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(M+ - 63). Anal. Calcd for C&MNOCI: C, 77.12; H, 6.17; N, 
3.6. Found C, 77.06, H, 6.21; N, 3.45. 
24 l-Chloropropyl)-S-ethyl-29496-triphenyl-S,6-dihydro- 

2H-l,3-oxaeine (Sb): major epimer 'H NMR (CDCls, 80 MHz) 
6H 0.4 (t, 3 H, J 7.0 Hz), 1.7 (m, 4 H), 
2.8 (m, 1 H), 4.2 (dd, 2 H, J = 8.0 Hz), 4.8 (d, 1 H, J = 3.0 Hz), 
7.1-8.0 (m, 15 H); minor e h e r "  'H NMR (CDCIS, 300 MHz 6~ 
4.9 (d, 1 H, J = 3.0 Hz); & NMR (CDClS, 20 MHz) 6c 168.96, 
143.36,140.8,138.88,. 131.2-125.44,94.08,71.68,70.4,40.32,24.32, 
19.84, 12.8, 10.24; MS, m / z  417 (M+). Anal. Calcd for 
CnHSNsOC1: C, 77.70; H, 6.71; N, 3.36. Found C, 77.58; H, 
6.8; N, 3.4. 
24 l-Chloroethyl)-2,4-diphenyl-6-( l-phenylethyl)-5,6-di- 

hydro-S-methyl-2a-l,3-0xazine (Sc): major epimer 'H NMFt 

6.7 Hz), 1.40 (d, 3 H, J = 6.7 Hz), 2.37 (dq, 1 H, J = 2.5 and 7.0 
Hz), 2.95 (m, 1 H), 3.53 (dd, 1 H, J = 2.5 and 10.5 Hz), 4.39 (q, 
1 H, J = 6.7 Hz), 6.8-7.9 (m, 15 H); minor epimer17 'H NMR 

137.06,130.16126.46,94.11,74.30,65.01,41.39,31.17,20.90,20.54, 
11.87; MS, m / z  354 (M+ - 63). Anal. Calcd for CnH&OCk C, 
77.70; H, 6.71; N, 3.36. Found C, 77.48; H, 6.8; N, 3.44. 
24 l-Chloroethyl)-6-phenyl-5,6-dihydr0-5-methyl-2~4-bis- 

(4-methylphenyl)-2H-l~~~~e (a): major epimer 'H NMR 

= 6.7 Hz), 2.3 (8,  3 H), 2.4 (8,  3 H), 3.02 (m, 1 H), 4.49 (q, 1 H, 
J = 6.7 Hz), 4.74 (d, 1 H, J = 2.5 Hz), 7.e7.9 (m, 13 H); minor 
epimer" 'H NMR (CDCl,, 300 MHz) S, 2.38 (5, 3 H), 4.52 (9, 1 
H, J = 6.7 Hz), 4.85 (d, 1 H, J = 2.5 Hz); '% NMR (CDClS, 20 

73.6,72.96,67.2,65.56,35.84,35.20,22.4,21.76,21.12,19.84,13.44, 
12.80, MS, m / z  354 (M+ - 63). Anal. Calcd for CnHBNOC1: C, 
77.70; H, 6.71; N, 3.36. Found: C, 77.53; H, 6.81; N, 3.40. 
24 l-Chloroethyl)-2,4-diphenyl-S,&dihydro-S-methyl-6-(4- 

nitrophenyl)-2H-193-oxazine (5e): major epimer 'H NMR 

= 6.7 Hz), 3.12 (m, 1 H), 4.55 (q, 1 H, J = 6.7 Hz), 4.82 (d, 1 H, 
J = 2.5 Hz), 7.2-8.3 (m, 14 H); minor epimer17 'H NMR (CDCl,, 

7.1 Hz), 1.0 (t, 3 H, J 

(CDClS, 300 MHz) 6~ 1.1 (d, 3 H, J = 7.0 Hz), 1.26 (d, 3 H, J = 

(CDCls, 300 MHz) 6~ 1.03 (d, 3 H, J = 7.0 Hz), 3.72 (d, 1 H, J 
= 2.5 Hz); 'Bc NMR (CDClS, 75 MHz) 6c 168.72, 143.28, 142.35, 

(CDCls, 300 MHz) 6H 0.95 (d, 3 H, J = 7.0 Hz), 1.56 (d, 3 H, J 

MHz) 6c 172.16, 170.24, 144.8-144.0, 137.6, 133.12-128.0, 96.0, 

(CDCl,, 300 MHz) 6~ 0.97 (d, 3 H, J = 6.8 Hz), 1.57 (d, 3 H, J 

300 MHz) S, 4.95 (d, 1 H, J = 2.5 Hz); 'Bc NMR (CDCh, 20 MHz) 

18.56, 11.52; MS, m/z 371 (M+ - 63). Anal. Calcd for 

5.20; N, 6.42. 
Crystal Data for 4a. A colorless triclinic crystal (0.40 X 0.36 

X 0.33 mm) from chloroform saturated with hexane had space 
group symmetry of PI and cell constants of a = 8.9372 (1) A, b 
= 10.1995 (I) A, c = 13.2285 (I) A, a = 87.515 (I)', B = 82.716 
(I)', y = 83.383 (I)', V = 1187.13 (5) AS, 2 = 2, and p(calcd) = 
1.28 Mg m-s; X = 0.71073 A; p(Mo Ka) = 1.91 cm-'; T = 293 K; 
7200 reflections measured on an Enraf-Nonius CAD4 instrument 
(0-213 scan technique), range 0 I3  < 30 and -12 < h < 12, -14 
< k < 14, 0 < 1 < 18, 6920 unique reflections (Rht = 0.018, 
averaging some double measured) and 4000 observed (I > 3a(n). 
Semiempirical and empirical absorption corrections were applied. 
The structure was solved by direct methods, using the program 
SHELXBB, and we anisotropicaUy refined (SHELX~) all non-hydrogen 
atoms, except for C25, which was found in two disordered pos- 
itions, namely C25 and C25', with refined occupation factors of 
0.575 (7) and 0.425 (7)) respectively, to R = 0.062 and R, = 0.071 
(299 parameters). Maximum shiftferror = 0.60 p- = 0.41 e/AS. 
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1,2-Cyclononadiene (1) reads with phenyl azide (2a) and rl-bromophenyl azide (2b) to give conjugated triezoline 
adducts 3a and 3b, respectively. (R)-(+)-l and 2a react to give (S)-(+)-3a, which is consistent with a concerted 
cycloaddition mechanism. The reaction of 1,2-propadiene (6) and 2a gives triazoles 8 and 10 plus compound 
18 in nearly equal amounts. The formation of these produds is rationalized by a scheme involving initial formation 
of triazolines 7 and 9. Triazoline 3a is slowly isomerized by sodium ethoxide or NJV-dimethylaniline to triazole 
20. 

The mechanism of the addition of aryl azides to simple 
alkenes has been extensively studied.' The relative in- 
sensitivity of the reaction to changes in solvent polarity, 
the stereospecificity of the addition, the large negative 
entropy of this kinetically second-order process, and the 
enhancement of the reaction rate by electron-withdrawing 
substituents on the aryl azide are consistent with a con- 
certed formation of the 1,2,3-A2-triazoline adduct by way 
of an unsymmetrical transition state in which the nitrogen 

Scheme I 
ArN, + 'C=C=C' - 

/ \ 

(1) Huben, R. In 1,,9-Dipokrr Cycloaddition Chemistry; Padwa, A., to the aromatic ring is negative relative to the alkene 
Ed.; Wdey: New York, l9W, p 1. Lwowaki, W. Ibid. p 569. carbon to which it is bonding. This concerted process is 
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Scheme I1 

Wedegaertner et al. 

Scheme I11 
2a + H~C=C=CH? 

6 

consistent with orbital symmetry considerations.2 
Although a number of 1,3-dipolar additions to the cu- 

mulated double bonds of allenes (1,Zdienes) have been 
examined, the reaction of azides with allenes has received 
relatively little attention?*' The straightforward addition 
of aryl azides to allenes can potentially occur to give re- 
gioisomers I and I1 (Scheme I). When we reacted 1,2- 
cyclononadiene (1) with phenyl azide (2a) or 4-bromo- 
phenyl azide (2b), 1:l adducts 3a or 3b, respectively, were 
obtained (eq l), which are type I structures. The structure 

2 1 
a X - H  

e c , r  b X - B r  

3 d,H4-4-X 

of 3b has been determined by X-ray crystallography.6 The 
close relationship of the IR, NMR, and UV spectra of 3a 
and 3b establishes the structure assigned to 3a. The UV 
spectra of 1-phenyl-1,2,3-A2-triazolines have maxima at 
295-320 nms and should be good models for the noncon- 
jugated type I1 structures. The longer wavelength UV 
maxima of 3a (352 nm) and 3b (355 nm) further support 
their being type I adducts with both double bonds conju- 
gated. 

In order to help elucidate the aryl azide-allene reaction 
mechanism, optically active 1 ( [ a I n D  +9.5' (neat); [ a I z 7 D  
+17.2' corrected for 13% a-pinene from partial resolution 
of (R,S)-l,7 [ a I n D  -42.5') was reacted with 2a. The re- 
crystallized adduct, 3a (no dimer of (+)-l present by TLC), 
was obtained optically active, [aInD +9.5' (c 0.10; CHCl,; 
average of three experiments). In order to rule out asym- 
metric induction by a-pinene, excess racemic 1 was reacted 
with 2a in the presence of (-)-a-pinene. The adduct, 3a, 
showed no optical activity. Therefore, the resultant optical 

(2) Woodward, R. B.; Hoffmann, R. Angew. Chem., Int. Ed. Engl. 
1960, 8, 781. Eckell, A.; Huiagen, R.; Smtmann, R.; Wallbillich, G.; 
Grashey, D.; Spindler, E. Chem. Ber. 1967,100, 2192. 
(3) Landor, 9. R. The Chemktn, of Allenes: Academic Press: New - .  

York, 1982; Vol. 2, pp 611-624. 
(4) Bnttioni, P.; VcrQuang, L.; VcrQuang, Y. Bull. SOC. Chim. h.. 1978, 

415. 
(6) Dodge, R. P.; Johnson, Q. Cryst. Struct. Commun. 1974, 3, 685. 
(6) Scheiner, P.; Schomaker, J. H.; Deming, S.; Libbey, W. J.; Nowack, 

0. P. J. Am. Chem. SOC. I966,87,306. Scheiner, P. J. Org. Chem. 1965, 
M,7. Rondmtvedt, C. S.; Chang, P. K. J. Am. Chem. SOC. l9Md,77,8632. 
(7) Byrd, L. R.; Cmrio, M. C. J. Am. Chem. SOC. 1971, 93, 5768. 

8 9 1  10 

i 2a 

activity of 3a is due to the mechanistic consequences of 
the reaction of (+)-l with 2a. This was confirmed by the 
observation that (-)-l ([.IUD -12.7' (c  0.03, pentane), GC 
collected and uncontaminated with a-pinene) reacted with 
2a to give (-)-3a ( [ a J U ~  -4.0' (c  0.01; pentane)). 

The specific rotation of optically pure (+)-l has been 
estimated: and it has been determined to have the R 
c~nfiguration.~ Addition of 2a most certainly occurs 
prefelentially to the least hindered face of either double 
bond of @)-(+)-le This predicts that the (+)-3a formed 
has the S configuration (Scheme II). By use of the higher 
estimated value of [ a ] = D  +175' for enantiomerically pure 
(R)-(+)-l, a minimum value of [ a I 2 ' D  +97' can be calcu- 
lated for enantiomerically pure (S)-(+)-3a, assuming that 
2a adds with 100% stereoselectivity. 

A stepwise process in which the terminal azide nitrogen 
bonds to the central allenic carbon to form either a 
charge-separated or diradical intermediate of significant 
lifetime can be ruled out, since the resultant allylic ion or 
radical system would be achiral and would undergo ring 
closure to form optically inactive 3a. A stepwise mecha- 
nism involving initial reaction of 2a with a terminal allenic 
carbon of (R)-(+)-l by approach from the least hindered 
side of either double bond to give chiral intermediate 4 (or 
the analogous diradical), which would subsequently ring 
close to (S)-(+)-3a, is consistent with the observed reten- 
tion of optical activity. However, formation of the rela- 
tively unstable vinyl carbocation (or vinyl radical)*O is not 
very attractive. Also, nucleophiles add to the terminal 
nitrogen of 2a rather than the nitrogen attached to the 
benzene ring." A more likely interpretation of these 
results is that 2a reacts by a concerted mechanism, ap- 
proaching either double bond from the least hindered 
direction to give (S)-(+)-3a. This interpretation agrees 
with the extensive data that has established the analogous 
aryl azide-alkene addition as a concerted reaction as well 

(8) Moore, W. R; Bach, F& D.; Ozretich, T. M. J. Am. Chem. Soc. 1969, 
91, 5918. 
(9) Moore, W. R.; Anderson, H. W.; Clark, S. D.; Ozretich, T. M. J. 

Am. Chem. SOC. 1971,93,4932. Bach, R. D.; M a w ,  U.; Brummel, R. N.; 
Lin, L. H. J.  Am. Chem. SOC. 197L.93, 7120. 
(10) March, J. Advanced Organic Chemutry, 3rd ed.; Why-Inter- 

science: New York, 19BS; pp 142-149 and 162-167. 
(11) Boyer, J. H.; Canter, F. C. Chem. Reu. 1954,54, 1. 
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as orbital symmetry considerations. Transition state 5, 
with partial charge separation as indicated, is consistent 
with the effect of aryl azide substituents on the reaction 
of aryl azides with simple alkenes as well as the rate-en- 
hancing effect of electron-withdrawing substituents on aryl 
azides in their reaction with tetramethylallene.12 

When 2a and excess 1,2-propadiene (6) were reacted at 
50, 70, or 100 "C, neither of the straightforward regioi- 
someric 1:l adducts 7 or 9 (Scheme 111) was obtained. 
Evidence for these compounds was sought by examination 
of the vinyl proton region of the NMR spectrum of the 
crude reaction mixture. No peaks potentially assignable 
to vinyl proton signals of 7 or 9 were discernible. Instead, 
three compounds were isolated from this reaction. Two 
triazoles, 5-methyl-l-phenyl-1,2,3-triazole (8) and 4- 
methyl-l-phenyl-l,2,3-triazole (lo), were obtained. Their 
formation can be understood in terms of the initial for- 
mation of 7 and 9, respectively, followed by isomerization 
to the more stable aromatic triazole systems. A third 
compound, 1,l-dianilinocyclopropane (18), was also ob- 
tained. Possible pathways to account for the production 
of 18 involve initial formation of the 1:l adducts 7 and 9 
(Scheme In). There is then a competition between isom- 
erization of 8 and 10, respectively, and addition of a second 
2a molecule to give potential intermediates 11,12, and/or 
13. The stepwise decomposition of 11 with loss of a ni- 
trogen molecule giving diradical 14 followed by the loss 
of a second nitrogen molecule could give diradical 15 di- 
rectly or indirectly by way of either bis(ethy1eneimine) 17 
or bicyclic hydra20 compound 16. Diradicall5 must then 
abstract two hydrogen atoms from the reaction medium 
to give product 18. The hydrogen atom source has not 
been established, but a prime candidate is 6, which would 
give the resonancestabilized propargyl radical13 upon loss 
of a hydrogen atom. Other potential hydrogen atom 
sources are the "benzylic" methyl hydrogens of 8 and 10 
(also xylene when substituted for benzene as the solvent). 

In an analogous manner, 12 and 13 could decompose 
with a stepwise loss of two nitrogen molecules to give 
diradicall5, which would ultimately be converted to 18. 
The greatly enhanced carbon-carbon double-bond re- 
activity of enamines toward 2a" implies that the reaction 
of 2a with enamine adduct 7 will be favored over its re- 
action with adduct 9. The polar, resonance contribution 
of the enamine nitrogen to the concerted addition tran- 
sition state dictates the regiochemistry shown for 11 rather 
than the opposite regiochemistry, which would result in 
formation of 12. Thus, the most likely pathway for the 
formation of 18 involves the sequential conversions of 7 
to 11 to 15 (poseibly by way of 16 or 17) to 18. Even though 
the amine nitrogen of 9 is conjugated through the nitro- 
gen-nitrogen double bond to the carbon-carbon double 
bond, ita lower reactivity than 7 toward 2a is consistent 
with the 2 + 1 reaction results. Only regioisomer 3, which 
is structurally analogous to 9, is isolated, and we have no 
evidence of any product resulting from reaction of two 2a 
molecules with 1, in spite of the fact that the 2a to allene 
ratio is much higher in the experiments with 1 than with 
6. 

The formation of 18 by a pathway that involves loss of 
nitrogen from 7 or 9 to give N-phenylalleneimine, which 
subsequently adds 2a to its carbon-carbon double bond, 
ultimately giving 18, is extremely unlikely since reaction 
of N-isopropylalleneimine with 2a is reported to give 1- 
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phenyl-$[ (N-isopropylamino)methyl]-1,2,3-triazole as the 
major product.16 N-Isopropyl-N'-phenyl-Blactimide is a 
minor product. No product analogous to 18 is obtained. 
Also, the fact that 3 does not readily lose nitrogen at 110 
"C is further evidence against a pathway involving nitrogen 
loss from 7 or 9. 

Only very small amounts of purified 8 and 10 were iso- 
lated. Compound 18 was isolated in 10% yield (18% yield 
of slightly less pure material). The 'H NMR spectrum of 
the crude reaction mixture shows only three singlets be- 
tween 6 1-3, which are due to each of the three isolated 
products. By comparing the area of the four cyclopropyl 
protons (6 1.2) of 18 with the weighted areas for the methyl 
protons of 8 (6 2.38) and 10 (6 2.42), the minimum yields 
of triazoles 8 and 10 are each calculated to be 13%. 
Therefore, these three products account for at least 36% 
of the fate of 2a. This implies that the rates of formation 
of initial adducts 7 and 9 are comparable, with 7 probably 
being formed about twice as fast since it is most likely the 
precursor of 18 as well as 8, with 9 giving only 10. The 
preference for 6 to form a nonconjugated type I1 triazoline 
adduct (7) by reaction with 2a, in comparison with 1 in 
which only the conjugated type I triazoline adduct (3a) is 
found, is consistent with positive charge accommodation 
in a concerted, charge-separated transition state. In the 
pathway leading to a type I conjugated adduct, partial 
positive charge is accommodated on a terminal allenic 
carbon (no allylic carbocation resonance due to orthogo- 
nality of the orbital on the positive carbon with the car- 
bon-carbon double bond). Thus, transition state 5 from 
2a reacting with 1, in which the partial positive charge is 
on a secondary carbon, is relatively more favorable than 
the analogous transition state from the reaction of 2a with 
6, in which the positive charge is on a primary carbon. 
This diminished stability of the transition state leading 
to 9 allows the transition state leading to 7, in which partial 
positive charge is on the central allenic carbon, to become 
competitive. 

The possibility that all or some of the 2a + 6 reaction 
products are the result of 6 initially isomerizing to 2- 
propyne (19), which subsequently reacts with 2a, was 

CH,-CHC-H 

19 

considered unlikely, since in the absence of catalysts, 6 is 
stable with respect to isomerization to 19 up to 400 oC.ra 
No effective isomerization catalyst appears to be present 
in the 2a + 6 reactions. Reaction product 18 is the best 
candidate for an isomerization catalyst, although it is ex- 
pected to be rather p r  due to ita weak basicity. In order 
to completely dismiss the possibility that 6 is being isom- 
erized to 19 in these reactions, a series of control experi- 
ments were carried out using the K2Hg& reagent" to detect 
small amounts of 19 (25 ppm detectability limit for 19). 
When the reaction of excess 6 with 2a was carried out in 
the usual manner, no 19 was detected. The 18 formed in 
this reaction is weakly basic and, though unlikely, might 
have isomerized 6 to 19, which went undetected because 
it reacted with 2a much faster then did 6. Therefore, 
N-methylaniline (similar basicity to 18) was substituted 
for 2a in the reaction with 6. Again, no 19 was detected. 
Since the 619 equilibrium ratio is approximately 1486 at 

(12) Blehlder, K F.; Shechtar, H. J.  Am. Chem. Soc. lS68,90,2131. 
(13) V& H. 0. Chrmiutry ofdce ty lew:  Marcel Decker: New York, 

(14f)Munk, M. E.: Kim, Y. K. J.  Am. Chem. SOC. 1964, 86, 2213. 
1989; 988. 

(15) Komin, J. B. Ph.D. Thesis, Indiana University, 1976; Chem. 
Abstr. 1976, 84, 69316~. Crandall, J. K., Komin, J. B. J.  Chem. Soc., 
Chem. Commun. 1976,436. 

(16) Cordee, J. F.; Gunzler, H. Chem. Ber. 1969,92,1055. 
(17) Pasto, D. J.; Johnson, C. R. Organic Structure Determination; 

Prentice Hall: Inglewood Cliffe, NJ, 196% p 339. 
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for 10 h. Evaporation of the solvent gave a viscous yellow oil that 
crystallized upon standing for 2-3 d at  room temperature. Re- 
crystallization from petroleum ether (60-110 "C) gave 0.520 g 

TLC showed the absence of the dimer of (R)-(+)-l(l% could be 
deteded). Two other identical runs gave (S)-(+)-3a, [a]% +9.5' 
(23% yield) and [aIe7D +9.4" (23% yield). With use of (&(-)-l, 
[a lnD -15.3" (neat), uncorrected for a-pinene, reaction with 2a 
gave (R)-(-)-3a, [aInD -8.5" (c 0.1; CHC18). With use of GC 
collected (S)-(-)-l, [a lUD -12.7" (c 0.03; pentane), reaction with 
2a gave R-(-)-3a, [a lUD -4.0" (c 0.01, pentane). 

Reaction of 2a with Racemic 1 in the Presence of (-)-a- 
Pinene. A solution of (R,S)-l (2.0 g, 16 mmol), 2a (1.19 g, 10.0 
mmol), and a-pinene (1.0 g, 7.0 mmol), [aInD -42.5" (neat, 83% 
optical purity), in 15 mL of toluene was refluxed for 10 h. The 
yellow oil, obtained after solvent evaporation, crystallized after 
standing for several days at room temperature. Recrystallization 
from petroleum ether (80-110 "C) gave 3a (0.590 g, 37%), mp 

Isomerization of 3a to l-Phenyl-4,5-heptamethylene- 
1,2,3-triazole (20). (i) With Sodium Ethoxide in Ethanol. In 
order to establish isomerization conditions, (-)-3a (66 mg, 0.27 

ethoxide in ethanol was refluxed overnight. After fiitration to 
remove turbidity, the rotation was [a]%D -1.0" (c 0.003; C2H,OH). 
After 3 d of additional reflux, the reaction mixture did not rotate 
polarized light. The following scaled-up reaction is based on these 
preliminary results. A solution of 3a (1.00 g, 4.14 mmol) in 40 
mL of 0.75 M d u m  ethoxide in ethanol was refluxed for 3 days. 
After solvent evaporation, the residue was extracted with ether, 
and the ether extract was washed with water until the aqueous 
washes were neutral. The ether layer was dried (MgS04) and 
evaporated to give 0.81 g of crude product that showed some OH 
and CO IR absorption. Petroleum ether was added and evapo- 
rated (repeated three times), and a brown crystalline solid formed 
upon standing. Recrystallization from petroleum ether-benzene 
(3:l) afforded 0.701 g (70%) of white crystalline 20, mp 77-78 
OC. UV (C2H60H) A- 211 nm (t- 1.24 X le); MS m/z 241 
(M+, 3.4), 213 (32.2),77 (100); 'H NMR 6 1.2-2.0 (m, 10 H), 2.7 
(m, 2 H), 2.9 (m, 2 H), 7.5-7.8 (m, 5 H). Anal. Calcd for C a , & $  
C, 74.69; H, 7.93; N, 17.42. Found C, 74.56; H, 7.83; N, 17.33. 

(ii) With N-Methylaniline. A 76-mg (0.32 mmol) portion 
of (-)-3a in 10 mL of N-methylaniline was heated (108 "C) for 
8 d. The solution darkened, making it impossible to follow the 
progress of the isomerization by polarimetry. Pentane was added, 
and the organic phase was extracted thoroughly with 5% HCl, 
then with water, and dried (MgSOJ. Evaporation of the solvent 
left a brown viscous residue that was dissolved in 1 mL of CHCb. 
Silica gel TLC (benzene) gave three spots. The major spot had 
the same R, (0.83) as 20. One of the smaller spots (R = 0.32) 
corresponded to 3a, and the other minor spot (R, = 0.891 was not 
identified. 

Reaction of Phenyl Azide (2a) with If-Propadiene (6). 
An autoclave, equipped with a pressure gauge, a gas inlet, and 
an outlet, containing 2a (4.0 g, 0.034 mol) and 15 mL of benzene 
at -40 "C was charged with 8 g (0.2 mol) of 6 (previously condensed 
at  -78 "C) and sealed. I t  was placed in an oil bath at 100 + 5 
"C for 3 weeks. After the reaction mixture was cooled to room 
temperature, the gas was bubbled through a KzHgI, terminal 
acetylenic test reagent solution17 at  0 "C. No precipitate formed 
(50 pL of 19 mixed with 2 L of nitrogen, 25 ppm, approximately 
lo4 M of gaseous 19, gave a precipitate). Evaporation of the 
solvent gave 5.8 g of a brown mixture that was separated by silica 
gel column chromatography. The f i t  two fractions were eluted 
with benzene, and subsequent fractions were eluted with eth- 
er:benzene (3:l). 

The second fraction yielded 0.68 g (18%) of pale yellow 18, mp 
140-142 "C. Recrystallization from petroleum ether (3060 "C) 
gave white, fluffy crystals (0.39 g, lo%), mp 142-143 "C. Silica 
gel TLC showed one spot with a tail. A 1Wmg sample submitted 
to silica gel thick-layer chromatography (benzene eluant) gave 
45 mg of a white solid, which upon recrystallization from petro- 
leum ether (30430 "C) gave needles of 18, mp 143-144.5 "C (lit?' 

(21) Waaeennan, H. H.; Clagett, D. C. J. Am. Chem. Soc. 1966,88, 

(24%) Of @)-(+)-Sa, [ a ]=~ (C 0.10; CHCl,), mp 90-94 "c. 

90-95 "c, [aInD 0.00". 

m o l ) ,  [ a ln~  -2.4" (C 0.m; C,H,OH), in 20 mL Of 0.5 M d u m  

5368. 

125 O C , l B  clearly 29 can be ruled out as an intermediate 
in the 2a + 6 reaction. 

When 19 is r e a d  with 2a, the NMR spectrum of the 
crude reaction mixture reveals the absence of a 6 1.2 res- 
onance characteristic of 18. Absorptions characteristic of 
8 and 10 are seen (6 2.37 and 2.42, respectively) and are 
about equal. Triazole 10 was isolated in 46% yield. 
However, 8 could not be isolated. Instead, an impure 
material having physical and chemical properties different 
than 8 was obtained. Ita NMR spectrum does show a 
singlet at 6 2.37 and i t  has not been completely charac- 
terized. 

In the reaction of 2a with 1, the initial adduct 3a is 
stable under the reaction conditions and can be isolated, 
presumably at least in part because no base such as 18 is 
present or formed that can isomerize it to triazole 20. The 
isomerization of 3a to 20 (eq 2) was readily carried out with -9 base (2) 

*/N-ph 
20 

sodium ethoxide. Since 18 is the base most likely re- 
sponsible for isomerizing adducts 7 and 9 to their re- 
spectively triazoles, 8 and 10, the effect of the analogous 
weak base, N-methylaniline, on the 3a to 20 isomerization 
was examined. TLC gave evidence for the formation of 
some 20 as well as unreacted 3a. Thus, 3a is isomerized 
to 20, but apparently not nearly as readily as adducts 7 
and 9 are converted to triazoles 8 and  10, respectively. 

Experimental Section 
General. All reactions were carried out under nitrogen, and 

melting pointa are correded. 'H NMR spectra were obtained at 
100 MHz using CDC18 as solvent. 
lO-Phyl-lO,l1,12-tria~a-A~~-bicyclo[7.3.O]dodec-l~ne (3a). 

A solution of 1lg (1.22 g, 0,010 mol) and 2am (1.19 g, 0.010 mol) 
in 15 mL of toluene was refluxed for 10 h. The viscous yellow 
oil, obtained upon solvent evaporation, crystallized when stored 
at room temperature for several days. Recrystallization from 
petroleum ether (60-110 "C) gave 0.51 g (21%) of 3a, mp 90-94 
"C, which exhibited a single TLC (silica gel) spot using different 
solvents: IR (KBr) 2900,1600 cm-'; 'H NMR 6 0.9-2.7 (m, 12 
H), 4.3-4.7 (m, 1 H), 6.02-6.43 (m, 1 H), 6.85-7.7 (m, 5 H); UV 
(C2H,0H) A, 352 nm (a, 1.2 X lo4); MS m/z  242 (M+ + 1, 

26). The material submitted for elemental analysis (mp 91-96 
"C) was twice sublimed at 93 "C (0.1 mm). Anal. Calcd for 

N, 17.31. 
10-(4-Bromophenyl)-lO,l 1,12-triaza-A11-bicyclo[7.3.0]do- 

dec-bene (3b). This reaction is identical with the 3a synthesis 
except that 2b is used in place of 2a. Recrystallization from 
methanol gave yellow crystalline 3b (mp 115-117 "C, 28%): IR 
(KBr) 2900,1600 cm-'; 'H NMR 6 1.0-2.9 (m, 12 H), 4.3-4.7 (m, 
1 H), 6.04-6.53 (m, 1 HI, 7.05-7.65 (m, 4 H); UV (C2HbOH) & 
355 nm (c- 1.5 X 10'); MS m/z 322 (81Br M+ + 1,4), 321 PIBr 
M+, le), 320 (%r M+ + 1, 4), 319 (78Br M+, 19), 293 (BIBr M+ 
- N2, 311,291 (%r M+ - N2, 31). 236 (loo), 234 (90), 199 (81Br 
M+ - c&, 231, 197 (%r M+ - C9H14, 35). Anal. Calcd for 
C1$iI8N8Br: C, 56.3; H, 5.7; N, 13.1; Br, 24.9. Found: C, 56.27; 
H, 5.77; N, 13.28; Br, 24.90. 

(8)-(+)-3a. A solution of 1.22 g (8.7 mmol corrected for 13% 
a-pinene mpurity) of cR)-(+)-1,7 [alnD +9.5" (neat) ( ja lnD +17.2" 
corrected for GC determined 13% impurity of a-pinene, [a lnD 
-42.5") and 1.0 g (8.0 "01) of 2a in 15 mL of toluene was refluxed 

61,241 (M+, 491,213 (M' - N2,17), 156 (loo), 119 (M+ - C&, 

C , ~ H , & :  C, 74.65; H, 7.93; N, 17.41. Found C, 74.46; H, 8.22; 

(18) Analogous reaulta (VB obtained f" the reaction of ethyhtylene 

(19) Skattebol, L.; Solomon, S. Org. Synth. 1969, 49, 35. 
(20) Lindeey, R. 0.; Allen, C.  F. H. Organic Syntheses; Wiley: New 

with 28. 

York, 1956; Collect. Vol. 3, p 170. 
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mp 144-144.5 OC): IR (KBr) 3400 cm-' (NH); 'H NMR 6 1.2 (8,  
4 H), 4.96 (br s ,2 H, disappead upon addition of DzO), 6.64-6.88 
(m, 6 H), 7.16-7.3 (m, 4 H); MS m l z  225 (M+ + 1,2.44), 224 (M+, 
14.5),132 (M+ - C&&JH, 100). Anal. Calcd for C1J4&J2: MW, 
224; C, 80.35; H, 7.14; N, 12.50. Found MW by vapor-pressure 
osmometry, 220; C, 80.25; H, 7.30; N, 12.42. 

The third fraction gave 2 g of an oil that was extracted (10 x 
25 mL) with boiling petroleum ether (30-60 "C). Cooling the 
combned extrade to -10 OC for 2 d gave 10 (53 mg, I%), mp 74-80 
O C .  Recrystallization from petroleum ether (30-60 "C) gave white 
crystalline 10, mp 80-81 "C (lit.14 mp 80-81 OC): IFt (KBr) 3150, 
3050,2920, 1600 cm-l; NMR 6 2.42 (s,3 HI, 7.4-7.8 (m, 6 H); UV 
(C2H50H) h ,  250 nm ( c  0.97 x 10'); MS m / z  159 (M+, 3), 131 
(M+ - N2, 53), 77 (100). An authentic sample" gave IR and NMR 
spectra, TLC behavior, and a mixed mp that were identical. 

The combined fourth and fiith fractions gave a dark, brown 
oil (2.3 g) that was extracted (10 X 25 mL) with petroleum ether 
(30-60 "C). The cooled (-10 "C) extracts yielded 32 mg (0.6%) 
of 8, mp 60-62 OC. It was recrystallized from petroleum ether 
(W "C), mp 62-63.5 OC (lit.B mp 64 OC): IR (KBr) 3100,1600 
cm-'; NMR 6 2.38 (s,3 H), 7.35 (a, 1 H),7.5-7.65 (m, 5 H);UV 
(CaHbOH) A, 223 nm (e 1.4 X l@). An authentic sampleB gave 
IR and NMR spectra, TLC behavior, and a mixed mp that were 
identical. 

When 2a (4.0 g, 0.034 mol), 20 mL of benzene, and 6 (4 g, 0.1 
mol) were heated at 100 OC for 1 week and the gas phase (2.4 L 
at 25 "C) was passed through the K2Hg14 reagent, no precipitate 
was observed. The reaction was also carried out in sealed, 
heavy-wall Pyrex tubes using xylene in place of benzene at 100 
OC for 1 week, 70 OC for times ranging from 1 to 3 weeks, and 
at 50 OC for 2 weeks. Similar results were obtained from all 

(22) Dimroth, 0. Chem. Ber. 1902,35,1029. 

reactions (e.g., the TLC and NMR of the crude reaction product 
mixtures were virtually identical). Since 6 was sometimes paseed 
over NaOH pellets before use in a reaction, it was teated by passing 
through the K2HgI, reagent both before and after NaOH expoeure. 
No precipitate was observed in either case. 

Heating 6 with N-Methylaniline. N-Methylaniline (3.64 
g, 0.034 mol), benzene (15 mL), and 6 (8 g, 0.2 mol) were heated 
in an autoclave at 105 + 5 OC for 7 d. After being cooled to room 
temperature, the gas was paased through the K2Hg14 reagent (no 
precipitate formed) and collected (4.0 L at room temperature). 

Reaction of 2a with Methylacetylene (19). In an autoclave, 
2a (4.0 g, 0.034 mol), benzene (20 mL), and condensed (-78 OC) 
19 (10 g, 0.25 mol) were combined and heated at 100 + 2 "C for 
3 d. A dark brown oil was obtained (5.6 g) that showed no IR 
band for phenyl azide (2130 cm-l). The 'H NMR exhibited sharp 
singlets at  6 2.37 and 2.42 as well as resonance in the aromatic 
region. No resonance at  6 1.2 (18) was detected. Silica gel TLC 
showed two spots and a silica gel column chromatographic sep- 
aration was undertaken. The first fraction gave 2.46 g (46%) of 
a white solid, mp 78-80 OC. Recrystallization from petroleum 
ether (30-60 "C) yielded colorless crystalline 10 (1.8 g, 34%), mp 
80-81 OC. The IR, NMR, UV, TLC, mp, and mixed mp of this 
and an authentic sample1' of 10 were identical. 

The second fraction yielded 3.0 g of a viscous liquid that wae 
short-path distilled and the major fraction collected a t  125 OC 
(2 mm). This material solidified at  -10 OC but remained liquid 
at room temperature: IR (neat) 3450,3100,2900,1600 cm-'; NMR 
6 2.37 (s,3 H), 7.3 (m, 6 H), 7.7 (m, 4 H), 8.08 (a, 1 H). Addition 
of D20 to the NMR sample did not effect the spectrum. The 
elemental analysis gave a high nitrogen value (27.76%). The TLC 
behavior and the NMR singlet at 6 2.37 are the same as for 8 but 
the IR is quite different. All attempts to obtain 8 from this 
material were unsuccessful. A repetition of this experiment 
produced the same results. 

Asymmetric Reactions of Thioacetals and Their S-Oxides Derived from 
1,l'-Binapht halene-2,2'-dit hioll 

Giovanna Delogu 
Zstituto C.N.R. per I'Applicazione delle Tecniche Chimiche Avanzate ai Problemi Agrobiologici, via Vienna 2, 

1-07100 Sassari, Italy 

Ottorino De Lucchi*I2 and Paola Maglioli 
Dipartimento di Chimica dell'llniversitd, via Vienna 2,Z-07100 Sassari, Italy 

Giovanni Valles 
Centro Studi Biopolimeri del C.N.R., Dipartimento di Chimica Organica dell'llniversitd, via Marzolo 1 ,  

I-35131 Padova, Italy 

Received May 1, 1990 (Revised Manuscript Received March 20, 1991) 

The chiral dithiepine 3 was selectively oxidized to all possible oxides: the sulfoxide 9, the sulfone 16, the 
eulfons-sulfoxide 20, the disulfoxide 21, and the disulfone 22. The sulfinyl oxygena of 9,14,20, and 21 are always 
in the pseudoaxial configuration, as shown by the X-ray structure determination of lla. Reaction of the anions 
of 3,9, and 16 with methyl iodide, benzaldehyde, or acetophenone occurs efficiently. The stereoselectivity of 
the processes is high and maximized in sulfoxide 9, where the contributions of the chiral binaphthyl residue and 
the sulfoxide appear to occur synergistically. The alcohols derived from reaction of the anions of 3,9, and 16 
with benzaldehyde and acetophenone were also prepared in high yield and stereoselectivity via reduction or 
methylation of the phenyl ketone 8 and of its oxidized homologues 14 and 19. Alcohol 6a, prepared in 8 2  ratio 
in the reaction of 3 with benzaldehyde, was obtained as a single diastereoisomer in the reduction of 8 with lithium 
aluminum hydride. 

"Umpolung" of the carbonyl group via the thioacetal' 
is a powerful tool for the synthesis of a variety of func- 

(I) Raented at the Second Intewtionol Conference on Heteroatom 

(2) h n t  add" Dipartimento di Chimica, UniversitA di Venezia, 
Chemwtry: ICHAC-2 held in Albany, NY, on July 17-22,1989. 

Donoduro 2137,I-30123 Venezia, Italy. 
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tionalized molecules. However, asymmetric variants, 
making use of thioacetals derived from chiral thiols, remain 
to be explored. Work has been done with related molecules 

(3) Author to whom inquiribe concerning the X-ray crystallographic 

(4) Griibel, B.-T.; Seebach, D. Synthesis 1977,357. 
analpie should be directed. 
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