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Shiratori, Y. Kato, H. Ihara, and K. Fukomoto, J. Org. Chem., 42, 2672 
(1977). 

(13) J. A. Marshall and A. R. Hochstetler, J. Am. Chem. Soc, 91, 648 
(1969). 

(14) Control of the trans geometry is often lacking in eudesmane synthesis owing 
to the very small energy difference between cis and trans In this series.1" 
The only really successful control of trans ring geometry is seen in routes 
involving Birch reduction.5 

(15) A. Ross, P. A. Smith, and J. L. Coke, J. Org. Chem., 26, 2096 (1961). 
(16) IR (film) 3330 cm - 1 ; NMR (CDCI3) i 6.38 (1 H, dd, J = 10 Hz, J = 17.5 Hz), 

5.5 (1 H, t, J = 8 Hz), 4.7-5.25 (4 H, m), 3.65 (1 H, m), 1.95-2.22 (4 H, m), 
1.5-1.8 (9 H, m). 

(17) IR (KBr) 3250 cm - 1 ; NMR (CDCI3) <5 5.3(1 H, br s), 4.14 (1 H, m), 1.57(3 
H, s), 1.14-2.45 (12 H, m), 0.80 (3 H, s). 

(18) IR (film)3360 cm - 1 ; NMR (CDCI3) 6 5.32(1 H, br s), 3.59 (1 H, m), 1.60(3 
H,s), 1.70-2.05 (12 H, m), 0.82 (3 H, s). 

(19) Compound 6 could not be isolated in pure form; however, its presence was 
inferred by the angular methyl at <5 0.91 and -CH-O at 3.80 in the NMR 
spectrum of mixtures. 
IR (film) 1720 cm - 1 ; NMR (CDCI3) 5 5.40 (1 H, br s), 1.85-2.70 (8 H, m), 
1.1-2.7 (6 H, m), 1.10 (3 H,s). 
G. H. Posner, G. L. Loomis, and H. S. Sawaya, Tetrahedron Lett., 1373 
(1975). 

(22) Synthetic 1 possessed IR, NMR, and mass spectra identical with those of 
the natural material.2 

(23) The X-ray structure of a cis-fused terpenoid iii related to 7 has been re-

(20) 

(21) 

" ' ( R = P - B R O M O B E N Z O A T E ) 

ported: G. Saucy, R. E. Ireland, J. Bordner, and R. E. Dickerson, J. Org. 
Chem., 36, 1195 (1971). The proximity (3.49 A) of the vinylic methyl to C-7 
can be clearly seen in the stereopair (Figure 1) in that paper, even though 
the A ring exists as a half-chair in the crystal structure, while the Diels-Alder 
transition state is a boat. Flipping from a boat to a half-chair greatly relieves 
the nonbonded interaction in question (3.5 A vs. 3.0 A in models). 

(24) Indirect evidence for transition states 7 and 8 is available from consideration 
of two points. First, the ratios of equatorial to axial alcohols 3c/3b and 3f/3e 
are 1.4:1 and 1.6:1, respectively. These ratios are about what are expected 
(based on known A values) for a transition state in which ring B is chair-like. 
Second, the lack of any detectable axial cis-fused alcohol is consistent 
with transition state 7 in which such an axial substituent would produce 
even more severe nonbonded interactions. 
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Use of Intramolecular [3 + 2] Cycloaddition 
Reactions in the Synthesis of Natural Products. 
A Stereospecific Synthesis of (±)-Biotin 
from Cycloheptene 

Sir: 

Reactions generally classified as 1,3-dipolar cycloadditions 
have been extensively employed in the synthesis of a diverse 
array of heterocyclic compounds.' However, this reaction mode 
has been alloted a more limited role in the preparation of 
natural products.2 This is surprising since the cycloadditions 
are not only ring-forming reactions but also proceed with a high 
degree of stereoselectivity.3 

We have utilized an intramolecular [3 + 2] cycloaddition 
reaction of an olefinic nitrile oxide in the stereospecific syn­
thesis of the key amino alcohol 1, which was converted in five 
subsequent steps to (±)-biotin (2).4 

NO2 

QxO 
9 

N O1 

vs--*s— 

IO 

-K) 
i 
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NaOEt/EtOH, reflux, 15 min. d: NO2CH2CH2OAc, EtOH, 0 0C, 3 h. e: PhNCO, 
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Ally lie bromination of cycloheptene 3 with NBS5 and sub­
sequent treatment of the 3-bromo product 46 with thiolacetic 
acid yielded the desired thiol ester 5, bp 64-65 0C (0.25 mm) 
(Scheme I), serving to introduce the requisite sulfur atom at 
an early stage. The mercaptide 6, generated in situ with 
ethanolic sodium ethoxide, was treated with 1 equiv of 1-
nitro-2-acetoxyethane,7 a process which presumably generated 
nitroethylene and the mercaptan 7. These intermediates then 
underwent a Michael reaction to afford the nitro olefin 8 (IR 
1640(C=C), 1555,1378 cm-'(NO2); m/e 201 (M+) in vir­
tually quantitative yield. Treatment of this nitro compound 
with phenyl isocyanate led directly to the novel tricyclic adduct 
10(IR 1717 cm-' (C=N), m/e 183 (M+)) obtained stereo-
specifically in high yield as a colorless oil. This result implicates 
the intermediacy of an intramolecular [3 H- 2] cycloaddition 
of the nitrile oxide 9. Although only two of the three ultimate 
stereocenters of biotin were created in this step, the third was 
stereospecifically introduced in the desired cis configuration 
by LiAlH4. This reagent not only cleaved the N-O bond of the 
tricyclic adduct 10 but also reduced the imino functionality. 
Hydride delivery occurred from the less hindered convex side8 

of the cup-shaped structure and led directly to the desired 
amino alcohol 1 (IR 3400 (OH), 3200-3350 cm-' (NH2)), 
characterized as its crystalline hydrochloride (IR 3100 cm -1 

(NH3
+); m/e 187 (M+), mp 192-193 0C). This straightfor­

ward sequence of reactions allowed the preparation of pure 1 
in an overall yield of 73% based on the thiol ester 5. 

Further elaboration of 1 in the direction of biotin required 
scission of the C(3a)-C(4) bond with insertion of a nitrogen 
atom attached to C(3a), as well as an elevation of C(4) to the 
oxidation state of an acid. To this end, the amino alcohol 1 was 
converted to the ketone 12 (IR 1703 cm -1 (ketone), mp 
102-103 0C) via the intermediate urethane alcohol 11 (IR 
3510 (OH), 3330 cm"1 (NH), mp 109-110 0C) (Scheme II). 
At this point, the ruinous possibility of an epimerization at 
C(3a) to the thermodynamically more stable trans fused 5,7 
system had to be ruled out. Treatment of our pure all cis ketone 
with sodium acetate in refluxing ethanol quantitatively con­
verted it to the trans isomer 12a, verifying our structural as­
signment.9 Treatment of the ketone 12 with hydroxylamine 
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led directly to the anti oxime 13 (NMR S 7.51 (br s, 1 H, OH), 
5.70 (br d, 1 H, NH), 4.55 (br m, 1 H, Ci/NH)) with only a 
trace amount of the undesired syn oxime 13a. The marked 
predominance of the desired anti oxime 13 is presumably a 
result of the undesirable steric interaction with the proximate 
carbomethoxyamino group attached to C(3) rendering 13a 
much less stable. A Beckmann rearrangement of the anti oxime 
13 yielded the all-cis 5,8 bicyclic lactam 14 (IR 1686 (ure-
thane), 1652 crrr1 (lactam); m/e 258 (M+), mp 242-243 0C), 
which was easily converted to (±)-biotin (2) by basic hydrolysis 
and phosgene (Scheme II). 

A competing and quite facile Beckmann fragmentation of 
the anti oxime 13 to yield the 3,5-aziridine system 16 (NMR 
8 5.2 (m, 1 H), 4.3 (m, 1 H), 4.1 (s, 3 H); m/e 240 (M+)) ac­
counted for the difficulty10 in the key Beckmann step d 
(Scheme II), which constitutes the only low-yield reaction in 
this synthesis. A plausible mechanism is shown. Initiation of 
the undesired fragmentation is sparked by the sulfur lone pair 
leading to the transient episulfonium cation 15. This reactive 
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intermediate is internally quenched by the nitrogen atom at­
tached to C(4) thus accounting for the expulsion of the oximino 
carbon with 100% retention at C(3). 

In summary, we have demonstrated the utility of an intra­
molecular [3 + 2] cycloaddition of the reactive nitrile oxide 
9 to generate directly the tricyclic adduct 10. This latter in­
termediate was then transformed into the target structure of 
biotin (2), taking full advantage of the stereospecificity of the 
key ring-forming cycloaddition.1' 
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