithiation conditions but 
reactive enough for the subsequent intramolecular nu- 
cleophilic attack in the cyclization step. Such anionic 
aromatic annulations were first carried out on &(o- 
bromopheny1)propanoic acid and ita diisopropylamide to 
give 1-indanone in 76% and 61% yields, respectively,'6 and 
later extended to other (0-bromopheny1)alkanoic acids." 
Besides the carboxyl and N,N-dialkylcarboxamide groups, 
other electrophiles such as epoxide,ls bromo,lg aldiminom 
and imide21 groups have successfully been used for cycli- 

(5) Evans, J. c.; Klii, R. D.; Bach, R. D. J. Org. Chem. 1988,53,5519. 
For a recent review on isobenzofurans see: Rodrigo, R. Tetrahedron 1988, 
44, 2093. 

(6) (a) Edwards, G. A.; Perkin, W. H., Jr.; Stoyle, F. W. J. Chem. SOC. 
1925,195. (b) Buehler, C. A.; Powers, T. A.; Michels, J. G. J. Am. Chem. 
SOC. 1944, 66, 417. (c) Popp, F. D.; Bhattacherjee, D. J. Heterocycl. 
Chem. 1980,315. 

(7) (a) Larock, R. Heterocycles 1982,18,397. (b) Brunet, J. J.; Sidot, 
C.; Caubere, P. J. Org. Chem. 1983,48, 1166. 

(8) Sargent, M. V. J. Chem. Soc., Perkin Trans. 1 1987, 231. 
(9) Gschwend, H. G.; Roddguez, H. R. Org. React. 1979,26, 1. 
(10) (a) Noire, P. D.; Franck, R. W. Synthesis 1980, 882. (b) Trost, 
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T. V.; Mooney, B. A.; Prager, R. H.; Tippett, J. M. A u t .  J. Chem. 1981, 
34, 383. (d) Clarke, S. I.; Kasum, B.; Prager, R. H.; Ward, A. D. A u t .  
J. Chem. 1983, 36, 2483. (e) Narasimhan, N. S.; Mali, R. S.; Kulkami, 
B. K.; Gupta, P. K. Znd. J. Chem. 1983,22B, 1257. (f) Napolitano, E.; 
Giannone, E.; Fiaschi, R.; Marsili, A. J. Org. Chem. 1983,48,3653. (9) 
Costa, A,; Sa& J. M. Tetrahedron Lett. 1987, 28, 5551. 

(11) (a) Beak, P.; Snieckus, V. Acc. Chem. Res. 1982, 15, 306. (b) 
Snieckus, V. Chem. Rev. 1990, 90, 879. 

(12) Meyers, A. I.; Hanagan, M. A.; Trefonas, L. M.; Baker, R. J. 
Tetrahedron 1983, 39, 1991. 
(13) (a) Cushman, M.; Choong, T.-C.; Valko, J. T.; Koleck, M. P. J. 

Org. Chem. 1980,45,5067. (b) Sinhababu, A. K.; Borchardt, R. T. J. Org. 
Chem. 1983,48, 2356. 
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lithiation see: Narasimhan, N. S.; Mali, R. S. Synthesis 1983, 957. 

(15) Parham, W. E.; Bradsher, C. K. Acc. Chem. Res. 1982, 15, 300. 
(16) Parham, W. E.; Jones, L. D.; Sayed, Y. J. Org. Chem. 1975, 40, 

2294. _ _ _  _. 
(17) Boatman, R. J.; Whitlock, B. J.; Whitlock, H. W., Jr. J. Am. 

Chem. SOC. 1977,99, 4822. 
(18) (a) Bradsher, C. K.; Reames, D. C. J. Org. Chem. 1978,43,3800. 

(b) Dhawam, K. L.; Gowland, B. D.; Durst, T. Zbid. 1980, 45, 922. (c) 
Shankaran, K.; Snieckus, V. J. Org. Chem. 1984,49, 5022. 
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Greenwood, T. D.; Wolfe, J. F. Tetrahedron Lett. 1989, 30, 275. 

(22) Corey, E. J.; Beames, D. J. J. Am. Chem. SOC. 1972, 94, 7210. 
(23) When n-BuLi (1 equiv) was used in place of t-BuLi a very good 

yield of lactone Sa was obtained (see ref 35). 
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the use of 3.5 equiv of bromine transformed into the tri- 
bromide 7c (76% yield). The presence of three bromine 
atoms was not, however, seen as an impediment to lac- 
tonization. We reasoned that t-BuLi treatment as above 
would bring about both the metalation of the ring A and 
the monometalation of the lower ring; the aryllithium on 
ring A would then be intramolecularly trapped by the 
carbamate, while the one on ring C was expected to be 
stable enough to survive at the reaction temperature. The 
reaction was carried out by treating a 0.015 M THF so- 
lution of 7c a t  -90 "C with 4 equiv of t-BuLi for 10 min, 
followed by quenching with a few drops of methanol. The 
reaction mixture was then allowed to warm to rt and 
worked up to give the fully debrominated lactone 8b (77% 
yield). The unexpected complete reduction of ring C is 
interpreted as the result of protonation of the corre- 
sponding aryllithium derivative by the substrate or t-BuBr, 
followed by the fast exchange of the second bromine for 
Li from t-BuLi and subsequent protonation by t-BuBr. In 
order to clarify these points, we carried out the metalation 
of 7c followed by quenching with CD30D (10 equiv); the 
resulting lactone 8b had no deuterium, showing that no 
lithiated derivatives were present when the quencher was 
added.35 The use of more concentrated solutions of 7c in 
the lactonization reaction led to lower yields of phthalide 
8b as the result of intermolecular processes involving the 
ring C aryllithium. 

In conclusion, we have developed a high-yielding ap- 
proach to the synthesis of phthalides which is based on 
a novel Parham-type cyclization in which a carbamate acts 
as an internal trap in an ortho-lithiated derivative gen- 
erated by metal-halogen interchange. 

Experimental Section 
General Methods. 'H and 13C NMR spectra were recorded 

at 250 and 62.83 MHz in CDC13 Mass spectra were recorded at  
an ionization voltage of 70 eV. Melting points are uncorrected. 
All air-sensitive reactions were run under dried deoxygenated Ar, 
in oven-dried glassware, with magnetic stirring; reagents were 
added by syringe through septa. All solvents for air- or mois- 
ture-sensitive reactions were dried by standard proceduresB The 
concentration of commercial solutions of t-BuLi in pentane 
(Aldrich) was determined immediately prior to use by titration 
with diphenylacetic acid.29 NJV-Dimethylcarbamoyl chloride 
(Aldrich) was distilled from CaH, prior to use. 

o-Bromobenzyl alcohols la-le were prepared by NaBH4 re- 
duction in methanol of the corresponding o-bromobenzaldehydea: 
2-bromo-4,5-dimethoxybenzaldehyde,So 2-bromo-4,5-(methy- 
lenedioxy)benzaldehyde,Sl 4-(benzyloxy)-2-bromo-5-methoxy- 
benzaldehyde,32 5-(benzyloxy)-2-brom0-4-methoxybenzaldehyde,3~ 
and 2-brom0-3,4-dimethoxybenzaldehyde,'~~ respectively. Com- 
pound l g  was obtained from commercially available 3,4,5-tri- 
methoxybenzaldehyde by NaBH4 reduction followed by bromi- 
nation with N-bromosuccinimide in CCl,.loa 

Preparation of Carbamates 2. General Procedure. A 
50-mL round-bottomed flask equipped with a stirring bar, septum 
cap, and Ar inlet was flame-dried under a stream of dry Ar and 
then cooled to rt. NaH (80% in mineral oil, 60 "01) was added, 
washed twice with anhydrous THF, and cooled to 0 "C, and a 
solution of the benzyl alcohol 1 (20 mmol) in dry DMF (25 mL) 
was added dropwise. The mixture was stirred until H2 evolution 
was complete, and then excess NJV-dimethylcarbamoyl chloride 
(40 mmol, 3.7 mL) was slowly added dropwise with a syringe. The 

Scheme 11" 

6 

n 
7 

a 

8 9 

a, R1=R3=H. R2=OMe; b, R1=R2=H, R3=OMe; c, R1=R2=Br, R3=OMe; 

'Reagents and conditions: (a) NaBH4, methanol; (b) NaH, 
DMF, C1C02NMe2; (c) Brz, NaOAc, AcOH; (d) t-BuLi, THF, -95 
O C ,  10 min; (e) MeOH. 

need of acid to complete the conversion of 4e can be ad- 
scribed to the presence of a substituent ortho to the car- 
boxamide group of &, which slows down the lactonization 
process.24 Compound Sf, in which a second urethane 
function acts as a protecting group for the phenolic hy- 
droxyl, also formed only slowly in the presence of methanol 
and required the addition of acid. The intermediate 
aryllithio derivative 3f is efficiently captured by the car- 
bamate at the side chain with no interference by the 0-aryl 
carbamate, which survives in the reaction conditions.'lb 

The trimethoxyphthalide 5g was obtained in 94% yield 
by treatment of carbamate 2g with 1.5 equiv of t-BuLi a t  
-95 OC for 20 min, followed by addition of MeOH and acid 
and stirring at  rt for 36 h. 

Having proved the feasibility of the lactonization pro- 
cedure, we applied it to the preparation of the more com- 
plex lactones 8 (Scheme II); these are used as intermediates 
in the total synthesis of aristocularines 9,25 of which ar- 
istoyagonine (9b) is the only example to date of a natural 
cularine alkaloid incorporating a five-membered lactam 
ring.26 

The precursor for lactone 8a was prepared from the 
dibenzoxepinone 6a27 by sodium borohydride reduction 
(93% yield), carbamoylation (89%), and subsequent bro- 
mination to give the 9-bromo derivative 7a selectively in 
88% yield. Treatment of this carbamate under the general 
conditions for cyclization led after workup to a 92% yield 
of the desired lactone 8a, which was converted to the 
nonnatural " k i n e  9a in a straightforward manner.% 

The preparation of the isomeric lactone 8b needed for 
the synthesis of aristoyagonine met with some difficulties. 
In this case, attempted bromination at C-9 of the urethane 
derived from dibenzoxepinone 6bn failed, giving a mixture 
of compounds with different degrees of bromination, which 

(24) Silva, S. 0.; Snieckus, V. Tetrahedron Lett. 1978, 18, 5103. 
(25) For a preliminary report on this work see: Lamas, C.; Castedo, 

L.; Domhguez, D. Tetrahedron Lett. 1990,31, 6247. 
(26). (a) Castedo, L. The Chemistry and Pharmacology of Cularine 

Alkaloids. In The Chemistry and Biology of Zsoquinoline Alkaloids; 
Philipson et al., Eds.; Springer-Verlag: New York, 1985; pp 102-125. (b) 
Castedo, L.; Suau, R. The Cularine Alkaloids. In The Alkaloids; Brossi, 
A., Ed.; Academic Press: New York, 1986; Vol, 29, pp 287-324. 

(27) Lamas, C.; Garcia, A.; Castedo, L.; Dominguez, D. Tetrahedron 
Lett. 1989, 30, 6927. 

(28) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory 

(29) Kofron, W. G.; Baclawsky, L. M. J. Org. Chem. 1976, 41, 1879. 
(30) Charlton, J. L.; Alaudin, M. M. J.  Org. Chem. 1986, 51, 3490. 
(31) Orr, A. M. B.; Robinson, R.; Williams, M. M. J. Chem. SOC. 1917, 

Chemicals; Pergamon Press: Oxford, 1988. 

3202. 

Perkin Trans. 1 1987,931. 
(32) Bolton, R. E.; Moody, C. J.; Rees, C. W.; Tojo, G. J. Chem. SOC., 
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resulting suspension was further stirred at rt for 3 h and then 
cooled to 0 "C. After addition of a few drops of methanol, it was 
diluted with CHzClz (30 mL) and washed with water (4 X 15 mL). 
The organic extract was dried with anhydrous Na2S04 and the 
solvent evaporated to leave the carbamate. 

1 -[ (2-Bromo-4,5-dimet hoxypheny1)met hoxyl-N,N-di- 
methylmethanamide (2a). Recrystallization from hexane- 
CHzClz gave 6.04 g (95%): mp 73-75 "C; IR (KBr) 1710 cm-'; 
'H NMR 6 2.94 (s,6 H, NMez), 3.88 (8, 6 H, 2xOMe), 5.13 (8, 2 
H, ArCH,O), 6.97 (8, 1 H, ArH), 7.04 (s, 1 H, ArH); 13C NMR 6 
35.60 and 36.12 (NMQ, 55.75 (OMe), 55.86 (OMe), 66.29 (ArCHJ, 
113.15, 113.85, 115.37, 127.96, 148.10, 149.23, 156.00 (CO). 
l-[[2-Bromo-4,5-(methylenedioxy)phenyl]methoxy]-N,iVN- 

dimethylmethanamide (2b). The crude product was chroma- 
tographed on a column of silica gel; elution with CHzClz followed 
by evaporation of solvent gave essentially pure 2b, which was 
recrystallized from EtOAc-hexane: yield 5.4 g (90%): mp 76-77 
OC; IR (KBr) 1700 cm-'; 'H NMR 6 2.95 (8, 6 H, NMe,), 5.10 (s, 
2 H, ArCH,O), 5.98 (s,2 H, OCH,O), 6.92 (s, 1 H, ArH), 7.02 (8, 
1 H, ArH);W NMR 6 35.76 and 36.25 (NMeJ, 66.37 (ArCH,), 

156.06 (CO). 
1-[ [ 4-(Benzyloxy)-2-bromo-5-methoxyphenyl]methoxy]- 

NaN-dimethylmethanamide (2c). Recrystallization from eth- 
er-EtOAc-hexane gave 7.7 g (98%): mp 94-96 "C; IR (KBr) 1705 
cm-'; 'H NMR 6 2.94 (8, 6 H, NMe,), 3.88 (s,3 H, OMe), 5.12 (8, 
4 H), 6.99 (s, 1 H, ArH), 7.09 (8, 1 H, ArH), 7.36-7.43 (m, 5 H); 
13C NMR 6 35.89 and 36.31 (NMez), 56.15 (OMe), 66.56 (ArCH,), 
71.29 (ArCHJ, 113.94,113.99,118.16,127.39,128.08,128.61,128.82, 
136.41, 148.71, 149.06, 156.29 (CO). 

1-[ [5-(Benzyloxy)-2-bromo-4-methoxyphenyl]methoxy]- 
N,N-dimethylmethanamide (2d). Recrystallization from 
ether-EtOAc-hexane gave 7.5 g (95%): mp 61-62 "C; IR (KBr) 
1705 cm-'; 'H NMR 6 2.85 and 2.91 (6 H, NMe,), 3.88 (8, 3 H, 
OMe), 5.07 (s, 2 H), 5.14 (8, 2 H), 6.96 (s, 1 H, ArH), 7.05 (s, 1 
H, ArH), 7.32-7.44 (m, 5 H); '% NMR 6 35.81 and 36.41 (NMe,), 
56.21 (OMe), 66.39, 71.23, 114.47, 115.90, 116.15, 127.27, 127.93, 
128.22, 128.54, 136.71, 147.49, 150.15, 156.22 (CO). 

1-[ (2-Bromo-3,4-dimethoxyphenyl)methoxy]-N,N-di- 
methylmethanamide (20). Purified by column chromatography 
on silica gel [CH2C1,-MeOH (1%)] and recrystallized from hex- 
an4HzCl$  yield 5.4 g (85%); mp 44-46 "C; IR (KBr) 1710 cm-'; 
'H NMR 6 2.93 (8, 6 H,NMe2), 3.86 (8, 3 H, OMe), 3.87 (s, 3 H, 
OMe), 5.14 (s,2 H, ArCH20), 6.86 (d, J = 8.5 Hz, 1 H, ArH), 7.15 
(d, J = 8.5 Hz, 1 H, ArH); 13C NMR 6 35.44 and 35.94 (NMe,), 
55.59 (OMe), 59.89 (OMe), 66.17 (ArCHJ, 110.68, 118.91, 124.91, 
128.71, 146.21, 153.04, 155.83 (CO). 

1-[ [2-Bromo-4-methoxy-3-[ (N,N-dimethylcarbamoy1)- 
oxy]phenyl]methoxy]-NJV-dimethylmethanamide (2f). A 
solution in DMF (4 mL) of 2-bromo-3-hydroxy-4-methoxybenzyl 
alcohol (0.5 g, 2.14 mmol), obtained by NaBH4 reduction of the 
corresponding benzaldehyde,% was treated with NaH (0.26 g, 8.6 
"01) and NJv-dimethylcarbamoyl chloride (0.6 mL, 6.42 "01) 
as above and stirred at rt for 48 h. The product was recrystallized 
from ethel-hexane-EtOAc (0.74 g, 92%): mp 88-91 "C; IR (KBr) 
1705, 1735 cm-'; 'H NMR 6 2.91 (8, 6 H, NMe,), 3.02 and 3.16 
(s each, 6 H, NMe,), 3.82 (s,3 H, OMe), 5.15 (9, 2 H, ArCHzO), 
6.89 (d, J = 8.5 Hz, 1 H, ArH), 7.25 (d, J = 8.5 Hz, 1 H, ArH); 
13C NMR 6 35.73, 36.13, 36.36 and 36.62 (NMe,), 56.07 (OMe), 

153.12, 156.06. 
1-[ (2-Bromo-3,4,5-trimet hoxypheny1)methoxyl-N,N-di- 

methylmethanamide (2g). Obtained as an oil in quantitative 
yield IR (NaCl) 1710 cm-'; 'H NMR 6 2.94 (s,6 H, NMe,), 3.85 
(s, 3 H, OMe), 3.87 (s, 3 H, OMe), 3.89 (8, 3 H, OMe), 5.14 (8, 2 
H, ArCHJ, 6.80 (8, 1 H, Arm; '% NMR 6 35.69 and 36.19 (NMe,), 
55.89 (OMe), 60.67 (OMe), 60.75 (OMe), 66.49 (ArCH,), 108.84, 
109.63, 131.50, 142.76, 150.83, 152.50, 155.97 (Co). 
2,3,6-Trimet hoxy-lo-[ (N,N-dimet hylcarbamoy1)oxy 1- 

l0,ll-dihydrodibenz[ b,f]oxepine. The alcohol derived from 

101.71 (OCHZO), 109.71, 112.64, 113.95, 129.31, 147.26, 148.04, 

66.26 (ArCHzO), 110.66, 119.45, 127.22, 128.64, 138.51, 152.79, 

Pale0 et al. 

NaBH4 reduction of dibenzoxepinone 6aZ7 was treated with 
NJV-dimethylcarbamoyl chloride as indicated in the general 
procedure, giving the title carbamate as an oil in 89% yield IR 
(NaC1) 1710 cm-l; 'H NMR 6 2.81 and 2.95 (s each, 6 H, NMe2), 

3.4 Hz, 1 H, H-ll), 3.82 (8, 3 H, OMe), 3.87 (8, 3 H, OMe), 3.91 
(e, 3 H, OMe), 6.19 (dd, J = 8.3 and 3.4 Hz, 1 H, H-lo), 6.63 (8, 
1 H, ArH), 6.86 (8, 1 H, ArH), 6.85-6.94 (m, 2 H, ArH), 7.03 (t, 
J = 7.8 Hz, 1 H, ArH); 13C NMR 6 35.62 and 36.28 (NMe, and 
C-ll), 55.95 (OMe), 56.07 (OMe), 56.17 (OMe), 71.44 (C-lo), 
105.26,111.51,113.03,119.28,120.94,123.74,131.50,145.65,145.82, 
147.91, 150.72, 151.16, 155.82 (0). 
S-Bromo-2,3,6-trimet hoxy- lo-[ (N ,N -dimet hyl- 

carbamoyl)oxy]-l0,11-dihydrodibenz[b,f]oxepine (7a). To 
a solution of the above carbamate (0.93 g, 2.49 mmol) and an- 
hydrous NaOAc (0.31 g, 3.74 mmol) in AcOH (6 mL) was added 
dropwise a solution of Brz (0.50 g, 3.11 mmol) in 5 mL of AcOH 
contained in a pressure-compensating funnel. After being stirred 
for 8 h at  rt the mixture was poured into an aqueous solution of 
sodium metabisulfite and extracted with CHzClz (3 x 20 mL). 
The organic phase was washed with water, dried with anhydrous 
NazS04, and concentrated to dryness. The crude product was 
chromatographed on a silica gel column and crystallized from 
CHzClz-hexane (1.00 g, 88%): mp 185-189 "C; IR (KBr) 1700 
cm-'; 'H NMR 6 2.70 and 2.97 (s each,6 H, NMe,), 3.45 (m, 2 
H, H-11), 3.87 (a, 3 H, OMe), 3.90 (8, 3 H, OMe), 3.96 (8, 3 H, 
OMe), 6.20 (dd, J = 5.6 and 3.5 H, 1 H, H-lo), 6.70 (8, 1 H, ArH), 
6.83 (d, J = 8.3 Hz, 1 H, ArH), 6.86 (8,  1 H, ArH), 7.33 (d, J = 
8.6 Hz, 1 H, ArH); 13C NMR 6 33.90 (C-ll), 35.80 and 36.27 
(NMe,), 56.04 (OMe), 56.27 (kOMe), 72.82 (C-lo), 105.05,112.80, 
112.90,116.17,120.18,128.03,129.40,146.05,148.03,148.27,150.88, 
151.16, 155.78 (CO). 
3,4,6-Trimethoxy-10-[ (N,N-dimethylcarbamoy1)oxyl- 

lO,ll-dihydrodibenz[ b,f]oxepine. The alcohol obtained by 
NaBH4 reduction of dibenzoxepinone 6bZ7 was converted to ita 
corresponding carbamate, which was obtained as an oil in 96% 
yield: IR (NaCl) 1700 cm-'; lH NMR 6 2.74 and 2.94 (s each, 6 
H, NMez), 3.26 (dd, J = 14.1 and 7.9 Hz, 1 H, H-11), 3.40 (dd, 
J = 14.1 and 3.3 Hz, 1 H, H-ll) ,  3.84 (8, 3 H, OMe), 3.94 (8, 3 
H, OMe), 3.99 (8,  3 H, OMe), 6.10 (dd, J = 7.9 and 3.3 Hz, 1 H, 
H-lo), 6.64 (d, J = 8.4 Hz, 1 H, ArH), 6.82-6.93 (m, 3 H, ArH), 

36.36 (NMe,), 56.22 (2xOMe), 61.43 (OMe), 71.77 (C-lo), 108.25, 
112.03,122.12,122.79,123.74,124.25,130.83,141.17,145.87,151.37, 
151.50, 152.53, 156.01 (CO). 
1,2,9-Tribromo-3,4,6-trimethoxy- lo-[ (N,N-dimethyl- 

carbamoyl)oxy]-l0,1l-dihydrodibenz[ b foxepine (7c). The 
above carbamate (0.83 g, 2.79 mmol) and anhyd NaOAc (0.72 g, 
8.78 "01) in AcOH (10 mL) were treated with a solution of Brz 
(1.41 g, 8.82 mmol) in AcOH (10 mL). The mixture was stirred 
at rt for 40 h and worked up and the product purified by column 
chromatography on silica gel, giving 1.00 g (75%) of tribromide 
7c, which was crystallized from ether: mp 147-149 "C; IR (KBr) 
1710 cm-'; 'H NMR 6 2.60 and 2.95 (s each, 6 H, NMeJ, 3.63 (dd, 

1 H, H-ll) ,  3.90 (8, 3 H, OMe), 3.96 (8, 3 H, OMe), 3.98 (s, 3 H, 
OMe), 6.19 (dd, J = 5.8 and 2.1 Hz, 1 H, H-lo), 6.83 (d, J = 8.8 
Hz, 1 H, ArH), 7.34 ( d , J  = 8.8 Hz, 1 H,ArH);l3C NMR 6 35.34 
(C-11),35.68 and 36.47 (NMeJ, 56.30 (OMe), 61.08 (OMe), 61.83 
(OMe), 71.49 (C-lo), 113.18,116.73,117.80,121.07, 128.38,128.55, 
128.84, 129.75, 145.30, 147.30, 150.98, 151.05, 155.52 (CO). 
Preparation of Phthalides 5. General Procedure for the 

Cyclization of Carbamates 2. A solution of carbamate 2 (0.3 
"01) in 3 mL, of anhydrous THF was stirred under Ar and cooled 
in a bath at between -95 and -100 "C (liquid nitrogen/ether) and 
treated dropwise with 1.1-2.0 equiv (see Table I) of t-BuLi (1.7 
M in pentane), producing a yellowish solution which was further 
stirred for 30 min and quenched by addition of a few drops of 
anhydrous methanol. The reaction mixture was taken out of the 
cooling bath and stirred at rt. TLC showed one spot corresponding 
to the intermedite hydroxyamide 4, which after stirring for a 
further 12-36 h (see Table I) evolved to the more mobile phthalide 
5. This transformation is considerably accelerated during workup 
(evaporation of the solvent, addition of water, extraction with 
CHzClz and concentration to dryness) due to heating during 
evaporation of solvents, so in some cases good yields of phthalides 

3.21 (dd, J = 14.6 and 8.3 Hz, 1 H, H-11), 3.40 (dd, J = 14.6 and 

7.01 (t, J = 7.8 hz, 1 H, ArH); 13C NMR 6 35.47 (C-11), 35.71 and 

J = 14.5 and 2.1 Hz, 1 H, H-11), 3.84 (dd, J 14.5 and 5.8 Hz, 

(33) Toth, J. E.; Hamann, P. R.; Fuchs, P. L. J.  Org. Chem. 1988,53, 

(34) Nzu6, S. E.; Bodo, B.; Molho, D. Bull Mus. Nat. Hist. Natural 

(35) We thank one of the reviewers for suggesting this experiment. 
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New Synthesis of Phthalides J. Org. Chem., Vol. 57, No. 7, 1992 2033 

IR (KBr) 1780 cm-'; 'H NMR 6 3.12 (t, J = 11.9 Hz, 1 H), 3.53 
(dd, J = 13.3 and 3.2 Hz, 1 H), 3.89 (s,3 H, OMe), 4.01 (8, 3 H, 
OMe), 4.04 (8, 3 H, OMe), 5.44 (dd, J = 11.5 and 3.2 Hz, 1 H), 
6.69 (d, J = 8.6 Hz, 1 H, ArH), 6.91 (d, J = 8.6 Hz, 1 H, ArH), 
7.10 (d, J = 8.2 Hz, 1 H, ArH), 7.59 (d, J = 8.2 Hz, 1 H, ArH); 
13C NMR 6 39.69,56.25 (OMe), 56.83 (OMe), 61.11 (OMe), 76.09, 
107.88,113.62,115.41,118.09,120.83,126.58,137.31,138.45,140.72, 
148.43, 153.19, 153.86, 169.37 ((20). 
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were obtained by workup shortly after addition of methanol. The 
physical properties of the new phthalides, which were obtained 
in yields ranging from 78 to 94% (see Table I), are described below. 

6-(Benzyloxy )-5-met hoxyisobenzofuran- 1 (3H)-one (5c). 
Recrystallized from CHzC12-hexane: mp 144-145 "C; IR (KBr) 
1745 cm-'; 'H NMR 6 3.95 (8, 3 H, OMe), 5.16 (8, 2 H), 5.18 (8, 
2 H), 6.91 (8, 1 H, H-4), 7.31-7.45 (m, 6 H, ArH); 13C NMR 6 56.25 
(OMe), 68.98, 71.00,103.82,108.32,117.45, 127.32,128.11,128.59, 
136.00, 141.36, 149.49, 155.49, 171.25 (CO). 
5-(Benzyloxy)-6-methoxyisobenzofuran-l(3H)-one (5d). 

Recrystallized from CH2Clz-hexane: mp 139-140 "C; IR (KBr) 
1750 cm-'; 'H NMR 6 3.92 (8, 3 H, OMe), 5.15 (e, 2 H), 5.23 (8, 
2 H), 6.90 (8, 1 H, H-4),7.30-7.42 (m, 6 H, ArH); '% NMR 6 56.20 
(OMe), 69.00, 71.09,105.57, 106.57, 117.96, 127.13, 128.26,128.74, 
135.80, 140.76, 151.03, 154.01, 171.32 (CO). 

6-Methoxy-7-[ (N,N-dimethylcarbamoyl)oxy]isobenzo- 
furan-l(jH)-one (50. Recrystallized from CH2C12-hexane: mp 
112-114 "C; IR (KBr) 1730,1775 cm-'; 'H NMR 6 3.01 and 3.17 
(s,6 H, NMe2), 3.87 (e, 3 H, OMe), 5.16 (8, 2 H, H-3), 7.21 (d, J 
= 8.3 Hz, 1 H), 7.27 (d, J = 8.3 Hz, 1 H); 13C NMR 6 36.68 (broad, 
NMe2), 56.88 (OMe), 68.49 (C-3), 119.21, 119.49, 119.62, 138.56, 
138.76, 152.45, 153.70, 167.96. 

Phthalide 8a. A THF solution of bromide 7a (0.67 g, 1.49 
mmol) was cooled to -90 "C and treated dropwise with t-BuLi 
(1 mL, 1.64 "01). Workup as before gave essentially pure lactone 
8a (92% yield), which was further purified by crystallization from 
CH2C12-hexane: mp 219-221 "C; IR (KBr) 1750 cm-'; 'H NMR 
6 3.10 (dd, J = 13.3 and 11.3 Hz, 1 H), 3.46 (dd, J = 13.3 and 3.3 
Hz, 1 H), 3.87 (s,3 H, OMe), 3.88 (s,3 H, OMe), 4.01 (s, 3 H, OMe), 
5.44 (dd, J = 11.3 and 3.3 Hz, 1 H), 6.62 (s, 1 H, ArH), 6.82 (s, 
1 H, ArH), 7.07 (d, J = 8.2 Hz, 1 H, ArH), 7.56 (d, J = 8.2 Hz, 
1 H, ArH); 13C NMR 6 39.48, 56.02 (OMe), 56.24 (OMe), 56.65 
(OMe), 76.00,105.37,112.14,113.14,114.53,118.16,120.41,136.78, 
138.68, 145.25, 147.59, 148.98, 153.26, 169.37 (CO). 

Phthalide 8b. A solution of carbamate 7c (50 mg, 0.08 "01) 
in 5 mL of THF was cooled to -90 "C, and 0.2 mL of t-BuLi (0.32 
mmol) was added. After solution was warmed to -70 "C for 10 
min, a few drops of MeOH were added. Workup and purification 
by column chromatography on silica gel gave 20 mg of 8b (77%), 
which was recrystallized from CH2Cl2-hexane: mp 131-135 "C; 


