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dialkoxy-A3-1,3,4-oxadiazoline<2] as a mild alternative method
into these species.

Vinyl isocyanates have recently been shown to be versatile
“1,4-dipole” equivalents in various [2+ 4] and [1 + 4]
cyclization protocol$,and it was envisioned that dimethoxy-

o
o J\(SMe o}
OMe N N
:< — OMe —> |l OMe
OMe \ OMe
So-called nucleophilic carbenes are intriguing reactive inter-

mediates that have attracted considerable attention in recentcarbene, in combination with these substrates, could provide a
years due, in large measure, to their unusual reaction charachew method for rapidly accessing highly functionalized pyr-
teristics, which have been attributed to resonance stabilizationrolinone derivatives. To date, however, all reported reactions
of the singlet state by donor substituehtd.is noteworthy that, between nucleophilic carbenes and isocyanates have afforded
in spite of their attractive reactivity profiles, these species have only hydantoin-type products that have been produced by the
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rarely been employed in synthetic applicatiénsn this paper

addition of two isocyanate molecules to one equivalent of

we report a novel reaction pathway between dimethoxycarbenecarbené:”

and isocyanates that efficiently delivers structurally elaborate

hydroindolone products.

The [1 + n] cycloaddition represents an appealing method
for ring construction that has been effectively deployed in a
number of context$,and dimethoxycarbenel), a typical
nucleophilic carben# offers the potential for serving as a novel

example of a carbonyl 1,1-dipole equivalent, which are currently

relatively rare species? Typically these reactive intermediates

MeO, - (+n] 7N
: — 1C=0 ©)n +#C=0 — (Q), Cc=0
MeO A

1

MeO OMe
(0]
MeO_ oMe N
NXO xylene R
+
N reflux ~ 3a, R=CH(OMe), (80%)
neo A o
2 + (1)
MeO (o)
MeO
Cy=cyclohexenyl Cy/NYN\Cy
(@]
4 (trace)

have been generated by thermolysis of norbornadienone &cetals \We now report that vinyl isocyanates react with dimethoxy-

or by photolysis/thermolysis of dimethoxydiazirin€$. More
recently, Warkentin has introduced the thermolysis of 2,2-

(1) () Pole, D. L.; Sharma, P. K.; Warkentin,Jan. J. Chem1996
74, 1335. (b) de Meijere, A.; Kozhushkov, S. I.; Yufit, D. S.; Boese, R.;
Haumann, T.; Pole, D. L.; Sharma, P. K.; Warkentinjustus Liebigs Ann.
Chem.1996 601. (c) Pole, D. L.; Warkentin, Justus Liebigs Ann. Chem.
1995 1907. (d) Arduengo, A. J., lll; Dias, H. V. R.; Dixon, D. A.; Harlow,
R. L.; Klooster, W. T.; Koetzle, T. FJ. Am. Chem. S0d994 116, 6812.
(e) Win, W. W.; Kao, M.; Eiermann, M.; McNamara, J. J.; Wudl, F.; Pole,
D. L.; Kassam, K.; Warkentin, J. Org. Chem1994 59, 5871. (f) Moss,
R. A. Acc. Chem. Resl989 22, 15. (g) Moss, R. A.; Wlostowski, M.;
Shen, S.; Krogh-Jespersen, K.; Matro, A.Am. Chem. Sod 988 110,
4443.

carbene through an entirely different reaction channel to afford
2:1 adducts in which one isocyanate combines with two carbene
units in a carbocyclization event. Thus heating 1-isocyanato-
cyclohexene with excess carbene precurgof3 equiv) in
refluxing xylene afforded functionalized hydroindolo8e® in
good yield accompanied by only a trace of the dimethoxyhy-
dantoin(4). The presence of the nitrogen substituen8anis
noteworthy. Itis presumed that addition of the second equiva-
lent of carbene occursia a fast NH insertion subsequent to
ring formation, since the 1:1 addugb® can be isolated in low
yield when only a stoichiometric amount @fis employed in

(2) For some recent examples, see: (a) Pearson, W. H.; Bergmeier, S.the reaction.

C.; Degan, S.; Lin, K.-C.; Poon, Y.-F.; Schkeryantz, J. M.; Williams, J. P.
J. Org. Chem199Q 55, 5719. (b) Padwa, A.; Norman, B. Hetrahedron
Lett. 1988 29, 3041. (c) Bakvall, J. E.; Renko, Z. D.; Bystro, S. E.Ibid.
1987, 28, 4199. (d) Pearson, W. H.; Celebuski, J. E.; Poon, Y.-F.; Dixon,
B. R.; Glans, J. Hlbid. 1986 27, 6301.

(3) For examples of other 1,1-dipole equivalents, see: (a) (Sulfur ylides)
Trost, B. M.; Melvin, L. S.Sulfur Ylides, Emerging Synthetic Intermediates
Academic Press: New York, 1975. (b) (Alkylidene carbenes) Krageloh,
K.; Anderson, G. H.; Stang, P. J. Am. Chem. S0d.984 106, 6015. (c)
(Carbon monoxide) Sigman, M. S.; Kerr, C. E.; Eaton, BJEAm. Chem.
So0c.1993 115, 7545. (d) Ryu, I.; Sonoda, N.; Curran, D. @hem. Re.
1996 96, 177. (e) Ryu, I.; Sonoda, Mingew. Chem., Int. Ed. Endl996
35, 1050.

(4) Isocyanides are also useful 1,1-dipole equivalents: (a) Rigby, J. H.;
Qabar, M.J. Am. Chem. S0d.991, 113 8975. (b) Curran, D. P.; Liu, H.
Ibid. 1991, 113 2127. (c) Morel, G.; Marchand, E.; Foucaud, A.; Toupet,
L. J. Org. Chem199Q 55, 1721. (d) VanWagenen, B. C.; Cardellina, J. H.
Tetrahedron Lett1989 30, 3605. (e) Morel, G.; Marchand, E.; Foucaud,
A.; Toupet, L.J. Org. Chem1989 54, 1185. (f) Westling, M.; Livinghouse,

T. J. Am. Chem. Socl987 109, 590. (g) Westling, M.; Smith, R;
Livinghouse, T.J. Org. Chem1986 51, 1159.

(5) (a) Hoffmann, R. W.; Steinbach, K.; Dittrich, BEhem. Ber1973
106 2174. (b) Hoffmann, R. WAngew. Chem., Int. Ed. Engl971, 10,
529. (c) Lemal, D. M.; Gosselink, E. P.; McGregor, S. D.Am. Chem.
Soc.1966 88, 582.

(6) (a) Ge, C.-S.; Jefferson, E. A.; Moss, R. Petrahedron Lett1993
34, 7549. (b) Moss, R. A.; Shen, S.; Wlostowski, Mid. 1988 29,6417.

(c) Moss, R. A,; Fan, H.; Hadel, L. M.; Shen, S.; Wlostowska, J.;
Wilostowski, M.; Krogh-Jespersen, Kbid. 1987, 28, 4779.

Structurally elaborate vinyl isocyanates have been found to
be useful reaction partners in this new{14] process. For
example, substituted systems suctbamnd7 afford quite good
yields of hydroindolone product§ and 8, respectively. The
results in eq 3 are particularly noteworthy in that the Curtius
rearrangement of the acyl azide intermediate as well as the
cycloaddition can be performed in one operation by directly
heating a mixture of acyl azidéand carbene precurs@r The
successful reaction of acyl azidé also demonstrates that
guaternary carbon centers can be generated with facility using
this methodology. Acyclic isocyanates are also viable partners
in this reaction process (eq 4). From these results, it is clear
that the cyclization of dimethoxycarbene and vinyl isocyanates

(7) (a) Couture, P.; Terlouw, J. K.; Warkentin, J. Am. Chem. Soc.
1996 118,4214. (b) Kassam, K.; Pole, D. L.; El-Saidi, M.; Warkentin, J.
Ibid. 1994 116 1161. (c) El-Saidi, M.; Kassam, K.; Pole, D. L.; Tadey,
T.; Warkentin, Jibid. 1992 114, 8751.

(8) (a) Righy, J. H.; Qabar, M.; Ahmed, G.; Hughes, RT&trahedron
1993 49, 10219. (b) Rigby, J. H.; Qabar, M. Org. Chem1989 54, 5852.
(c) Rigby, J. H.; Holsworth, D. D.; James, Kbid. 1989 54, 4019. (d)
Rigby, J. H.; Balasubramanian, Mid. 1989 54, 224.

(9) This compound exhibited spectrdH( NMR, 13C NMR, IR, MS)
and analytical (combustion analysis and/or HRMS) data in complete accord
with the assigned structure.
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is a general process with significant potential for organic
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synthesis applications. 2) DPPA, TEA °0 — ©§OH
3) 2, heat {/O N Meo™ g N
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CESEO coupling? between the readily available vinyl triflafiés (from
o N‘H the corresponding-ketoeste®® ) and the arylstannarie® (from
NS Me lene ) s the known bromid ) afforded estet.7° in high yield. Routine
O\ NP —_— 12 (19%) ©) ester saponification and Curtius rearrangement of the corre-
NCo reflux + Ne_~on sponding acyl azide gave the vinyl isocyanate intermediate,
1 = which upon heating in the presence of excess oxadiaz@line
N °© afforded the hydroindolon8® in 45% overall yield (58% for
H the cycloaddition step). It is noteworthy that efforts to effect a

similar transformation using a wide range of insertion reactions,
including isocyanide cyclizatiof?, failed, demonstrating that
dimethoxycarbene-based {14] cyclization is an advance over
Interestingly, the mixed N/O-substituted carbene species existing technology in this area. With compoub@in hand,

derived from oxadiazolind12 initially provided a complex routes to a number of alkaloid targets can be envisioned, and
mixture of products when heated for an extended period at 100these are being pursued at this time.
°C with the parent cyclohexenyl isocyanate in toluene. HOw-  acknowledgment. The authors thank the National Science Founda-
ever, performing the same reaction in refluxing xylene resulted tjon for their generous support of this work.
in a mixture of products from which hydroindolong8and13 . . . . . .

Supporting Information Available: Typical experimental proce-

could be isolated in modest yields (.eq 5). Itis noteworthy that y,e5"and complete spectroscopic data for all new compounds (12
both of thesg a‘}ldUCtS arise from 1:1 ad.dltlon processes. Thispages). See any current masthead page for ordering and Internet access
observation is in contrast to the reaction pathway typically instructions.

followed by dimethoxycarbene as described above. JAQ62784F

The synthetic utility of the hydroindolones isolated from these ™16 Hendrickson, J. B.; Bogard, T. L.; Fisch, M. E.Am. Chem.
reactions is critically dependent on the ability to selectively Soc.1977 92, 5538. (b) Tsuda, Y.; Ukai, A.; Isobe, Rietrahedron Lett.

manipulate one of the two quite similar dimethoxy acetal kfoghlé%ﬁgégg%agggeg% S(-(j)’\/'kcgglsiﬁ ;n M'Vlli”ﬁ/ln; %Vgrifgrﬁn”ll_v"\é

functions present in the products. Preferential removal of the T,an "\ D! Ibid. 1990 112 6959. (e) Pearson, W. H.; Postich, M.1J.

nitrogen substitution without jeopardizing the protected isatin- Org. Chem.1994 59, 5662.

i i i i i i (11) Stevens, R. V. IThe Total Synthesis of Natural Productgsimon,

I|ki.cark(Jjo_nth.fui?ct.lolr(lj is part;pulgr!y desgrable. This can be 3. Ed" Wiley: New York. 1977: Vol. 3. pp 4453,

achieved in high yield as outlined in eq 6. (12) (a) Stille, J. K.Angew. Chem., Int. Ed. Engl986 25, 508. (b)
To illustrate the utility of dimethoxycarbene-based-{14] Farina, V.; Roth, G. PTetrahedron Lett1991, 32 4243.

cyclization in complex synthesis, rapid entry has been achieved 8433 Rariza, R. 2. Kuo, F.; Fuchs, P Synth. Commuri 983 13, 243,
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