
J. Org. Chem. 1992,57,1637-1639 1637 

mainly because of the observation that tetrazoles are 
common byproducts of the Schmidt reaction (resulting 
from the reaction of c with another molecule of hydrazoic 
acid), but also because azides did not react under condi- 
tions similar to those employing hydrazoic acid.2 Thus, 
it was hypothesized that path B had to be operative be- 
cause the formation of b was not possible when R # H. 
Reactions in which tetrazoles are not observed may be 
explained by invoking path A; for example, regiochemical 
differences,&lo the dependence of products obtained under 
conditions of varying acid strength? and the obtention of 
amides from reactions of alkyl azides with benzaldehyde 
but not with various ketones2cJ1 have been explained by 

(9) (a) Fikes, L. E.; Shechter, H. Tetrahedron Lett. 1976,2525-2528. 
(b) Fikes, L. E.; Shechter, H. J. Org. Chem. 1979,44, 741. 

(10) Di Maio, G.; Permutti, V. Tetrahedron 1966,22, 2059-2067. 
(11) Several papere describing rearrangements arising from Schmidt- 

type intermediates in the reactions of ketones and alkyl azides were 
published (a) Boyer, J. H.; Morgan, L. R., Jr. J .  Am. Chem. SOC. 1968, 
80, 2020-2021. (b) Boyer, J. H.; Morgan, L. R., Jr. J. Am. Chem. SOC. 
1959,81, 3369-3372. (c) Boyer, J. H.; Morgan, L. R., Jr. J. Org. Chem. 
1969, 24, 561-562. However, see: (d) Boyer, J. H.; Krueger, W. E.; 
Modler, R. J. Org. Chem. 1969,34,1987-1989 for a cautionary note. We 
thank Dr. Evan Kyba for bringing this reference to our attention. 

invoking changes in mechanism. Our previous paper7 and 
the present disclosure show unambiguously that inter- 
mediates similar to a (R = alkyl) can directly rearrange 
via path A to the corresponding amide under appropriate 
conditions. 

In conclusion, we have shown that some ketones undergo 
TiC14-catal@ Schmidt reactions with alkyl azides to give 
N-substituted lactams in synthetically useful yields. 
Furthermore, we have demonstrated that, in some cases, 
the Schmidt reaction of simple ketones can proceed by 
direct rearrangement of an azidohydrin intermediate. 
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Summary: An enantiodifferentiating transformation of 
1,3-alkanediols by kinetic acetalization with menthone is 
developed and used in a highly convergent asymmetric 
synthesis of the C(19)-C(27) segment of the ansa chain of 
rifamycin S. 

Rifamycin S (1) is a well-known member of the an- 
samycin antibiotic group.' Following the landmark total 

OH 6 

1 

syntheeis reported by Kishi and co-workers in 1980: much 
effort has been directed toward the synthesis of the ste- 
reochemically rich ansa chain and, thereby, toward the 

(1) (a) Rmehart, K. L., Jr.; Shield, L. S. In Progress in the Chemistry 
of Organic Natural Products; Hertz, W., Grisebach, H., Kirby, G. M., 
Eds.; Springer-Verlag: New York, 1976; Vol. 33, p 231. (b) Wehrli, W. 
Top. Curr. Chem. 1977, 72, 22. (c) Brufani, M. Topics in Antibiotic 
Chemistry; Sammes, P. G.,  Ed.; Wiley: New York, 1977; Vol. 1, p 91. 

(2) (a) Nagaoka, H.; Rutsch, W.; Schmid, G.; Iio, H.; Johnson, M. R.; 
Kishi, Y. J. Am. Chem. SOC. 1980, 102, 7962. (b) Kishi, Y. Pure Appl. 
Chem. 1981,53,1163. (c) Nagaoka, H.; Kishi, Y. Tetrahedron 1981,37, 
3873. 
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development of effective means of controlling contiguous 
stereogenic centers.b4 We report here a highly convergent 
asymmetric synthesis of the C(19)-C(27) segment 13 that 
utilizes two-direction chain synthesis5 (Scheme I). Crucial 
terminus differentiation of u-symmetric intermediate 8 was 
enantioselectively achieved by using a novel, kinetic ace- 
talization with d-menthone. 

The symmetric sequence of seven contiguous stereogenic 
centers in the C(19)-C(27) segment was constructed effi- 
ciently in three steps from dialkenyl carbinol derivative 
2. Double hydroboration of 2 with 9-BBN furnished diol 
3 with high stereoselectivity (anti,anti:anti,syn = 13:1).6 
Swern oxidation7 of 3 afforded the corresponding di- 

~ ~~ ~~ 

(3) (a) Corey, E. J.; Haw, T. Tetrahedron Lett. 1979,335. (b) Nakata, 
M.; Takao, H.; Ikeyama, Y.; Sakai, T.; Tateuta, K.; Kmwhita, M. Bull. 
Chem. SOC. Jpn. 1981,54,1749. (c) Maeamune, 5.; Imperiali, B.; Garvey, 
D. S. J .  Am. Chem. SOC. 1982, 104, 5528. (d) Nakata, M.; Enari, H.; 
Kinoehita, M. Bull. Chem, SOC. Jpn. 1982, 55, 3283. (e) Still, W. C.; 
Barrish, J. C. J.  Am. Chem. SOC. 1983,105, 2487. (f) Fraser-Reid, B.; 
Magdzinski, L.; Molino, B. Zbid. 1984, 106, 731. (g) Haneseian, S.; 
Pougney, J.-R.; Boeaeenkool, I. K. Tetrahedron 1984,40,1289. (h) Rama 
Rao, A. V.; Yadav, J. S.; Vidyasagar, V. J.  Chem. SOC., Chem. Commun. 
1986,55. (i) Tschamber, T.; Waespe-Sarcevic, N.; Tamm, C. Helu. Chim. 
Acta 1986,69,621. (i) Danishefsky, S. J.; Myles, D. C.; Harvey, D. F. J. 
Am. Chem. SOC. 1987,109,882. (k) Ziegler, F. E.; Cain, W. T.; Kneisley, 
A.; Stirchak, E. P.; Wester, R. T. Ibid. 1988,110,5442. (1) Patereon, I.; 
McClure, C. K.; Schumann, R. C. Tetrahedron. Lett. 1989,30,1293. (m) 
Roush, W. R.; Palkowitz, A. D.; Anodo, K. J. Am. Chem. SOC. 1990,112, 
6348. 

(4) Hoffman, R. W. Angew. Chem., Znt. Ed. Engl. 1987, 26, 489. 
(5) (a) Schreiber, S. L. Chem. Scr. 1987,27,563. (b) Nakatauka, M.; 

Ragan, J. A,; Sammakia, T.; Smith, D. B.; Uehling, D. E.; Schreiber, S. 
L. J. Am. Chem. SOC. 1990,112,5583. 
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Table I. Stereoselective Acetalization of 14a with Menthonea 
entry substrateb menthoneb acidb solvent time (h) 15a:16ac yield (%) 

1 bis-TMS of l4a (1.0) dl- (2.0) TMSOTf (0.2) CHzClz 18 15.4 99 
2 bis-TMS of 14a (1.0) dl- (2.0) TMSOTf (0.2) CH2C12 2 1A.6 20 

4d 14a (2.0) 1- (1.0) TfOH (0.4) CH2C12 5 2.41 59 
3 14a (2.0) 1- (1.0) TfOH (0.4) CH2C12 2 3.51 16 

5e bis-TMS of l4a (2.0) 1- (1.0) TfOH (0.2) CHZCl2 2.5 6.6:l 63 
6e bis-TMS of 14a (2.0) 1- (1.0) TfOH (0.2) THF 1.5 1 0 1  88 
7 14a (1.0) 17 (1.0) TfOH (0.1) THF 1.5 9.3:l 51 

'All reactions were performed at -40 OC under argon atmosphere. bThe value in parentheses indicates the equivalent of a reagent (or 
substrate). 'Determined by capillary GC analysis (30 m, PEG-2OM). d4A Sieves were added. 'After treatment of the bis-TMS ether with 
0.5 equiv of H20 in the presence of TfOH at 0 OC for 2 h, 1-menthone was added to the resulting mixture a t  -40 OC. 
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"(a) 9-BBN (3.0 equiv), THF, -85 to 0 "C; NaOOH (anti,anti: 
anti,ayn = 131, 93%); (b) oxalyl chloride, DMSO, Et3N, CH2C12; 
(c) pinacol (E)-crotylboronate (6 equiv), 4A sieves, 40 OC, 25 h, and 
then 100 OC, 3.5 days (5; 53% (overall yield from 3), Stereoisomers 
of 5; 7%, and 6; 8%); (d) ozone, MeOH; Me2S; NaBH, (79%); (e) 
Me2C(OMe)2, CSA; (f) n-Bu,NF, THF (79% in two steps); (9) 
BnBr, NaH, THF-DMF (99%); (h) aq HOAc (80%); (i) d- 
menthone enol TMS ether (2.0 equiv), TfOH (0.2 equiv), THF, -40 
"C, 2 h (9 + 10, 4.51, 61%; 11, 12%; 8, 10%); 6) TBDPSCl (3 
equiv), imidazole (3 equiv), DMF (68%); (k) CHCl, saturated with 
9 N HC1, rt (85%); (1) Pd/C (lo%), H2, EtOH; (73%); (m) e and 
then f (63% in two steps). 

aldehyde as ita cyclic hydrate 4, whose 'H-NMR spectrum 
(CDC1,) revealed that the hydrate is in equilibrium with 
the dialdehyde in solution. The remaining four stereogenic 
centers were convergently introduced by double crotyl- 
boratiod of the dialdehyde. Reaction of 4 with achiral 

(7) Mancueo, A.; Huang, S.-L.; Swem, D. J. Or#. Chem. 1978,43,2480. 
(8) For leading references see: (a) Roush, W. R.; Ando, K.; Powers, 

D. B.; Palkowitz, A. D.; Halterman, R. L. J. Am. Chem. SOC. 1990,112, 
6339. (b) Brown, H. C.; Fkheria, U. S.; Pellechia, P. J. J.  Org. Chem. 1990, 
55, 1868. 

pinacol (El-crotylboronate (6 equiv) (developed by Roushg) 
in the presence of 4A sieves gave bis-adduct 51° (53%) as 
a pure crystalline solid (mp 81 "C) together with the ste- 
reoisomers of 5 (7%) and monoadduct 6 (8%). Ozonolysis 
of 5 followed by N&H4 reduction yielded tetrol7. In order 
to avoid the participation of the TBSO group in subse- 
quent enantiodifferentiating transformations," 7 was 
converted into benzyl derivative 8 in 4 steps.12 

We recently disclosed that acetalization of racemic 
1,3-alkanediols rac- 14 with 1-menthone proceeds stereo- 
selectively at  the resulting dioxy carbon to give, from 
among four possible diastereomers, 15 (derived from 14) 
and 16 (derived from ent-14) in a 1:l ratio.13,14 So, the 
crucial enantiodifferentiating transformation of tetra018 
would be achievable if there were a significant difference 
in rate of the acetalization with menthone between the 
terminal (21s)- and (25R)-1,3-diol moieties in 8. The 
potential of the kinetic enantiodifferentiation was exam- 
ined in a model study of the racemic diol 14a (Rl, R2 = 
-(CH2)5-, R3 = Me) (Table I). 

Reaction of the bis-TMS ether of rac-14a with dl- 
menthone, catalyzed by trimethylsilyl trifluoromethane- 
sulfonate (TMSOTf),14 yielded an equilibrium mixture of 
15a and 16a in which the thermodynamically more stable 
acetal 16a predominated (entry l).15 No selectivity was 
observed in the early, kinetic phase of the reaction (entry 
2). In contrast, triflic acid-catalyzed condensation of diol 
rac-l4a with 1-menthone resulted in the preferential for- 
mation of 15a though the reaction did not go to completion 
(entry 3). Addition of 4A sieves improved the yield but 
lowered the selectivity for the kinetic product 15a, prob- 
ably due to the competing isomerization to the thermo- 
dynamic product 16a (entry 4). Partial hydrolysis of the 
bis-TMS derivative with 0.5 equiv of H20 in the presence 
of triflic acid, followed by treatment of the resulting 
mixture16 with 1-menthone, leads to a smooth acetaliition 
to afford 15a with high stereoselectivity (entries 5 and 6). 

(9) Roush, W. R.; Adam, M. A.; Walk, A. E.; Harris, D. J. J. Am. 
Chem. SOC. 1986, 108, 3422. 

(10) The spectroscopic properties ('H NMR, IR, maas spectrum, 
and/or HRMS) of all new compounds are fully consistent with the aa- 
signed structures. 

(11) TMSOTf-catalyzed acetalization of tetrakis-TMS ether of 7 with 
I-menthone (CH2ClZ, -10 OC, 48 h, and then aqueous NaOH/EtOH, rt) 
resulted in selective formation (4.01) of the corresponding 21,23-(or 
23,25-)menthonide in 53% yield whose absolute configuration waa not 
determined. 

(12) Benzyl ether 8 can ala0 be prepared from the benzyl analogue of 
2 by a reaction sequence similar to that for TBS ether 7 (Le., a, b, c, and 
d in Scheme I). This route was less satisfactory for a multigram-scale 
synthesis because of difficulties in separation of stereoisomers produced 
in the hydroboration and crotylboration. 

(13) Harada, T.; Kurokawa, H.; Kagamihara, Y., Tanaka, S.; Inoue, A.; 
Oku, A. J. Org. Chem., in press. 

(14) Tsunoda, T.; Suzuki, M.; Noyori, R. Tetrahedron Lett. 1980,21, 
1357. 

(15) Harada, T.; Wada, I.; Uchimura, J.; Inoue, A,; Tanaka, S.; Oku, 
A. Tetrahedron Lett. 1991,32,1219. 

(16) The mixture contains the mono-TMS ethers (secondary/primary 
OH (lO:l)), bis-TMS ether, and diol in a ratio of 7811:ll (entry 5). 
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More conveniently, kinetic acetalization was accomplished 
by treating the diol with I-menthone enol silyl ether (17) 
in the presence of triflic acid in THF (entry 7)." For- 
mation of (TMS)20 may account for the facile, kinetic 
acetalization under these conditions. 

The enantiodifferentiating transformation of meso-tetrol 
8 was achieved successfully by employing the kinetic 
acetaliation with d-menthone.'* Treatment of 8 with 2 

equiv of d-menthone enol TMS ether in the presence of 
TfOH (0.2 equiv) in THF at  -40 "C for 2 h afforded a 4.51 
mixture 9f menthonides 9 and 10 (61%) together with 
bis-menthonide 11 (12%) and recovered tetrol (10%).19 
Conversion of the mixture of 9 and 10 to the bis-TMS 
derivatives followed by separation by flash chromatogra- 
phy and subsequent desilylation gave pure 9 (mp 12S131 
"C) (72%)' 

Selective protection of the primary hydroxy group of 9 
as the TBDPS ether and subsequent hydrolysis of the 
menthonide gave triol 12. Finally, debenzylation followed 
by protection of the tetrol as its bis-acetonide and subse- 
quent desilylation afforded 13 ([.IDz5 -5.07O (c 1.10, 
CHCl,), >95% ee20), an intermediate in Kishi's synthesis 
of rifamycin S which had 'H-NMR and specific rotation 
data in agreement with those reported p r e v i o ~ s l y . ~ ~ ~ ~ ~ J  

The studies reported herein not only serve as an illus- 
tration of the potential of the two-directional chain syn- 
thesis but also provide a new method for the enantiodif- 
ferentiating transformation of l,3-polyols utilizing kinet- 
ically controlled acetalization with menthone. 

Acknowledgment. This work was supported partially 
by Grant-in-Aid on Priority Areas from Japan Ministry 
of Education, Science, and Culture (No. 01649510). 

Supplementary Material Available: Experimental details 
and spectral data for 4, 5, 7, 8, 9, 12, and 13 (9 pages). This 
material is contained in many libraries on microfiche, immediately 
follows this article in the microfilm version of the journal, and 
can be ordered from the ACS; see any current masthead page for 
ordering information. 

(17) In this reaction, (R)-14a of 70% ee was recovered in 44% yield. 
(18) Acetalization of tetrakis-TMS ether of 8 with l-menthone under 

thermodynamic conditions (TMSOTf (0.3 equiv), toluene, -30 "C, 7 days) 
afforded a 53% yield of 9 and 10 in a 2.01 ratio. 

(19) Higher selectivity (6.51) for 9 was observed in the lower conver- 

(20) The value was determined by 'H NMR analysis of (+)-MTPA 
sion (51%) of 8. 

ester of 13. 

Transmission of Recognition Information to Other Sites in a Molecule: Proximity of Two 
Remote Sites in the Spirobenzopyran by Recognition of Alkali-Metal Cations 

Masahiko Inouye,* Masaru Ueno, and Teijiro Kitao 
Department of Applied Chemistry, University of Osaka Prefecture, Sakai, Osaka 591, Japan 

Received January 2, 1992 

Summary: A new spirobenzopyran was synthesized, in 
which recognition of alkali-metal cations induced a 
structural change in the molecule accompanying coloration 
that resulted in a proximity of two remote sites in the 
molecule. 

We report an advanced artificial receptor in which 
recognition induces a structural change in the molecule 
accompanying coloration that results in a proximity of two 
remote sites in the molecules. Transmission of recognition 
information to other sites in the molecules is crucial in 
many biological systems,l such as enzyme and nervous 

(1) For reviews: Williams, R. J. P. Chem. SOC. Rev. 1980, 281-364. 
Fersht, A. In Enzyme Structure and Mechanism, 2nd ed.; W. H. Free- 
man: New York, 1985; pp 263-291. Alberts, B.; Bray, D.; Lewis, J.; Raff, 
M.; Roberts, K.; Wateon, J. D. In Molecular Biology of the Cell, 2nd ed.; 
Garland Publishing: New York, 1989; Chapters 12 and 19. 
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systems, so that mimic of the process using simple and 
artificial molecules may be a worthwhile subject in ita own 
right. 
Our strategy utilizes the fact that isomerization of the 

spirobenzopyrans possessing a monoaza-crown ring as a 
recognition site to the open colored merocyanines is in- 
duced by recognition of alkali-metal cations.2 We ex- 
pected that the isomerization of a rationally designed new 
spirobeMopyran (la) possessing a monoaza-crown ether, 
propynyl, and indane groups might have propynyl-Me 
groups approach the ?r-electrons of the indane-benzene 
ring, and any change in the microscopic environment of 
the Me groups could be easily detected by NMR (Scheme 
I). This new type of receptor is different from the artificial 

(2) Inouye, M.; Ueno, M.; Kitao, T.; Tsuchiya, K. J. Am. Chem. SOC. 
1990,112,8977-8979. Inouye, M.; Ueno, M.; Tsuchiya, K.; Nakayama, 
N.; Konishi, T.; Kitao, T. Zbid., submitted for publication. 
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