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mL, 40.7 mmol) with cooling at -78 "C in a liquid N2-EtOH bath. 
The mixture was stirred at -78 to -60 "C for 30 min, and to the 
resulting solution was added a solution of N-(1,l-dimethyl- 
propargy1)acetamide (1.27 g, 10.1 m o l )  in THF (10 mL) at -78 
"C. Stirring was continued for 30 min at -78 to -60 OC, and to 
the mixture was added dropwise a solution of benzaldehyde (2.0 
mL, 20 m o l )  in THF (10 mL) at -78 "C. The mixture was stirred 
at -78 to -60 OC for 1 h and at -60 to -20 "C for 4 h. To the 
mixture was added dropwise acetic anhydride (3.8 mL, 40.3 mmol), 
and the resulting mixture was stirred at -20 "C for 5 h and then 
allowed to warm to room temperature. The mixture was poured 
into aqueous cold 10% tartaric acid (100 mL), the organic layer 
separated, and the aqueous layer extracted with ethyl acetate (100 
mL). The combined organic layers were washed with brine (100 
mL), aqueous NaHC03 (100 mL x 2), dried (MgS04), and con- 
centrated under reduced pressure. The residue was purified by 
column chromatography @io2, hexane:AcOEt = 51) to give 1.50 
g (55%) of 8a as colorless crystals: mp 85-87 "C (from ether- 
CH2C12); IR (KBr) 1738,1651 cm-'; 'H NMR (200 MHz) 6 1.67 
(8,  6, CH3), 1.94 (8,  3, CH3CO), 2.09 (8,  3, CH3CO), 5.70 (brs, 1, 
NH), 6.49 (e, 1, CH-0), 7.31-7.43 (m, 3, ArH), 7.48-7.57 (m, 2, 
ArH); 13C NMR (50 MHz) 6 21.1,24.1,28.7 (2 C), 48.0,65.5,77.4, 
90.6,127.8 (2 C), 128.6 (2 C), 128.8,137.0,169.0,169.8. Anal. Calcd 
for C16H19N03: C, 70.31; H, 7.01; N, 5.12. Found: C, 70.01; H, 
7.35; N, 5.12. 
4-Acetamido-l-acetoxy-2f-dibromo-4-methyl-l-phenyl-3- 

pentanone (loa, X = Br) from 8a by Electrobromination. A 
sidearmed cylindrical veasel(2.5cm diameter and 10.0-cm height) 
equipped with a magnetic stirring bar was used for the electrolysis. 
Into this vessel was placed a solution of propargyl amide 8a (R' 
= Me, R2 = Ph, 82.2 mg, 0.30 mmol) in CH2C12 (5.0 mL), which 
was covered with aqueous 25% NaBr (10 mL, buffer solution at 
pH 7 with 3% Na2HP04 and 3% KH,P04). The mixture was 
electrolyzed with two platinum foil electrodes (3 cm2) under a 
constant current density of 20 mA/cm2 (applied voltage, 2.0 V), 
and 5 F/mol of electricity was charged. Two layers were separated, 
and the aqueous phase was extractad with ethyl acetate (20 mL). 
The combined organic layers were washed with brine, dried 
(MgS04), and concentrated under vacuum. The residue was 
purified by column chromatography @io2, hexane-AcOEt (51)) 
to give 2.1 mg (2.2%) of 9a (X = Br) and 122.0 mg (90%) of 10a 
(R' = Me, R2 = Ph, X = Br). l-Acetyl-2,2-dimethyl-3-(2- 
acetoxy-1-bromo-2-phenethy1idene)aziridine (9a, X = Br): 
mp 140-141 O C ;  IR (KBr) 2936,1744 (CO), 1705 (CO), 1667,1450, 
1383,1238,1067,1025,969,698 cm-'; 'H NMR (200 MHz) 6 1.52 

6.92 (8, 1, CH), 7.36 (m, 5, ArH); 13C (50 MHz) 6 13.9, 21.1, 25.0, 
25.2, 71.4,72.0,99.6, 126.0 (2 C), 128.0, 128.4 (2 C), 137.7, 159.0, 
159.2, 169.5. Anal. Calcd for CI8H1,BrNO3: C, 54.72; H, 4.88; 
N, 3.99. Found C, 54.45; H, 4.29; N, 4.30. 10a (X = Br): mp 
142-143 "C (ethyl acetate); IR (KBr) 3266,3074,1760 (CO), 1717 
(CO), 1659,1562,1373,1224,1073,1025,787,706 cm-'; 'H NMR 

2.12 (8,  3, CH3CO), 6.06 (brs, 1, NH), 6.65 (8,  1, CHI, 7.35-7.38 
(m, 3, ArH), 7.56-7.59 (m, 2, ArH); 'v (50 MHz) 6 20.9,23.9,25.8, 
26.3,62.9,63.0,78.2, 127.6 (2 C), 129.2, 130.1 (2 C), 134.2, 168.3, 
169.1, 196.3. Anal. Calcd for C16Hl&No C, 42.79; H, 4.26; 
N, 3.12. Found: C, 42.99; H, 4.31; N, 3.05. 

Spectral data of the compounds listed in Table 11 are as follow 
1 -Acetyl-2,2-dimet hyl-3- (2-acetoxy- 1-iodo-2-phenyl- 

ethy1idene)aziridine (sa, X = I): IR (KBr) 3290,1682,1636, 
1593,1539,1450,1363,1102,690 cm-'; 'H NMR (200 MHz)  6 1.54 

6.62 (s,1, CH), 7.34 (s,5, ArH); 13C (50 MHz) 6 13.7, 21.3, 25.6, 
27.1,71.4,72.6, 74.9, 125.8 (2 C), 127.9, 127.3 (2 C), 138.4, 159.0, 
160.5, 169.4. 

4-Acetamido- l-acetoxy-2f-dichloro-4-met hyl-l-phenyl-3- 
pentanone (loa, X = Cl): mp 47-48 "C (from ethyl acetate); 
IR (KBr) 3390,1765 (CO), 1731 (CO), 1659,1537,1373,1220 cm-'; 
'H NMR (200 MHz) 6 1.64, 1.70 (s,6, CHJ, 1.98 (8, 3, CH,CO), 
2.11 (s,3, CHSCO), 6.18 (brs, 1, NH), 6.62 (8, 1, CHI, 7.34-7.39 
(m, 3, ArH), 7.50-7.55 (m, 2, ArH); 'v (50 MHz)  6 20.8,23.5, 25.3, 
25.6,62.1, 78.0, 85.1, 127.7 (2 C), 129.2, 129.7 (2 C), 133.4, 168.4, 
169.2, 197.0. 
2-Acetamido-5-acetoxy-4,4-dibromo-2,6-dimethyl-3- hepta- 

none (lob, X = Br): mp 138-140 "C (from hexane); IR (KBr) 

(8,3, CHJ, 1.58 ( ~ ~ 3 ,  CHJ, 2.13 ( ~ ~ 3 ,  CH&O), 2.21 ( ~ ~ 3 ,  CHSCO), 

(200 MHz) 6 1.74 ( ~ , 3 ,  CHJ, 1.78 ( ~ ~ 3 ,  CH3), 1.99 (8, 3, CHSCO), 

( ~ , 3 ,  CHJ, 1-60 ( ~ ~ 3 ,  CHJ, 2.13 ( ~ $ 3 ,  CH&O), 2.21 ( ~ ~ 3 ,  CH,CO), 
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3290,1744 (CO), 1611,1539,1468,1375,1230,1044 an-'; 'H NMR 

CH,), 1.97 (s,3, CH3CO), 2.10 (s,3, CH3CO), 2.16-3.32 (m, 1, CH), 
5.54 (d, J = 3.6 Hz, 3, CHOAc), 6.22 (brs, 1, NH); 13C (50 MHz) 
6 18.4, 20.6, 21.0,22.9,23.7,26.6,27.1,31.5,62.8,64.6,80.4, 169.2, 
169.6, 196.2. 
2,S-Dihydroxy-4,4-dibromo-3-hexanone (1 1). A solution of 

2a (3.74 g, 10 mmol) and concd sulfuric acid (five drops) in aqueous 
50% ethanol (100 mL) was heated at reflux for 2 h under Ar. The 
mixture was concentrated under vacuum and taken up in ethyl 
acetate (100 mL). The organic layer was washed with 5% sodium 
hydrogen carbonate and brine, dried (Na804), and concentrated 
under vacuum. The crude products were purified by column 
chromatography (Si02, hexane-AcOEt (1:l)) to give 2.61 g (90%) 
of 11 as an oil: (nonpolar component) IR (neat) 3322 (OH), 1729 
(CO), 1456,1429,1373,1321,1116,1077,936,870,785 cm-'; 'H 

Hz, 3, CH3), 2.65 (brs, 1, OH), 2.98 (brs, 1, OH), 4.38 (q, J = 6.2 
Hz, 1, CH), 5.11 (q, J = 6.5 Hz, 1, CH); '% (126 MHz)  6 18.9,22.6, 
69.0, 72.4, 72.6, 201.8; (polar component) IR (neat) 3306 (OH), 
1723 (CO), 1454,1375,1270,1110,1081,1038,934,874,822 cm-'; 

6.8 Hz, 3, CH3), 2.58 (br, 2, OH), 4.36 (q, J = 6.2 Hz, 1 CH), 5.12 
(q, J = 6.8 Hz, 1, CH); 13C (126 MHz) 6 18.9,22.5,69.6,72.0,72.6, 
202.3. 
4-Hydroxy-2,5-dimethyl-3(2H)-furanone (Furaneol, 12). 

A solution of diol (11,1.02 g, 3.5 mmol) and triethylamine (1.06 
g, 10.5 m o l )  in ethanol (167 mL) was heated at reflux under Ar 
for 2 h. The mixture was concentrated under vacuum and dis- 
solved in ethyl acetate (100 mL). The organic layer was washed 
with brine (10 mL X 2), dried (Na804), and concentrated under 
vacuum. The crude producta were purified by column chroma- 
tography (Si02, hexane-AcOpt (1:l)) to give the furaneoll2 as 
solid: mp 77-78 OC (1it.l6* mp 77-79 "C). 
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(200 MHz) 6 0.96, 1.10 (d, J = 6.9 Hz, 6, CH3), 1.84, 1.86 (8, 6, 

NMR (500 MHz) 6 1.52 (d, J = 6.2 Hz, 3, CH3), 1.61 (d, J = 6.5 

'H NMR (500 MHz) 6 1.52 (d, J = 6.2 Hz, 3, CH3), 1.64 (d, J = 
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The synthesis and study of strained hydrocarbons has 
been an active area of organic chemistry for many years.' 
Recently, much attention has been devoted to small-ring 
propellanes, compounds in which the two bridgehead 
carbons of a bicyclo[p.q.r]alkane ring system are connected 
by a tranaanular bond. These compounds have attracted 
interest both for their unusual structural properties and 
for their synthetic utility in the generation of a number 
of novel compounds and materials.* 

(1) (a) Greenberg, A.; Liebman, J. F. Strained Organic Molecules; 
Academic Press: New York, NY, 1978. (b) Strain and Its Implications 
in Organic Chemistry; de Meijere, A., Blechert, S., Eda.; NATO AS1 
Series, Vol. 273; Kluwer Academic Publishers: Dordrecht, The Nether- 
lands, 1989. (c) See ala0 issue No. 5 of Chem. Rev. 1989,89,973-1247. 
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The smallest propellane, [l.l.l]propellane (11, was first 
prepared by Wiberg and Walker in 1982.3 This surpris- 
ingly stable, highly strained compound has found appli- 
cation in this laboratory as a building block for rigid hy- 
drocarbon rods, called staffanes, whose difunctional de- 
rivatives we have proposed for use in a molecular-size 
"Tinkertoy" construction set (Scheme I).2c3df,4 The ability 
to substitute these hydrocarbon rods laterally, via func- 
tionalization of the bicyclopentane subunits, is essential 
for the general utility of such a Tinkertoy set. The most 
convenient precursor for these laterally derivatized staf- 
fanes would be substituted [l.l.l]propelbnes. Only several 
alkyl-, vinyl-, and aryl-substituted [l.l.l]propellanes are 
k n ~ w n , ~ ' ~  and no compounds with other types of substit- 
uents have been prepared. Such compounds would allow 
much greater flexibility in the functionalization of the 
staffane rods. Additionally, these compounds might have 
interesting properties in their own right. With this mo- 
tivation, we attempted the syntheses of halogenated de- 
rivatives of [l.l.l]propellane, and here we report the ob- 
servation of the first member of the series. 

Results 
Halogenated derivatives of bicyclo[ l.l.l]pentane (2) 

were first prepared by Wiberg and Williams in 1969.' 
They found that incomplete chlorination of the parent 2 
with molecular chlorine produced a complex mixture of 
mono and dichloro derivatives in low yield (11 % 1. Use of 
larger amounts of chlorine produced polychloro com- 
pounds. Some years later it was found that chlorination 

(2) (a) Wiberg, K. B. ref 2c, p 973. (b) Greenberg, A,; Liebman, J. F. 
ref. 2a, p 343. (c) Kaszynski, P.; Michl, J. J. Am. Chem. SOC. 1988,110, 
5225. (d) Michl, J.; Kaszyneki, P.; Friedli, A. C.; Murthy, G. S.; Yang, 
H.-C.; Robineon, R. E.; McMurdie, N. D.; Kim, T. ref 2b, p 463. (e) Bunz, 
U.; Polbom, K.; Wagner, H.-U.; Szeimies, G. Chem. Ber. 1988,121,1785. 
(f) Kaszynski, P.; Friedli, A. C.; Michl, J. J. Am. Chem. SOC. 1992,114, 
601. 

(3) Wiberg, K. B.; Walker, F. H. J. Am. Chem. SOC. 1982,104,5239. 
(4) Murthy, G. S.; Hassenruck, K.; Lynch, V. M.; Michl, J. J. Am. 

(5) Szeimies, G. ref lb ,  p 361. Belzner, J.; Gareiss, B.; Polborn, K.; 

(6) Schlijter, A,-D.; Bothe, H.; Gosau, J.-M. Makromol. Chem. 1991, 

(7) Wiberg, K. B.; Williams, V. Z., Jr. J. Org. Chem. 1969, 35, 369. 

Chem. SOC. 1989,111, 7262. 

Schmid, W.; Semmler, K.; Szeimies, G. Chem. Ber. 1989,122, 1509. 

192,2497. 
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of several l,&disubstituted bicyclo[ l.l.l]pentanes could 
be achieved in high yields by irradiating these compounds 
and chlorine in either CFC13 or CCll solutions.8 In par- 
ticular, 1,3-dibromobicyclo[l.l.l]pentane was chlorinated 
to give the dichloro derivative 4 in a yield of over 80% 
(Scheme II). It appeared likely that debromination of this 
tetrahalo compound with alkyllithium compounds could 
lead to 1,l-dichloro[l.l.l]propellane (6) in a reaction 
analogous to that of the parent 3, which yields l.3.9 

We find that the reaction of 4 with 1 equiv of methyl- 
lithium at -78 "C followed by room-temperature workup 
gives only an insoluble polymer. IR spectroscopy indicates 
ita structure to be 5. In particular, an intense peak at 1203 
cm-' is assigned to the CH2 wag, characteristic of bicy- 
clo[l.l.l]pentane cages.2fJ0 Results of a more detailed 
examination of the polymer will be reported separately. 
This mode of polymerization would also be consistent with 
the alkyllithium-induced polymerization of the parent 
compound 1.2c The results indicate that the desired pro- 
pellane 6 is being formed prior to polymerization. 

It would thus appear that a direct observation of 5 might 
be possible under conditions that avoid excess methyl- 
lithium and keep the temperature low. Indeed, mixing a 
small amount of 4 and methyllithium (0.5 equiv) at -78 
O C  in THF-d8 in an NMR tube, followed by immediate 
transfer to the probe of an NMR spectrometer, showed a 
spectrum with three absorptions in addition to those of 
the starting material. These were a sharp singlet at 6 2.64, 
assigned to MeBr by comparison with the literature val- 
ue," and two broad singlets of equal intensity at 6 3.06 and 
2.26. If the solution was subsequently allowed to stand 
at room temperature for ca. 0.5 h, the two broad singlets 
gradually disappeared and numerous unidentified peaks 
between 6 2 and 5 appeared. However, if a small amount 
of I2 was added to the solution prior to warming, the two 
broad peaks disappeared immediately and another pair of 

(8)  Robinson, R. E.; Michl, J. J. Org. Chem. 1989,54, 2051. 
(9) Wiberg, K. B.; Dailey, W. P.; Walker, F. H.; Waddell, S. T.; 

Crocker, L. S.; Newton, M. J. Am. Chem. SOC. 1986,107, 7247. 
(10) (a) Murthy, G. S.; Hamrock, S. J.; Balaji, V.; Michl, J. Submitted 

for publication. (b) Obeng, Y. S.; Laing, M. E.; Friedli, A. C.; Yang, H. 
C.; Wang, D.; Thulstrup, E. W.; Bard, A. J.; Michl, J. Submitted for 
publication. 

(11) Aldrich Catalogue of NMR Spectra, Aldrich Chemical Co. Mil- 
waukee, WI, 1974. 
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Figure 1. Infrared spectrum of the argon matrix obtained from the reaction of 4 with cesium followed by trapping in an argon matrix 
at 28 K (0 indicates a new peak). 

peaks appeared at 6 3.04 and 2.61. The latter belong to 
a stable product which was isolated and identified as 
2,2-dichloro- 1 ,&diiodobicyclo [ 1.1.11 pentane (7) (Scheme 
III). These results are consistent with the assignment of 
the singlets at 6 3.06 and 2.26 to 6. 

Several reactive organic molecules, including some 
emall-ring propellanea, have been generated by the reaction 
of dihalides with sodium or potassium vapor in the gas 
phase, followed by trapping in a rare gas matrix,12 In these 
experiments it was found that alkyl iodides mixed with 
potassium vapor gave the best results. It seemed to us that 
this procedure should convert 3 to 1 and 4 to 6. Since we 
required the elimination of bromine, we chose to use the 
more reactive alkali metal cesium in this study. We first 
attempted to form the parent [l.l.l]propellane (1) by the 
gas-phase dehalogenation of the dibromo compound 3. As 
expected, mixing 3 with cesium vapor in a stream of argon 
at ca. 130 OC, followed by trapping on a CsI window at 28 
K, produced an argon matrix which was shown by IR 
spectroscopy to contain both the starting material and 1. 
Submitting the dibromo compound 4 to these reaction 
conditions gave rise to a matrix whose IR spectrum con- 
tained several new peaks in addition to starting material 
(Figure 1). The positions and intensities of these peaks 
correlated well with those predicted for 2,2-dichloro- 
[l.l.l]propellane (6) by ab initio calculations (Table I). In 
particular, the most intense stretch at 642 cm-' seems to 
be characteristic of the strained propellane ring system; 
it occurs at 605 cm-' in 1. In light of this agreement, and 
of the analogy to the behavior of the parent, there is every 
reason to believe that the new compound formed is 2,2- 
dichloro[l.l.l]propellane (6). Attempts to isolate it from 
the argon matrix were unsuccessful, probably due to the 
small amount and to the thermal instability of 6. 

Discussion 
The conversion of the dibromide 4 to the propellane 6 

promises a wide range of new oligomeric structures, likely 

(12) (a) Tseng, K. L.; Michl, J. J .  Am. Chem. SOC. 1977,99,4840. (b) 
Otteaon, D.; Michl, J. J. Or#. Chem. 1984, 49, 866. (c) Wiberg, K. B.; 
Walker, F. H.; Pratt, W. E.; Michl, J. J. Am. Chem. SOC. 1983,105,3638. 
(d) Michl, J.; Radziezewski, G. J.; Downing, J. W.; Wiberg, K. B.; Walker, 
F. H.; Miller, R. D.; Kovacic, P.; Jawdoeiuk, M.; Bonacic-Koutecky, V. 
Pure Appl. Chem. 1983,55,315. (e) Walker, F. H.; Wiberg, K. B.; Michl, 
J. J.  Am. Chem. SOC. 1982,104,2056. 

Table I. Calculated (6-31G*HF) and Experimental (Ar 
Matrix) Infrared Frequencies (Relative Intensities) 

for 6 ( c d )  

calcd expl calcd expl 
183 (0.00) 
275 (0.00) 
291 (0.00) 
383 (0.17) 
450 (0.03) 
465 (0.01) 
576 (0.05) 
612 (1.00) 
721 (0.25) 
761 (0.00) 
906 (0.69) 
920 (0.09) 
1007 (0.00) 
1028 (0.18) 

- 
- 
- 
384 (0.67) - 
- 
- 
642 (1.00) 
715 (0.44) 

893 (0.84) 
- 
- 
- 
1089 (0.40) 

1092 (0.27) 1130 (0.44) 
1102 (0.00) - 
1123 (0.11) a 
1141 (0.10) a 
1149 (0.00) - 
1188 (0.25) a 
1236 (0.32) a 
1480 (0.00) - 
1519 (0.03) 1470 (0.11) 
3028 (0.07) 2852 (0.10) 
3032 (0.08) 2917 (0.21) 
3105 (0.00) - 
3107 (0.02) - 

a Obscured by the starting material. 

to be ultimately useful for our molecular Tinkertoys. 
The close agreement of the observed and calculated IR 

spectra is gratifying. The assignment of the vibrations 
involves no surprises, and the similarity to the parent 1 
is obvious. The features of the proton NMR spectrum of 
6 are also consistent with our expectations. The broad 
singlets due to unresolved couplings are similar to those 
observed for 2,2-dichlorobicyclo[ l.l.l]pentanes, as are the 
chemical shifts? 

The calculated geometry of 6 also compares closely with 
that calculated for 1 at the same level of appr~ximation.'~ 
The central bond in 1 has a calculated length of 1.544 A, 
vs 1.559 A in compound 6. The other calculated bond 
lengtha in 6,1.502 A (Cl-C2) and 1.506 A (Cl-C4), are also 
as expected, with C 1 4 3  being slightly shorter and C 1 4 4  
being slightly longer than the corresponding bond in 1, 
1.503 A (C142). The H-C-H bond angles are calculated 
to be somewhat smaller in 6 than in I, 114.7' vs 118.7O, 
respectively. This reflects the close interaction between 
the chlorine and the hydrogen on the neighboring carbon 
atom (2.540 A). 

Our inability to convert 4 into 6 with methyllithium in 
greater than 50% yield is not surprising. One would expect 
6 to be more reactive toward addition of alkyllithium 

(13) Balaji, V.; Michl, J. Pure Appl. Chem. 1988, 60, 189. 
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compounds than the parent 1 due to the stabilizing effect 
of the chlorine6 on the intermediate bridgehead anion. 
More unexpected than the reactivity of 6 toward me- 
thyllithium is its thermal instability in THF solution in 
the absence of excess methyllithium. The radical inter- 
mediates usually associated with spontaneous polymeri- 
zation of propellane should be destabilized by the sub- 
stitution of chlorine on the bridges. Actually, the disap- 
pearance is clearly not due entirely to a clean polymeri- 
zation to a bicyclo[l.l.l]pentbased polymer and seems 
to yield a complex mixture. One possible explanation for 
these results is suggested in Scheme IV. It is based on 
analogy to the proposed mechanism of the spontaneous 
rearrangement of 9,9-dichlor0[4,3,1]propell-&ene 8 to the 
bridgehead olefin 9,14 which is complete within a few 
minutes in polar solvents. The rearrangement of 6 could 
yield 10, but one might also envision other modes of de- 
composition of the intermediate cation. Force field cal- 
culations suggeat similar strain in compounds 9 and 10 (OS 
= 21.6 and 21.0, respectively),ls so that the formation of 
the remarkable structure 10 is not totally unrealistic. A 
halogenated [l.l.l]propellane has been proposed as a 
possible starting material for a bridgehead olefin such as 
10.18 

Experimental Section 
General. Compounds 39 and S8 were prepared by literature 

procedures. Matrix isolation was done with an Air Products 
CSA-202 Displex closed-cycle cryostat equipped with two CsI 
windows, one quartz window, and a gas inlet on the vacuum 
shroud. Argon was deposited onto a CsI window cooled to 28 K 
at a rate of ca. 0.2 mmol/min through a needle valve. Vacuum 
waa maintained at lob-104 Torr. After the matrices were cooled 
to 12 K, IR spectra were measured on a Nicolet 60-SX, 510, or 
800 spectrophotometer. NMR spectra were taken on either a 
Bruker WP-250 or a Varian 300 spectrometer. Solvents were 
purified by standard procedures." 

Reaction of 4 with 1 equiv of Methyllithium (Room-Tem- 
perature Workup). Formation of Poly-23-dichloro[ 1.1.11- 
propellane (5). Compound 4 (0.041 g, 0.14 "01) was dissolved 

(14) Warner, P. M.; LaRose, R. C.; Palmer, R. F.; Lee, C.-M.; Roee, D. 

(15) M e r ,  W. F.; Schleyer, P. v. R J. Am. Chem. SOC. 1981,103,1891. 
(16) Warner, P. M. ref 2c, p 1067. 
(17) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory 

0.; Clardy, J. C. J .  Am. Chem. Soc. 1975,97,5507. 

Chemicals, 3rd ed.; Pergamon Press: New York, 1988. 

1 

- DIMER 

10 

in 1 mL of dry ether. The resulting solution was cooled to -78 
OC, and 0.1 mL of 1.4 M MeLi in ether was added. The solution 
was stirred for 1.5 h and warmed to room temperature. Thii 
produced a white precipitate. No volatile material was detected 
by gas chromatographic analysis of the remaining solution. The 
precipitate was washed with ether and then water and then dried 
to give 0.016 g (85%) of a polymer: IR (KBr) 3020 (81, 2973 (81, 
2924 (e), 2871 (m), 1203 (81, 1016 (a), 904 (81, 973 (m) 849 (vs) an-'. 

Reaction of 4 with 0.5 equiv of Methyllithium at -78 OC 
and Trapping of 6 with Is. 23-Dichloro-l,&Diiodobicyclo- 
[l.l.l]pentane (7). Compound 4 (0.084 g, 0.28 mmol) was dis- 
solved in 5 mL of dry ether. The solution was cooled to -78 OC, 
and 0.2 mL of 1.4 M MeLi in ether was added. The resulting 
solution was stirred an additional 30 min and then warmed to 
-30 OC for 5 min. The solution was again cooled to -78 OC, and 
I2 (0.100 g, 0.39 mmol) in 1 mL of ether was aqded, followed by 
warming to room temperature. GC analysis of the resulting 
mixture showed equal amounts of two compounds, the starting 
material 4 and compound 7. The latter was isolated as a colorlees 
solid by preparative GC (1.5 ft 25% carbowax column, 80 OC to 
175 "C) in 18% yield IR (neat) 2971 (w), 2955 (w), 1182 (e), 1022 
(m), 928 (a), 884 (8) cm-'; 'H NMR (250 MHZ, CDClJ 6 3.04 (dd, 
J = 1.57,0.72 Hz), 2.61 (dd, J = 1.57,0.72 Hz) ppm; 13C NMFt 
(50 MHz,  CDCl,) 6 98.50,60.38,13.04 ppm; EIMS m/z  261 (M+ 

for C5H4C1212: C, 15.45; H, 1.04; C1, 18.28; I, 65.28. Found: C, 
15.55; H, 1.05; C1, 18.29; I, 65.03. 

Reaction of 4 with Methyllithium at -78 OC. NMR Ob- 
servation of 23-Dichloro[ l.l.l]propellane (6). Methyllithium 
(0.1 mL, 1.4 M) was placed in a screw-cap NMR tube, and the 
ether was removed by first wing a stream of dry nitrogen over 
it followed by brief exposure to vacuum. THF-d8 was added, 
giving a clear solution. The solution was then cooled to -78 "C, 
and a solution of compound 4 (0.025 g, 0.08 mmol) in 0.5 mL of 
THF-d8 was added slowly. The sample was placed in the probe 
of an NMR spectrometer, and spectra were taken while it was 
allowed to warm to room temperature. The NMR spectrum 
showed three new absorbances, a sharp singlet at  6 2.64, assigned 
to MeBr, and two broad singlets of equal intensity at  6 3.06 and 
2.26. Addition of a small crystal of I2 caused the immediate 
disappearance of the two broad singlets and gave rise to the 
spectrum of compound 7. If the I2 was not added, the two broad 
peaks disappeared in ca. 0.5 h, giving rise to numerous very small 
peaks between 6 2 and 5. 

Reaction of Compound 4 with Cs in the Gas Phase: Ob- 
servation of 6 by FTIR in an Argon Matrix. The reaction 
vessel was similar to those previously described.12 The reaction 
zone consisted of a 1-in.-diameter glass tube about 5 in. long which 
was wrapped in heating tape and heated to ca. 130 OC. The 
temperature was monitored with a thermocouple mounted under 
the heating tape in the middle of the tube. Compound 4 was 

- I), 225,186,165,134 (M+ - 21), 127 (I+), 99,73. Anal. Calcd 
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sublimed at room temperature into the hot zone, concurrent with 
Cs, which was held at a temperature of ca. 100-110 "C. Argon 
flow waa controlled by a needle valve (0.2 mmol/min). The 
mixture depoeited onto a CsI window held at  28 K. The matrim 
were a transparent, deep-sea blue. 

&action of Compound 3 with CB in the Gas P h a ~ :  Ob- 
servation of 1 by FTIB in an Argon Matrix. This reaction 
was carried out in easexitially the same manner 88 with 4, the main 
difference being that the dibromo compound 3 was mixed with 
the argon in a 500:l ratio prior to deposition. 

Computations. Ab initio SCF calculations were carried out 
on IBM Rs6oo0/540 and 6OOO 550 computers using the GAUSSIAN 

were done at  the restricted Hatree-Fock level on optimized ge- 
ometries, using a 631G* basis set. The standard 0.9 multiplicative 
correction factor was used. 
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Epoxides are important starting materials and inter- 
mediatea in organic synthesis because of their ready aweas 
and their high reactivity toward nucleophiles. The 
emergence of the Sharpless epoxidation procedure has 
increased the importance of these electrophiles by pro- 
viding a route to 2,3-epoxy alcohols of high enantiomeric 
purity? Development of synthetic methods allowing re- 
gioselective ring opening of 2,3-epoxy alcohols by a wide 
range of nucleophiles further enhances the utility of ep- 
oxides in organic synthesis.' While investigating the re- 
giochemistry of Lewis acid promoted organocuprate ad- 
dition to trimethylacetate-protected 2,3-epoxy alcohols,5 

(1) Alfred P. Sloan Foundation Fellow, 1987-1991. 
(2) National Inetituta of Health Postdoctoral Fellow, 1991-1993. 
(3) (a) Caron, M.; Sharpless, K. B. J. Org. Chem. 1986,50,1560. (b) 

Chong, J. M.; Sharpleas, K. B. J. Org. Chem. 1985,50,1563. (c) Kabuki, 
T.; Sharpless, K. B. J. Am. Chem. SOC. 1980, 102, 5974. (d) Gao, Y.; 
Klunder, J. M.; H a " ,  R. M.; Maeamune, H.; KO, S. Y.; Sharpless, K. 
B. J. Am. Chem. SOC. 1987,109,5765. (e) Roseiter, B. E. In Asymmetric 
Synthesis; Morrieon, J. S., Ed.; Academic Prese: New York, 1985; Vol 
5. 
(4) Hanson, R. M. Chem. Rev. 1991,91,437-475. 

we encountered an intriguing reaction providing products 
in which an unusual migration of the ester moiety6 had 
occurred following the regiaepecific addition of the cuprate 
to C-3 of 2,3-epoxy alcohol pivaloylates. Further inves- 
tigation of thie unexpected result has shown that this re- 
action is synthetically useful and provides a convenient 
protocol for the direct, regioselective preparation of an 
important class of monoprotected 1,a-diols that are only 
difficulty accessed by more traditional means. 

At the outaet of our investigations trans-3-propyl- 
oxiranemethanol trimethylacetate (1) was added to a so- 
lution of Bu&uLi/TMSOTf (2.41.2 equiv relative to 1) 
in &O at -78 OC. After stirring for 30 min at -78 OC and 
then a t  room temperature for 30 min, the reaction was 
quenched with aqueous NH4C1/NH40H (101). Utilizing 
this protocol le was isolated as the major product, with 
the ester moiety residing on the secondary carbon. The 
transesterification was shown to be under thermodynamic 
control as the "unrearranged" addition product (If) pre- 
dominated when the reaction was quenched at -78 OC (eq 
1). 

ppr*;\ 2 4 equw R B U ~ C U L ~  
0 n-PI, OH - a P r .  O K ,  Bu + 

n - B u h  OH 

rcoK'B" (0 
)L 0 1 2 equw TMSOTf 

I Bu EI20. -78'C 0 

1 room temp. quench: 1.: 73% I f .  c 5 %  

-78'C quench: UndEtecled (4%) 72% 

The selectivity for acylation of the secondary alcohol in 
preference to the primary alcohol is reminiscent of the 
dibutyltin-promoted monoacylation of l,%diols reported 
previously by Roelens and ~o-workers.~ However,. given 
the uncertainty of the role that the trialkylsilyl trfflates 
play in the present reaction? a mechanistic rationale for 
the observations reported is difficult. It would seem rea- 
sonable that the usual intramolecular acyl migration 
through a dioxolanyl intermediate is operational in these 
transformations.@ Thus, the primary alkoxide generated 
in this equilibrium process could be preferentially trapped 
by an electrophile (R,SiOTf), shutting down the intra- 
molecular acyl migration and leaving the carboxylate at 
the secondary alcohol center. However, all efforts to trap 
silyl ether products have failed, even in those instances 
where t-BuMe&OTf was utilized as the electrophile under 
conditions where these protected alcohols were stable.1° 
Consequently, no evidence exists to document such a 
proposed mechanism. 

(5) For tome examplea of organocuprate additions to epoxides, see: (a) 
Lipshutz, B. H.; Kozlowski, J.; Wilhelm, R. 5. J. Am. Chem. SOC. 1982, 
104,2305. (b) Ale&, A.; Jachiet, D.; Normant, J. F. Tetrahedron 1986, 
42,5607. (c) Lipshutz, B. H.; Wilhelm, R. S.; Kozloweki, J. A.; Parker, 
D. J. Org. Chem. 1984,49,3928. (d) Kurth, M. J.; Abreo, M. A. Tetra- 
hedron Lett. 1987,28,5631. (e) Kurth, M. J.; Abreo, M. A. Tetrahedron 
1990,46,5085. (f) Lipshutz, B. H.; Sengupta, S. Org. React. 1992,41,135. 
(6) (a) Hatch, G. B.; Adkine, H. J. Am. Chem. SOC. 1937,59,1694. (b) 

Sugihara, J. M. Adu. Carbohydr. Chem. Biochem. 1953,8,1. (c) Lemieux, 
R. U. In Molecular Reamngemente; deMayo, P., Ed.; Interscience: New 
York, 1964; Vol. 2. (d) Acheson, R. M. Acc. Chem. Res. 1971, 4, 177. 
(7) Ricci, A.; Roelens, S.; Vannucchi A. J. Chem. SOC., Chem. Com- 

mun. 1985, 1457. 
(8) (a) Lipshutz, B. H.; Ellsworth, E. L.; Siahaan, T. J.; Shirazi, A. 

Tetrahedron Lett. 1988,29,6677. (b) Lipshutz, B. H.; Ellsworth, E. L.; 
Dimock, S. H.; Smith, R. A. 9. J .  Am. Chem. SOC. 1990,112,4404 and 
references cited therein. 

(9) McClellend, R. A.; Seaman, N. E.; Cra",  D. J. Am. Chem. SOC. 
1984,106,4511. 
(10) For example, the reaction of 1 with Me2CuLi/t-BuMe&OTf 

provides 57% of la and <5% of lb. Furthermore, we have found that 
the tert-butyldimethylsi-protected alcohol of la b stable to the reaction 
and workup conditions for this reaction. Thus, a sample of this protected 
alcohol was recovered to the extent of 86% when it was present during 
the reaction between substrate 1 and Me&uLi/t-BuMeiOTf. Products 
la and lb were isolated in similar yields regardless of the presence (or 
absence) of the tert-butyldimethylsilyl-protected form of la. 
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