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25 mg (70%) of 18: 'H NMR (CDC13) 6 1.32-1.95 (4 H, m), 
2.0-2.50 (1 H, br d), 2.97-3.18 (2 H, m), 3.20-3.94 (3 H, m), 5.14 
(2 H, s), 7.35 (5 H, s); IR (neat) (cm-') 3350,3050,2950,1700,1530. 
Anal. Calcd for Cl3Hl7NO3: C, 66.38; H, 7.23; N, 5.96. Found: 
C, 66.13; H, 7.38; N, 5.85. 

(S)-(-)-3-Piperidinol (1). Method A. To 15 mL of a 1 M 
solution of diborane in hexane was added 10 mL of dry tetra- 
hydrofuran. The solution was cooled to 0 'C under argon, and 
a suspension of (S)-5-hydroxy-2-piperidinone (7) (0.50 g) in 15 
mL of dry tetrahydrofuran was added slowly with stirring. The 
mixture was then heated to reflux under an argon atmosphere 
for 2 h. After cooling to room temperature, the reaction mixture 
was treated with 2.5 mL of cold 6 N hydrochloric acid and the 
volatile components were removed in vacuo. The residue was 
dissolved in 10 mL of water, and the aqueous solution was sat- 
urated with solid sodium hydroxide and extracted with ethyl 
acetate (3 X 50 mL). The organic extracts were dried (Na2S04) 
and evaporated in vacuo. The residual oil was purified by 
chromatography using chloroform/methanol (7:3) as the elutant 
to yield 0.30 g (68%) of 1. The 'H NMR spectrum of 1 was 
identical with that of racemic 3-piperidinol (Aldrich Chemical); 
[ C Y ] ~ ~ D  -7.4' (c 0.4, CH,OH) [lit.' -7.5' (c 2, CH30H)]. 

Method B. To a solution of 30 mg of (S)-N-[(benzyloxy)- 
carbonyl]-3-piperidinol (18) dissolved in 10 mL of ethanol was 
added 3 mg of 10% palladium on carbon. The mixtwe was shaken 
overnight a t  50 psi of hydrogen gas on a Parr hydrogenator. The 
reaction mixture was filtered through a Celite pad, and the pad 
was washed with ethanol. The filtrate and washings were evap- 
orated in vacuo to yield 13 mg (100%) of 1, which was identical 
in all respects with that reported8 from the mass spectral data 
for this compound mass spectrum, m / e  44 (base peak), 56,57, 
70, 100, 101, 102. 

Acknowledgment. Support of this research by the 
National Institutes of Health (National Cancer Institute, 
Grant CA 22922) is gratefully acknowledged. 

(8) Budzikiewicz, H.; Grotjahn, L. Tetrahedron 1972, 28, 1881. 

Preparation of 
(3aa,6aa)- 1',3-Dibenzylhexahydro- 1H-t hieno[ 3,4-d ]- 

imidazol-2(3H)-one: A Key Biotin Intermediate 

Hans Aaron Bates,* Lloyd Smilowitz, and James Lin 

Department of Chemistry, State University of New York at 

Received June 25, 1984 

The vitamin biotin (l), which is prepared commercially 
by total synthesis,' has been the target of several ingenious 

Stony Brook, Stony Brook, New York 11794-3400 

1, Biotin 2 

syntheses.2 Our retrosynthetic analysis of biotin suggested 
that the abundantly available 2,5-dihydrothiophene 1,l- 

(1) Goldberg, M. W.; Sternbach, L. H. U. S. Pat. 2489232 and 
2489235, 1949; Chem. Abstr. 1951,45, 184b, 186g. 

(2) For recent syntheses and leading references, see: Volkmann, R. A.; 
Davis, J. T.; Metz, C. N. J.  Am. Chem. SOC. 1983, 105, 5946. Baggiolini, 
E. G.; Lee, H. L.; Pizzolato, G.; UskokoviE, M. R. J.  Am. Chem. SOC. 1982, 
104, 6460. Rossy, P.; Vogel, F. G. M.; Hoffmann, W.; Paust, J.; 
Nurrenbach, A. Tetrahedron Let t .  1981,22,3493. Whitney, R. A. Can. 
J. Chem. 1981,59,2650. Confalone, P .  N.; Pizzolato, G.; Lollar Confalone, 
D.; UskokoviC, M. R. J. Am. Chem. SOC. 1980, 102, 1954. Fliri, A.; Ho- 
henlohe-Oehringen, K. Chem. Ber. 1980, 113, 607. 
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dioxide (2) might serve admirably as the ultimate starting 
material in a practical synthesis of biotin. Previous in- 
vestigators with similar intentions have prepared 
(6aa,3aa)-hexahydro-lH-thieno[ 3,4-d] imidazol-2(3H)-one 
(3) from 2,5-dihydrothiophene 1,l-dioxide (2)3~4 but have 
not reported further progress in conversion of 3 into biotin 
(1).  When we prepared 3,4,5 we found that it was re- 
markably insoluble in organic solvents compatible with 
reduction of sulfone 3 to the corresponding s~lfide.~. '  In 
order to gain increased organic solubility, 3 was N- 
benzylated (Scheme I) with a large excess of benzyl 
bromide in aqueous sodium hydroxide to afford 4 in 95% 
yield.8-10 

A shorter alternative synthesis of 4 was concurrently 
pursued. As shown in Scheme 11, 2,5-dihydrothiophene 
1,l-dioxide (2) may easily be brominated to afford di- 
bromide 5." Dehydrobromination of 5 generated the 
unisolable thiophene 1,l-dioxide (6),12J3 which reacted 

(3) Ellis, F.; Sammes, P. G. J. Chem. SOC., Perkin Trans. 1 1972,2866. 
(4) Ohba, K.; Kitahara, T.; Mori, K.; Matsui, M. Agric. Biol. Chem. 

1974. 38. 2431. Ger. Offen. 2534962: Chem. Abstr. 1976. 85. 33009t. 
(5) Ohba, K.; Mori, K.; Kitahara, T.'; Kitamura, S.; Matsui, M. Agric. 

(6) Takaya, T.; Yoshimoto, H.; Imoto, E. Bull. Chem. SOC. Jpn.  1967, 
Biol. Chem. 1974, 38, 1679. 

(7) Baker, B. R.; Querry, M. V.; Safir, S. R.; McEwen, W. L.; Bernstein, 

(8) Corfield, G .  C.; Crawshaw, A.; Monks, H. H. J .  Macromol. Sci., 

(9) Reuschling, D.; Pietsch, H.; Linkies, A. Tetrahedron Let t .  1978, 

S. J. Org. Chem. 1947, 12, 174. 

Chem. 1975, A9, 1085. 

fil5 -_-. 
(10) Curran, W. V.; Angier, R. B. J .  Org. Chem. 1966, 32, 201. 
(11) Bailey, W. J.; Cummins, E. W. J. Am. Chem. SOC. 1954, 76, 1932. 
(12) Ellis, F.; Sammes, P. G.; Hursthouse, M. B.; Neidle, S. J .  Chem. 

(13) Prochitzka, M.; Horlk, V. Collect. Czech. Chem. Commun. 1959, 
SOC. Perkin Trans. 1 1972, 1560. 
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prepared via independent s y n t h e s i ~ . ~ ~ ? ~ ~  

Experimental Section 
(3acu,6acu)-1,3-Dibenzylhexahydro-lH-thieno[3,4-d]- 

imidazol-2(3H)-one 5,5-Dioxide (4). A mixture of 
(3aa,6a(u)-lH-thieno[3,4-d]imidaz01-2(3H)-one 5,5-dioxide (3)4 (500 
mg, 2.85 mmol), water (8.5 mL), aqueous 8.4 M NaOH (3.4 mL, 
28.5 mmol, 1000 mol %), and benzyl bromide (12.4 mL, 19.5 g, 
114 mmol, 4000 mol %) was vigorously stirred and refluxed for 
24 h. The product was extracted with three portions of CH2Clz. 
The resulting oil was treated with ether, and the white precipitate 
(963 mg, 95 %) was collected by filtration: mp 174-176 "C (lit.'* 
mp 184 "C); IR (KBr) 1695 cm-'; mass spectrum, m / e  (relative 
intensity) 356 (12)) 265 (51), 201 (7), 132 (31), 91 (100); 'H NMR 
(CDClJ 6 2.98 (4 H, m), 4.10 (2 H, m), 4.21 (2 H, d), 4.66 (2 H, 

(d), 127.73 (d), 128.43 (d), 128.85 (d), 137.60 (s), 160 (s). Anal. 
Calcd for C19H20Nz03S: C, 64.02; H, 5.66. Found: C, 63.99; H, 
5.77. 

cis - and trans -N,N-Dibenzyltetrahydrothiophene-3,4- 
diamine 1,l-dioxide (7 and 815J4 were prepared from 3,4-di- 
bromotetrahydrothiophene 1,l-dioxide (5)" and separated by 
chromatography on silica gel with ether-benzene-pyridine 
(50:50:1). The faster eluting compound was cis diamine 7: mp 
105-106 "C (lit.14 mp 111-111.5 "C); 'H NMR (CDCl,) 6 2.0 (2 
H, s), 2.9-3.4 (6 H, m), 3.54 (4 H, AB quartet), 7.13 (10 H, s). The 
slower eluting compound was trans diamine 8: mp 106-107 "C 
(lit.5 mp 109-110.5 "C; lit.14 mp 114-115 "C); 'H NMR (CDC1,) 
6 1.8 (2 H, e.), 2.5-3.4 (6 H, m), 3.58 (4 H, s), 7.13 (10 H, s ) . ~  

(3aa,6a(u)- and (3aa,6aj3)-1,3-Dibenzylhexahydro-lH- 
thieno[3,4-d]imidazol-t(3H)-one 5,CDioxide (4 and 9). A 2:l 
mixture of trans and cis diamines 8 and 7 (3.54 g, 10.7 mmol) 
dissolved in CHzClz (45 mL) and Et3N (4.4 mL, 31.5 mmol, 294 
mol %) at 0 "C was treated with phosgene in CHPC12 (5.5 mL of 
3.85 mg/mL, 2.12 g, 2.14 mmol, 200 mol %). After 15 min a t  0 
"C, the phosgene and CHZCl2 were evaporated. The residue was 
treated with water a t  50 "C for 5 min and extracted with three 
portions of CHzC12 to give a mixture of 4, 9, and 10 (3.66 g). 

The mixture was recrystallized from hot chloroform (25 mL) 
to afford cis urea 4 (1.38 g, 36 % yield) as a white crystalline solid: 
mp 176179 "C (lit.14 mp 184 "C). A quantitative yield of cis urea 
4 was obtained when pure cis diamine 7 was treated with phosgene. 

The above filtrate was recrystallized from hot benzene-hexanes 
(2:l) to afford trans urea 9 (2.0 g, 53% yield) as a white solid mp 
144-147 "C; IR 1730 cm-'; mass spectrum, m / e  (relative intensity) 
356 (6), 265 (19), 201 (6), 132 (14), 91 (100); 'H NMR (CDCl,) 
6 3.0 (6 H, m), 4.16 (2 H, d), 4.61 (2 H, d), 7.26 (10 H, s); 13C NMR 

(d), 135.62 (s), 162.62 (s). Anal. Calcd for CI9HmN2O3S: C, 64.02; 
H, 5.66. Found: C, 64.09; H, 5.71. 

trans -N,N-Dibenzyltetrahydrothiophene-3,4-dicarbamoyl 
Chloride 1,l-Dioxide (10). Chromatography of the mother liquor 
from the second recrystallization on silica gel with CH2C12-EtOAc 
(982) afforded a small amount of dicarbamoyl chloride 10. Pure 
8 afforded a mixture of 9 and 10: mass spectrum, m / e  (relative 
intensity) 265 (0.2), 197 (3), 195 (lo), 116 (17), 91 (100); mp 87-90 
"C; 'H NMR (CDCI,) 6 2.9 (2 H, m), 3.35 (2 H, m), 4.36 (2 H, d), 
4.86 (2 H, d), 4.95 (2 H, m), 7.31 (10 H, m); 13C NMR (CDCl,) 
b 51.47 (t), 56.28 (t), 57.11 (d), 127.31 (d), 128.91 (d), 129.35 (d), 
134.07 (s), 149.66 (s);~' IR (KBr) 1735 cm-'. Anal. Calcd for 
CZoHzoN2O4SCl2: C, 52.75; H, 4.43; N, 6.15. Found: C, 52.37; H, 
4.30; N, 5.94. 

(3a,6acu)- 1,3-Dibenzylhexahydro- la - th ieno[  3,4-d 1- 
imidazoL2(3H)-one ( 1  l).14J5 To a vigorously stirred suspension 
of sulfone 4 (736 mg, 2.07 mmol) in anhydrous ether (15 mL) was 
added a freshly prepared solution of LAH in anhydrous ether (22.9 
mg/mL, 7.5 mL, 172 mg, 4.52 mmol, 219 mol %) a t  0 OC over 5 
min. The mixture was stirred 15 min a t  0 "C and 15 min at  20 

d), 7.27 (10 H, 8) ;  "C NMR (CDC13) 6 46.25 (t), 52.35 (t), 53.02 

(CDCl3) 6 49.35 (t), 57.03 (t), 58.57 (d), 128.24 (d), 128.52 (d), 128.88 
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further with benzylamine to yield a 1:2 mixture of cis 
diamine 7 and trans diamine 8.5J1912J4 After careful sep- 
aration by chromatography, cis diamine 7 affords 4 in 
essentially quantitative yield.'4Js Unfortunately, this route 
to 4 involves an impractical chromatographic separation. 

To improve the practicability of this approach, we de- 
cided to take advantage of the expected difference in the 
reactivity of cis and trans diamines 7 and 8, respectively, 
with phosgene.'J6 In practice, however, 8 reacted rapidly 
with excess phosgene to generate a mixture of trans-fused 
urea 9, and a small amount of dicarbamoyl chloride 10. 
Several trans-fused 3-thiabicyclo[3.3.0]octanes, known to 
be less strained than the corresponding carbocycles,"J8 
have previously been r e p ~ r t e d . ~ ~ ~ J ~ J ~ ~ ~ ~  Fortunately, 
however, the solubility properties of ureas 4 and 9 were 
quite different. Accordingly, we treated the crude mixture 
of cis and trans diamines 7 and 8 with phosgene and ob- 
tained pure 4 in 36% yield by simple crystallization. 

We were now in a position to examine the reduction21-23 
of sulfone 4 to sulfide 11 (Scheme III). Lithium aluminum 
hydride reduction of 4 had previously been reported 
without details.14J5 Best yields of 11 were obtained with 
highly active LAH in ether between -15 and 0 "C. Slightly 
deactivated LAH failed to reduce 4 even though it did 
reduce ketones and esters. Attempted reduction in THF 
afforded a complex mixture of products and starting ma- 
terial. Use of excess LAH or higher temperatures gave 
concomitant reduction of the urea to afford 12. Inter- 
estingly, an attempt to reduce 4 with Dibah, a reagent 
recommended for sulfone reduction,24 reduced the urea 
moiety rather than the sulfone, producing 13. 

The physical and spectral properties of 11, which has 
been converted into biotin by alkylation of the corre- 
sponding sulfoxide,25 matched those of an authentic sample 

(14) Kotake, H.; Inomata, K.; Murata, Y.; Kinoshita, H.; Katauragawa, 
M. Chem. Lett. 1976,1073. 

(15) Recently a six-step conversion of 2 to 4 was published Kinoshita, 
H.; Futagami, M.; Inomata, K.; Kotake, H. Chem. Lett. 1983, 1275. 

(16) Smith, P. A. S. "The Chemistry of Open-Chain Organic Nitrogen 
Compounds"; W. A. Benjamin: New York, 1965; Vol. 1, p p  262-265. 

(17) Eliel, E. L.; Allinger, N. L.; Angyal, S. J.; Morrison, G. A.; 
'Conformational Analysis"; American Chemical Society: Washington, 

(18) Paquette, L. A. Top. Curr. Chem. 1979, 79, 40. 
(19) Harris, S. A.; Mozingo, R.; Wolf, D. E.; Wilson, A. N.; Folkers, K. 

(20) Khaskin, G. I.; Bezmenova, T. E.; Dul'nev, P. G. Chem. Hetero- 

(21) Bordwell, F. G.; McKellin, W. H. J. Am. Chem. SOC. 1951, 73, 

(22) Weber, W. P.; Stromquist, P.; Ito, T. I. Tetrahedron Lett. 1974, 

(23) Whitney, T. A.; Cram, D. J. J. Org. Chem. 1970, 35, 3964. 
(24) Gardner, J. N.; Kaiser, S.; Krubiner, A.; Lucas, H. Can. J. Chem. 

DC, 1981; pp 226-228. 

J. Am. Chem. SOC. 1945,67, 2102. 

cycl. Comp. USSR 1982, 246. 

2251. 

2595. 

1972,51, 1419. 

(25) Lavielle, S.; Bory, S.; Moreau, B.; Luche, M. J.; Marquet, A. J .  
Am. Chem. SOC. 1978, 100, 1558. Bory, S.; Luche, M. J.; Moreau, B.; 
Lavielle, S.; Marquet, A. Tetrahedron Lett. 1975, 827. 

(26) For an independent synthesis see: Rao, A. V. R.; Ravindranathan, 
T.; Hiremath, S. V.; Reddy, D. R. Indian J. Chem. 1983,228, 419. 

(27) For NMR of a carbamoyl chloride, see: Rabiller, C.; Renou, 
J. P.; Martin, G. J. J. Chem. SOC., Perkin Trans. 2 1977, 536. 
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OC, cooled to  0 OC, and quenched with water (0.17 mL), 15% 
NaOH (0.17 mL), and water (0.51 mL). The aluminum salts were 
removed by filtration and rinsed with ether (2 X 20 mL). The 
combined filtrate afforded the crude product which was redis- 
solved in benzene (10 mL) and washed 3 times with 1 M HCl. 
The benzene layer residue was dissolved in a minimum quantity 
of CHzClz and ether was added to afford a precipitate of 11 (402 
mg, 60% yield), spectroscopically and chromatographically 
identical with an independently prepared sample:% mp 108-110 
"C (lit. mp 110-111 "C,14 125 "Cza); 'H NMR (CDCl,) 6 2.70 (4 
H, m), 3.98 (2 H, m), 4.17 (2 H, d), 4.75 (2 H, d), 7.27 (10 H, s);% 
13C NMR (CDCl,) 6 159.5, 137.4, 128.8, 128.3, 127.7, 61.4, 46.5, 
37.5. 

The aluminum salts were further extracted 3 times with CH2C12 
to afford the starting material (140 mg, 19% recovery) which could 
be recrystallized from hot chloroform and recycled. 

(3aa,6acu)-1,3-Dibenzylhexahydro-lH-thieno[3,4-d]- 
imidazole (12). The combined HCl phase was basified with 
NaOH and extracted 3 times with CHZCl2. The organic phase 
was dried and evaporated to afford overreduced product 12 (90 
mg, 14% yield): mp 48-50 "C; mass spectrum, m / e  (relative 
intensity) 310.1512 (12, M'; calcd m / e  310.1506), 309 (47), 219 
(4), 91 (100); lH NMR (CDCl,) 6 2.55 (4 H, m), 3.02 (1 H, d, J 
= 5 Hz), 3.42 (2 H, m), 3.64 (4 H, s), 3.94 (1 H, d, J = 5 Hz), 7.25 
(10 H, s); 13C NMR (CDCl,) 6 37.69 (t), 58.00 (t), 72.03 (d), 77.91 
(t), 127.23 (d), 128.22 (d), 129.04 (d), 138.11 (9). 

(3aa,6aa)- 1 ,3-Dibenzylhexahydro-  1H- th ieno[  3,4-d 1- 
imidazole 5,5-Dioxide (13). Reduction of 4 in CHZClz with Dibah 
(460 mol %) in toluene for 14 h, followed by quenching with HCl, 
afforded crude product which was purified by chromatography 
on silica gel eluted with CHZClz-EtOAc (955) to afford the product 
as a white solid (35 mg, 62% yield): mp 107-111 "C; IR (KBr) 
3000 cm-'; mass spectrum, m / e  (relative intensity) 342.1398 (4, 
M+; calcd m / e  342.1404), 341 (16), 251 (13), 146 (23), 91 (100); 
'H NMR (CDCI,) 6 2.81 (4 H,  m), 3.19 (1 H, d, J = 5 Hz), 3.45 
(2 H, m), 3.64 (4 H, AB quartet), 3.99 (1 H, d, J = 5 Hz), 7.26 
(10 H, s); 13C NMR (CDC13) 6 55.36 (t), 57.46 (t), 62.27 (d), 76.54 
(t), 127.76 (d), 128.55 (d), 128.89 (d), 137.29 (9). 
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It is widely accepted that the initial attack of ozone at 
a sterically unhindered alkene proceeds via a concerted 
1,3-dipolar cycloaddition.' The recent observation of an 
inverse kinetic secondary isotope effect (KSIE, kH/kD 
0.88) for the reaction between O3 and CH3CD=CH2 or 
CH3C=CHD lent support to this picture and indicated 
that both carbon atoms at the double bond are significantly 
perturbed in the transition state.2 

(1) See the following for reviews on this subject: (a) Bailey, P. S. 
"Ozonation in Organic Chemistry"; Academic Press: New York, 1978 Vol 
1. (b) Kuczkowski, R. L. '1,3-Dipolar Cycloaddition of Ozone and Car- 
bonyl Oxides"; Padwa, A. W., Ed.; Wiley: New York, 1984. 

(2) Choe, J.-I.; Srinivasan, M.; Kuczkowski, R. L. J .  Am. Chem. SOC. 
1983, 105, 4703. 

Table I. Kinetic Secondary Isotope Effect for the Addition 
of Ozone to Styrene and p-Nitrostyrene in CCl, at 25 "C 

mixture runs kH/kDa 
styrene-do/styrene-a-dl 7 0.93 f 0.02 
styrene-do/styrene-@-d2 7 0.93 f 0.02 
p-nitrostyrene-do/p-nitrostyrene-a-d, 4 0.91 f 0.04 
p-nitrostyrene-do/p-nitrostyrene-@-d2 4 0.94 f 0.01 

a Per deuterium basis. 

There have been several previous deuterium KSIE 
studies of addition reactions to styrene resulting in normal, 
inverse, or negligible isotope effects at C, and C, depending 
on the reaction system (p~lymerization,~ (2 + 2) cyclo- 
addition: ep~xidat ion,~ acid-catalyzed hydration: elec- 
trophilic addition of  halogen^,^ addition of methyl radical? 
or oxidation by chromyl chlorideg). A particularly curious 
result was the inverse isotope effect observed at  C, and 
the normal effect a t  C, for the concerted (2 + 2) cyclo- 
addition between styrene and di~henylketene.~ Oxidation 
reactions of styrene derivatives with m-chloroperbenzoic 
acid? chromyl chloride: and cytochrome P-450 rat liver 
microsomes5b also show different KSIE at C, and C,. In 
the first two systems there is a 9-12% inverse KSIE at C, 
and a negligible effect a t  C,. In the third system, there 
is a 7% inverse effect a t  C, and negligible effect at C,. 
Since styrene derivatives have proven to be a sensitive 
probe of the transition state in cycloaddition and oxidation 
reactions, we decided to investigate the addition of ozone 
to deuterated styrene. We were interested to learn if 
different KSIE would be seen at C, and C, as in other 
styrene cyclizations or if the same inverse KSIE would be 
found as in the ozonolysis of propene.2 

The reaction of ozone with styrene and other phenyl- 
substituted alkenes has already been the subject of con- 
siderable investigation.1° For example, kinetic measure- 
ments on ring-substituted styrenes have shown that the 
ozone attack is electrophilic in nature.'OaVb Styrene and 
p-nitrostyrene were chosen for this KSIE investigation. 
The substituted styrene was selected in order to make a 
direct comparison with the m-chloroperbenzoic acid ep- 
oxidation 

Results and Discussion 
Ozonolysis was carried out in CC14 using a 1:l mixture 

of PhCH=CH2/PhCD=CH2 or PhCH=CH2/PhCH= 
CD2 to evaluate the corresponding secondary deuterium 
isotope effects. Analogous mixtures of p-nitrostyrenes were 
also ozonized. These competition reaction were run to 30% 
completion. The reaction mixture was then analyzed by 
360-MHz 'H NMR spectroscopy, which provides a well- 
resolved spectrum for quantitative analysis of each species 
remaining in the solution. The resultant values for kH/ kD 

where it also was a substrate. 

(3) (a) Pryor, W. A.; Henderson, R. W.; Patsiga, R. A.; Carroll, N. J .  
Am. Chem. SOC. 1966,88,1199. (b) Henderson, R. W.; Pryor, W. A. Int. 
J. Chem. Kinet .  1972,4, 325. 

(4) (a) Baldwin, J. E.; Kapecki, J. A. J.  Am. Chem. SOC. 1970, 92, 4874. 
(b) Collins, C. J.; Benjamin, B. M.; Kabalka, G. W. J .  Am. Chem. SOC. 
1978, 100, 2570. 

(5 )  (a) Hanzlik, R. P.; Shearer, G. 0. J .  Am. Chem. SOC. 1975,97,5231. 
(b) Hanzlik, R. P.; Shearer, G. 0. Biochem. Pharnacol. 1978, 27, 1441. 

(6) Schubert, W. M.; Lamm, B. J .  Am.  Chem. SOC. 1966, 88, 120. 
(7) Wilkins, C. L.; Regulski, T. W. J. Am. Chem. SOC. 1972,94,6016. 
(8) Field, M.; Stefani, A. P.; Szwarc, M. J.  Am. Chem. SOC. 1972, 84, 

(9) Freeman, F.; Yamachika, N. J. J .  Am. Chem. SOC. 1972,94, 1214. 
(10) (a) Whitworth, A. J.; Ayoub, R.; Rousseau, Y.; FliszPr, S. J .  Am. 

Chem. SOC. 1969,92,,7128. (b) Klutsch, G.; Fliszir, S. Can. J.  Chem. 1972, 
50,2841. (c) Fliszir, S.; Carles, J. J. Am. SOC. 1969,91, 2637. (d) Fliszir, 
S.; Granger, M. J. Am. Chem. SOC. 1969,9I, 3330. (e) Bailey, P. S.; Lane, 
A. G .  J.  Am. Chem. SOC. 1967,89, 4473. (f) Bailey, P. S.; Ward, J. W.; 
Hornish, R. E.; Potts IV, F. E. Adu. Chem. Ser. 1972,112, 1. (9) Criegee, 
R.; Korber, H. Adu. Chem. Ser. 1972, 112, 22. 
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