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follows a pathway fundamentally different from that 
suggested for oxidation of vitamin K hydroquinone with 
molecular oxygene2 

Experimental Section 
Melting points are uncorrected. Compound 3 was synthesized 

by Diels-Alder reaction of cyclopentadiene with p-benzoquinone 
using a previously published procedure.' The material was 
recrystallized from hexane to afford bright yellow platelets: mp 
78-79 "C (lit.8 mp 77-78 "C). An authentic sample of 4 was 
prepared using the procedure described by Alder and ceworkers." 
Pure 4 was obtained by recrystallization from EtOAc-hexane; this 
procedure afforded 4 as a colorless microcrystalline solid: mp 
118-118.5 "C (lit.3a mp 118 "C). Hydrogen peroxide-l8O2, pur- 
chased from Icon Services, Summitt, NJ, was found by mass 
spectroscopic analysis to contain 80% isotopic enrichment. 

Gas Chromatography and Mass Spectroscopy. A Hew- 
lett-Packard Model 5890, Series 11, gas chromatograph (GC) 
connected directly to a Hewlett-Packard Model 5970 mass 
spectrometer (MS) was employed in this study. The GC column 
used was a 12-m x 0.2-mm i. d. fused silica capillary column which 
contained a film (0.33-pm thickness) of 100% dimethyl poly- 
siloxane (Hewlett-Packard, HP-1). The sample was injected into 
the GC injection port, whose temperature was maintained at 250 
"C, while the column temperature was maintained at 80 OC. Forty 
seconds after the sample had been injected into the GC, the 
column oven was heated rapidly to ita final temperature of 300 
OC (heating rate ca. 45 "C/min). The detector temperature was 
set at 280 OC. Oxygen-free helium was used as carrier gas (inlet 
pressure 7 psig; flow-rate 55 mL/min). 

Reaction of 3 with Basic H'80-180H. To a solution of 3 (17, 
mg, 0.10 "01) in absolute EtOH (2 mL) was added with stirring 
H180-180H (75 mg, 2.0 "01) and aqueous 3 M Na&03 solution 
(0.3 mL). The reaction mixture was stirred at 50 "C for 5 min, 
at which time an aliquot (0.2 mL) was withdrawn and quenched 
by the addition of water (1.0 mL). The resulting mixture was 
extracted with EhO (0.2 mL). To avoid possible oxygen exchange 
at the carbonyl groups, which might arise by contact with silica 
gel, the product was not purified by column chromatography. 
Instead, the ether layer was examined directly by GC/MS analysis. 
The GC/MS trace displayed a major peak with retention time 
3.25 min, which corresponded to that of authentic 4 and which 
indicated that the reaction had proceeded to completion. The 
mass spectrum of the product (4) displayed the following peaks, 
m/z  (relative intensity): 192 (M+, loo), 193 (11.6) and 194 (1.1). 
Calcd natural abundance ratio for CllH1003: M+:M+ + l:M+ + 
2 = 100:12.2:1.2. 

The remainder of the sample was poured into water (10 mL) 
and extracted with EhO (3 X 5 mL). The combined ether extracts 
were dried over MgS04 and filtered, and the filtrate was con- 
centrated in vacuo affording a brown solid (15 mg). The crude 
product was purified by chromatography on silica gel (10 g) by 
eluting with 1:4 EtOAc-hexane mixed solvent. Pure 4 (11.2 mg, 
58%) was obtained as a colorless microcrystalline solid: mp 
117-118 "C (lit.3a mp 118 "C). The 'H NMR spectrum of this 
material was identical in all respects with that of authentic 4. 

Vitamin K Oside-1801. Vitamin K (50 mg, 0.11 mmol) and 
H180-'80H (75 mg, 2.10 "01) in absolute EtOH (2.5 mL) were 
combined with 3 M aqueous Na2CO3 solution (0.3 mL). The 
resulting mixture was heated with stirring at 75 "C for 1 h. The 
reaction mixture was poured into water (10 mL) and extracted 
with EhO (3 X 10 d). The combined ether layers were examined 
by GC-MS. The GC-MS trace contained a peak with retention 
time 7.9 min whose mass spectrum displayed the following peaks, 
m / z  (relative intensity): 468 (M+, 100), 469 (33.3), and 470 (6.9). 
Calcd natural abundance ratio for C31Ha03: M+:M+ + l:M+ + 
2 = 100:34.4:6.3. 

The combined ether extracts were dried over MgSO, and fil- 
tered, and the filtrate was concentrated in vacuo, affording a yellow 
oil (52.3 mg). The crude product was purified by column chro- 
matography on silica gel (10 g), eluting with 1:19 EtOAc-hexane 
mixed solvent. Pure vitamin K oxide (45.4 mg, 88%) was obtained 
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as a colorless oil with spectral properties identical to those of an 
authentic sample.2 

Control Experiments. 1. Synthesis of 1-180 under An- 
hydrous Conditions. To a mixture of 1 (10 mg) and 90% H2802 
(20 pL, Icon Services) in absolute EtOH (2.5 mL) was added 
Na2C03 (20 mg), and the resulting mixture was heated at 60 "C. 
The progress of the reaction was followed by GC-MS, which 
indicated that the reaction had p d e d  to 50% completion after 
1 h. The mass spectrum of the reaction mixture confirmed the 
presence of vitamin K oxide-180 with ita molecular ion at m / z  
468, M+ + 1 peak at m/z  469 with relative intensity 34.3, and M+ + 2 peak at m / z  470 with relative intensity 6.1. Calcd ratio of 
intensities M+:M + l:M+ + 2 = 100:34.3:6.3). 

2. Nonexchange of Vitamin K Oxide-180 with HzO. To 
a solution of vitamin K oxideJ80 (8.8 mg) in absolute EtOH (0.5 
mL) was added to a solution of Na2CO3 (20 mg) in water (60 WL). 
The reaction mixture was stirred at 60 "C for 3 h, at which time 
the progress of the reaction was checked by GC-MS. The mass 
spectrum revealed no change in the relative intensities of the mass 
spectral peaks of the reaction product when compared with those 
of starting material. This result indicates that none of the l80 
label contained in the starting vitamin K oxideJ80, prepared by 
oxidation of with H180-180H, resides in the carbonyl groups. 

3. Noneschange of 4-l8O1 with H20. To a solution of 1.1 
mg (0.0057 mmol) of 4J80 (labeled at the epoxide oxygen by 
epoxidation of 3 with H180-'80H) in absolute EtOH (0.1 mL) was 
added a solution of Na2C03 (5 mg) in 20 pL of HzO. The reaction 
mixture was stirred at 50 "C for 3 h and then checked by GC/MS. 
The mass spectrum of the product showed no change in the 
relative intensities of the peaks at m/z  190 and 192 as compared 
with the corresponding peaks in the mass spectrum of the s t a t i n g  
material 4-'801. 

4. Epoxidation of 3 in H280. To a solution of 3 (4.0 mg, 0.023 
m o l )  in absolute EtOH (0.5 mL) was added unlabeled 90% H202 
(15 pL, excess) and a solution of Na2CO3 (25 mg) in 0.1 mL of 
H280 [96% '%-enriched (Icon Services)]. The reaction mixture 
was stirred at 50 OC for 5 min and then checked by GC/MS. The 
mass spectrum of the product 4 displayed the following peaks, 
mlz (relative intensity): 190 (M+, 100), 191 (13.3), and 192 (11.2). 
Calcd natural abundance ratio for CllHlo03: M+:M + l:M+ + 
2 = 100:12.2:1.2. 

5. Exchange of Carbonyl-Labeled 4-"01 with H20. To 
a solution of 1.5 mg (0.0038 mmol) of 4 previously exchanged with 
HZl8O (vide supra) in 0.2 mL of absolute EtOH was added a 
solution of Na2CO3 (5 mg, excess) in 20 pL of HzO. The reaction 
mixture was stirred at 50 "C for 30 min and then checked by 
GC/MS. The mass spectrum of the product indicated that the 
intensity of the peak at m / z  192 had become reduced to 5.5% 
of the parent ion at m/z  190. The sample was then stirred with 
the same concentration of freah aqueous sodium carbonate solution 
(20 pL) at 50 "C for 3 h. The mass spectrum of the product 
displayed a peak at m / z  192 of normal intensity (1.2%). 
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The nickel-catalyzed cross-coupling of various organo- 
sulfur compounds with Grignard reagents has been ex- 
tensively studied.' However, to our surprise, we found 
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Table I. Nickel-Catalyzed Cross Coupling of 1 with 
Gr imard  Reagents 

~ ~~~~ 

Grignard 3 or 5 4 
Ar n reanent (% vield) (% vield) - . ”  , . “  I 

1-naphthyl (la) 1 MeMgI 3a (68)’ 4a (2Ib 
2-na~hthvl ( lb)  1 MeMnI 3b (63V 4b (3)d 
4-M;C6H; (IC). 1 MeMgI 3~ (54je 4c (39 
3,4-(MeO)zC6HS (la) 1 MeMgI 3d (4818 4d (4)h 
2,5-(MeO)zC6H, (le) 1 MeMgI 30 (51)’ 
4-MeC6H4 (14 2 MeMgI 3c (50) 4c (2) 
2,5-(MeO)zC6H3 (le) 2 MeMgI 3e (48) 
1-naphthyl (la) 1 Me3SiCHzMgC1 5a (66y 
2-naphthyl (lb) 1 Me3SiCHzMgC1 5b (67)k 

a Reference 9. bReference 10. CReference 11. Reference 12. 
eReference 13. ’Reference 14. g Reference 15. Reference 16. 
‘Reference 17. J E I Z  = 1:2, ref 15. k E / Z  = 2:3, ref 15. 

only a few reports which concern the reaction of sulfoxides 
with Grignard reagents. For example, diary1 sulfoxides 
react with aryl Grignard reagents in the presence of 
NiC12(PPh3)2 catalyst to afford the corresponding cross- 
coupling products.28 On the other hand, under similar 
conditions, secondary Grignard reagents reduce the car- 
bon-sulfur bonds of Furthermore, the ligand 
coupling reactions3 of sulfoxides, which give products of 
carbon-carbon bond formation, have been shown to be 
highly useful in organic synthesis. Sulfoxides can also 
undergo various fascinating base-catalyzed rearrangements. 
For example, i t  has been reported that  upon treatment 
with Grignard reagents, sulfoxides which bear an a-hy- 
drogen atom undergo a Pummerer-type rearrangement, the 
product of which, in turn, reacts with excess Grignard 
reagent to  form a thioether (eq l).4 We believed that  

dithioacetal S-oxides 1 would behave similarly. That  is, 
we believed that, in the presence of a nickel catalyst, 1 
would react with a Grignard reagent to afford 2 which then 
would undergo a nickel-catalyzed cross coupling with the 
Grignard reagentIbv5 to form an isopropenylated arene (eq 
2). Therefore, we report the details of a new synthetic 
application of the dithioacetal S-oxides of aromatic al- 
dehydes. 

If\’ fii RCH2MgX R - (2) S S=O RCHZMgX S 2% - ,)<,H,, NiC12(PPh3)2 I \ ~ ~ C H ~ R  

1 2 3 R - H  
5 R = SiMej 

Rssults and Discussion 
Refluxing a benzene/diethyl ether solution of 1 and 

MeMgI (5 equiv) for 16 h in the presence of NiC1,(PPh3), 
(6 mol %) gave 3. Excess Grignard reagent was necessary 
to drive the reaction to completion. The results are sum- 
marized in Table I. Occasionally, tert-butylarenes 4 were 
isolated as side products. I t  appears that  the size of the 
dithioacetal S-oxide ring has no effect on reactivity. Thus, 
sulfoxides derived from either dithiolanes or dithianes give 
similar yields of the expected products. When the Grig- 

(1) For reviews, see: (a) Luh, T.-Y.; Ni, Z.-J. Synthesis 1990.89. (b) 
Luh, T.-Y. Acc. Chem. Res. 1991,24, 257. 

(2) (a) Wenkert, E.; Ferreira, T. W.; Michelotti, E. L. J. Chem. SOC., 
Chem. Commun. 1979,637. (b) Wenkert, E.; Ferreira, T. W. J. Chem. 
Soc., Chem. Commun. 1982,840. (c) Shen, G.-Y.; Tapia, R.; Okamura, 
W. H. J. Am. Chem. SOC. 1987,109, 7499. 

(3) For a recent review, we: Oae, S.; Uchida, Y. Acc. Chem. Res. 1991, 
24, 202 and references cited therein. 

(4) Manya, P.; Sekera, P.; Rumpf, P. Tetrahedron 1970,26,467. 
( 5 )  Ni, Z.J.; Mei, N.-W.; Shi, X.; Tzeng, Y.-L.; Wang, M. C.; Luh, T.-Y. 

J. Org. Chem. 1991,56, 4035 and references cited therein. 

Table 11. Nickel-Catalyzed Cross Coupling of 7 with 
MeMgI 

Ar R n product yield, % 
1-naphthyl (7a) Me 1 ( 3 4  61 
2-naphthyl (7b) Me 1 (3b) 62 
4-MeC6H4 (7c) Me 1 (3c) 62 
2-fluorenyl (7d) Me 1 (3f)O 76 
2-fluorenyl (7e) Me 2 (30 65 

Ph  (7e) Ph 2 (8) 61 
Ph (70 Ph 1 (8)b 51 

“Reference 18. bReference 19. 

nard reagent was Me3SiCH2MgC1, the bissilanes 5 were 
obtained in satisfactory yields. 

4 6 7 0 

The fate of the sulfur-containing moiety of 1 was also 
established. Thus, la was allowed to react with MeMgI 
in the presence of nickel catalyst as described above, 
followed by quenching the reaction with aqueous sodium 
hydroxide and treating the mixture of products with excess 
benzyl bromide to afford bisthioether 6 in 44% yield. This 
result indicates that  2 is a likely intermediate in the con- 
version of 1 into 3. 

A nickel-hydridic species generated in situ is known to 
be effective for the reductive cleavage of the carbon-sulfur 
bonds of sulfoxides.6 Several pieces of evidence suggest 
that  thioethers are the intermediates in these reactions. 
Unlike 1, compounds 7 cannot undergo a Pummerer-type 
rearrangement which would introduce an alkyl group a t  
the C-2 position. It was interesting to  compare the be- 
havior of 7 with that of l. Thus, treatment of 7 with 
MeMgI in the presence of a catalytic amount of NiC12- 
(PPhJ2 in refluxing benzene/diethyl ether for 16 h gave 
the corresponding compounds 3 (Table 11). The extruded 
sulfurated fragment was trapped in a manner similar to 
that described above. For example, 6 was isolated in 40% 
yield from the reaction of 7c with MeMgI. 

There appear to be a t  least two ways whereby com- 
pounds 7 can be converted into 3. It may be that com- 
pounds 7 are first reduced to  compounds 2. It is well- 
known that sulfoxides can be reduced to  sulfides under 
mild conditions. The “normal” nickel-catalyzed olefination 
of compounds z1t5 would then give compounds 3. Alter- 
natively, the direct oxidative addition of 7 with the Ni(0) 
species generated in situ, followed by a process similar to 
that in the “normal” olefination, could give compounds 3 
directly. The sulfurated fragment that is liberated would 
be transformed, in situ, into a thiolate ion, which upon 
reaction with benzyl bromide would give the thioether 6. 

In summary, our results indicate that the nickel-cata- 
lyzed reaction of the cyclic dithioacetal oxide of aromatic 
aldehyde (ketone) with a Grignard reagent can proceed via 
two different pathways. Thus, whenever a Pummerer-type 
rearrangement is favored by the presence of an acidic 
proton at  (2-2, as in compounds 1, tandem rearrangement 
and alkylative olefination occurs to give compounds 3. 
Compounds 1 can thus be considered to  be synthetic 
equivalents of orthothioesters, which are known to undergo 

(6) (a) Ho, K. M.; Lam, C. H.; Luh, T.-Y. J. Org. Chem. 1989,54,4474. 
(b) Chan, M.-C.; Cheng, K. M.; Ho, K. M.; Ng, C. T.; Yam, T. M.; Wang, 
B. S. L.; Luh, T.-Y. J. Org. Chem. 1988, 53, 4466. (c) Mukaiyama, T.; 
Hayashi, M.; Narasaka, K. Chem. Lett. 1973, 291. (d) Madesclaire, M. 
Tetrahedron 1988, 44, 6537. 

(7) Oae S. In Organic Chemistry of Sulfur; Oae, S., Ed., Plenum: New 
York, 1977; Chap& 8. 
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nickel-catalyzed alkylative olefination.16 On the other 
hand, when a Pummerer-type rearrangement is not fa- 
vored, as in the case with compounds 7, a nickel-catalyzed 
olefination occurs directly. 

Experimental Section 
General Procedure for the Nickel-Catalyzed Cross-Cou- 

pling of the Cyclic Dithioacetal S-Oxides 1 and 7 with 
MeMgI. To a solution of dithioacetal &oxide8 (1.0 mmol), 
NiC12(PPh3)2 (0.06 mmol), and benzene (10 mL) under N2 was 
added, in one portion, MeMgI (2.5 mL of a 2 M solution in EhO, 
5 "01). The mixture was refluxed for 16 h. The cooled mixture 
was then poured into saturated aqueous NH4Cl. The whole was 
extracted with EhO (3 X 20 mL). The combined extracts were 
washed (2 X 20 mL of 10% aqueous NaOH, water, and brine) and 
dried (MgSOJ. The solvent was evaporated in vacuo. The residue 
was purified by column chromatography on silica gel (hexane) 
to afford 3. Occasionally, tert-butylarenes 4 were isolated as side 
products. The separation of compounds 3 and 4 was achieved 
by preparative GC (6 f t  30% SE 30). 

Notes 

(8) Dithioacetal S-oxides 1 and 7 were prepared by a literature pro- 
cedure. See: Carey, F. A.; Dailey, 0. D.; Hernandez, J. 0.; Tucker, J. R. 
J. Org. Chem. 1976,41, 3975. 

(9) Bergmann, E.; Weizmann, A. Trow. Faraday SOC. 1936,32,1327. 
(10) van Bekkum, H.; Nieuwstad, T. J.; van Barneveld, J.; Wepeter, 

B. M. Tetrahedron Lett .  1967, 2269. 
(11) Bergmann, F.; Weizmann, A. J. Org. Chem. 1944, 9, 355. 
(12) Caple, R.; Chen, G. M.-S.; Nelson, J. D. J. Org. Chem. 1971,36, 

2874. 
(13) Simonson, J. L.; Todd, A. R. J.  Chem. SOC. 1942, 188. 
(14) Heintzelman, W. J.; Corson, B. B. J. Org. Chem. 1957, 22, 25. 
(15) Tzeng, Y.-L.; Luh, T.-Y.; Fang, J.-M. J. Chem. SOC., Chem. Com- 

(16) Roeenwald, R. H. J. Am. Chem. SOC. 1952, 74,4602. 
(17) Standridge, R. T.; Howell, H. G.; Tilson, H. A.; Partyka, R. A.; 

118) Cairns. J. F.: Hickinbottom. W. J. J. Chem. SOC. 1962. 867. 

mun. 1990, 399. 

Shulgin, A. T. J. Med. Chem. 1980,23, 154. 

(19) Allen, C. F. 'H.; Converse, S .  Organic Syntheses; Wiley: New 
York, 1941; Collect. Vol. 1, p 226. 

Isolation of the Bisbenzyl Thioethers of l&Ethandthiol 
(6) from the Reaction of la with MeMgI. To a solution of le 
(248 mg, 1.00 mmol), NiC12(PPh3)z (39 mg, 0.06 mmol), and 
benzene (10 mL) under N2 was added, in one portion, MeMgI (2.5 
mL of a 2 M solution in EhO, 5.0 mmol). The mixture was 
refluxed for 16 h. Then the reaction was quenched by adding 
10% aqueous NaOH (3.0 mL) and BnBr (400 mg, 2.3 "01). The 
mixture was then refluxed for 4 h, whereupon it was cooled to 
rt and was poured into water (10 mL). The whole was extracted 
with EhO (3 X 20 mL). The combined extracts were washed 
(water, brine) and dried (MgSO,). The solvent was evaporated 
in vacuo. The residue was purified by column chromatography 
on silica gel (hexane/EtOAc (91)) to give 5" (121 mg, 44%). 

Isolation of 6 from the Reaction of 7c with MeMgI. In a 
manner similar to that described above, a solution of 7c (248 mg, 
1.00 mmol), NiC12(PPh3)2 (36 mg, 0.06 mmol), and benzene (10 
mL) was treated with MeMgI (2.5 mL of a 2 M solution in EkO, 
5.0 mmol). The mixture was refluxed for 16 h. The reaction was 
then quenched by adding 10% aqueous NaOH (3.0 mL) and BnBr 
(400 mg, 2.3 mmol) to give 5 (110 mg, 40%). 
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