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Abstmct: A new procedure for one-carbon homologation of carbonyl compounds is described. The method is 

based on the rearrangement of poxido carbenoid which is generated via the ligand exchange reaction of the 

s~l~nyl group of a-chloro &hydroxy sulfoxide with te~-bu~l~t~~ Addition of the carbanim of a& I- 

choral s~fo~‘des to c~nyl co~u~ gave the adducts in good yields. The @-oxid corbels 

rearrangement of the adducts gave one-carbon homorogated carbonyl mmpounds having an a-alkyi substituent. 

A similar reaction of the &acts der&dfrom carbonyl compoundr with chloromethyl p-to&l sutfoxide yielded a 

procedure for a methylene insertion. The stereochcmtfhy of the &o&o cmhoid recwrmgtment is &so 

d~c~sed. 

The rearrangement of g-oxido carbenoids is reported to be one of the most useful reactions for one-carbon 

homologation of carbonyl compoundsl including one-carbon ring-expansion of cyclic ketones.2 The method 

from Nozaki3 and Vi&as4 is based on the rearrangement of the adduct of carbonyi compounds with 

die~o~e~ylli~~ or dib~~~ylli~~. Cohen reported a similar reaction using the adduct of cyclic 

ketones with ~~phenyl~o)me~yiii~i~. 5 These methods are quite versatile; however, in view of the 

importance of this kind of reaction in organic chemistry, new methods ate still eagerly sought 

Recently, we have reported some new synthetic methods using aryl 1-haloaikyl sulfoxides.6 Specificahy, we 

have focused our attention on the chemistry of the &and exchange reaction of sulfoxides,~ and many new 

synthetic reactions have been develop&S In cannon of our stndies on the ligand exchange resction of 

sulfoxides in organic synthesis we report here, in detail, a new method for a synthesis of one-carbon homologated 

&nyl compounds (5 and 6) from carbonyl compounds and aryl l-chloroalkyl sulfoxides 1 via the p-oxido 

carbenoid rearrangement (Scheme 1).9 

One-Carbon Homobgation of Ketones to Ketones Havimg an a-Alkyd Substituent Using X- 

ChbrosIkyl p-To&l SuIfoxides as lhmologstiqg Agents. 

Carbenesand carbetidsl~ have been known as h&My readve carbon species and are recognized as useful 

intermediates in organic synthesis.ll Genemtion of carbenes and carbenoids has mainly been carried out in two 
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ways: photolysis, pyrolysis, and catalytic edition of diazo adds, aad base-induced a- 

eliminationl~b In our studies on the ligand exchange reaction of sulfoxides, we anticipated that the easily 

prepared a-chloto #I-hydroxy sulfoxides 2 would give ~-oxido carbenoids 4 via the ligand exchange reaction of 

.&fox&s with aRtyIlithium as shown in Scheme 1. This expectation was soon confirmed. 

Treatment of l-~o~~yl p-My1 suifoxide la with 1.2 ~uiv~en~ of lithium ~i~~l~i~ (IDA) in 

THF at -70 “C gave the c&anion, which was subjected to react with 1 &cyclohexanedione mono-ethylene lcetal 

to give the adduct 7 in 90% yield.12 First, 5 equivalents of t-B&i13 was added dropwise to a sdution of the 

adduct 7 in THF at -60 OC. After 5 min, the reaction was quenched with aqueous NbL$!l. All the starting 

material disappea& and two products 8 and 9 were obtained in 49% and 36% yield, respectively (Scheme 2). 

Both were the ~ng-exam products; however, in this procedure a fair amount of Eddie 9 was obtained. 
Formation of 8 and 9 can be a&tuned as follows (Scheme 3). Dropwise addition of t-J&&i to 7 gives, in 

part, the lithium alcoholate 10. Then, ligand exchange reaction of the sulfinyl group of 10 gives p-oxido 

carbenoid 11, which quictiy rearranges to the e&ate 12. At this stage, 12 abstracts a prc&m from the remaining 

alcohol 7 to give the ketone 8 and the alcoholate 10. The produced 8 reacts with r-f&&i to give the alcohol 9. 

From this rest&, the rate of the ligand exchange reaction of the sulfmyl group with t-Bufi was thought to be as 

fast as the proton abstraction from the hydroxyl group. 

Next, based on this assumption, the alcohol 7 was first treated with 1.2 equivalents of LDA to afford lithium 

alcoholate 10. Then 4 equivalents of r-B&i was added at -70 *C. This procedure worked, and the desired ring- 

expanded ketone 8 was obtained in 69% yield without the bruit 9 (Scheme 2). 

Representative examples of the one-carbon ring-expansion of cyclic ketones to cyclic ketones having an alkyd 

substituent are summarized in Table 1. Addition of the carbanion of l-chloroalkyl ptolyl sulfoxide to cyclic 

ketones usually gave good yields except for cyclopentanone and cyclooctanone (entries 2.3, and 7). The step for 

the g-oxido carbenoid rearrangement gave 60-SO% yields except for one example (entry 7). These rest&s 

indicated that this method is applicable to small- to huge-ring ketones. In the case of the chloro alcohoi having a 

long alkyl group, preformation of the lithium alcoholate was not necessary (entries 1 and 2). Addition of the 
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carbanion of la with a-tetralone gave easily separable two diastereomem (18L and 18P). Both were treated 

with t-BuLi to give different results (entry 6), which indicated that the intermediate of this reaction is not free 

carbene but carbenoid (the stereochemistry of tbis marrangement is discussed later). 

Next, this procedure was applied to acyclic ketones. The results are summarized in Table 2. The table shows 

that this procedure is also effective with acyclic ketones. In some cases, preformation of alcoholate was carried 

out both with LDA and ICI+ however, little difference was observed (entries 1 and 2). Entries 2-4 show the 

results with unsymmetrical ketones. The reanangement of chloro alcohols 32 and 33 gave both aryl-migrated 

and methyl-migrated ketones and no significant selectivity was observed. One reason for this result is that the 

chloro alcohols are a diastereomeric mixture. The rearrangement of the cbloro alcohol having cyclohexyl group 

34 gave the ketone 42 in low yield (entry 5). As usually tbe aryl 1-chloroalkyl sulfoxides having a cyclohexyl or 

isopropyl group react with ketones in low to moderate yields, this procedure is effective with the aryl l- 

chloroalkyl sulfoxides having a normal alkyl group. 

One-Carbon Homologation of Aldehydes and Stereochemistry of the R emrangement of the p- 

Oxido Carbenoid. 

Carbanion of aryl 1-chlorobutyl sulfoxide reacted with aidehydes to afford the chloro alcohol 43 in nearly 

quantitative yields (Table 3). In these reactions, because the stemocbemistry of the carbon bearing the chlorine 

atom is completely conttolled by the chirahty of the sulfinyl group, 8f only two diastereomem were obtained as the 
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Table 1. Qne-Carbon Ring-Expansion of Cyclic Ketones to Cyclic Ketones Having an a-Alkyl 
Substituent 

Entry Ketone 
Chlorc alcohol 

Conditionsa) 
Product 

R (Yield/%) Yield (%)b’ 

1 oc 0 CWWQ 13 (91) 

2 
or 

0 c&&H2)4 X4(29) 

4 cn, 16(93) 

18P (36)d’ 

7 (h 0 cl= 
CH, 

04 0 
c= 

28 (491 

29 (76) 

a) Conditions: All reactions were carried out in THF at about -70 ‘C. A, 5 eq. &BuLi. B, 1.2 eq. 
LDA, 4 eq. t-&&i. b) The yield from the chloro al~hol. Isolated yield. c) Single isomer. 
d) Two diastereomers of the adduct (less p&r adduct (L) and more polar adduct (P)) were separated 
and they were treated separateIy with t-B&i. 
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Table 2. One-Carbon Homologaticm of Acyclic Ketones to Ketones Hating an a-A&y1 

substituent 

Acyclic Chloro 

Enb;y -$ 
Ketone alcohol 

(Yjeld/%)a) 
Conditionsb) 

Product 

R2 R8 (Yield/%) aI 

4 cH8 Cb 

5 c-Hex Ci$ 

o- ,-, CH&H, 31(66)‘) 

cH30 ,-, -x3- 32 (99)” 

F-(==-& 33 (79)“’ F ,-, CH(CH,)COCtr, 
-c3 

40 wa 

41(26) 

42 (39) 

CH&HCOCh 

a) Isolated yieid b) Conditions: AII kxtiotts were carried out in THF at about -70 *C. C, l.5 eq. KH, 
3 eq. t-B&i. D, 1.2 eq. IDA. 3 eq. t-B&i. E. 1.2 eq. LDA, 4 eq. t43uLi. c) A mixture of hvo 
inaeparabIe dias&momem. 
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adducts 43. These diastereomers were easily separated by silica gel column chromatography. The rearrange 

ment of the isolated diastemomers was carried out separately and the results are summan ‘zed in Table 3. In these 

reactions, it was found that the preformation of lithium alcoholate was not necessary. 

Table 3. Homologation of Aldehydes to Aldehydes and Ketones via p-Oxido 

Carbenoid Using Atyl l-Chlorobutyl Sulfoxide as a Homologating Agent 

f-BuLi 
c ArS(O)$(CI)CH(OH)R - 

1) LDA 
Als(C~YWkCH, - 

Cl 2) RCHO 
b&H2CH, 

CHB(CH&COR + CH&H&+HCHO 43 

44 45 R 

Entry Ar 
Chloro alcohol Fbniuct 

Aldehyde (R) 
Yield (45)‘) Yield (96)‘) 44~8 

1 Ph PhCH,CH, at-Pb’ (54) (89) %I4 

2 &a-Lb) (42) (89) 7703 

3 To1 F I\ 
u- 

43b-P (51) (97) 94i6 - 

4 43b-L (43) (W 1199 

5 To1 
o- 
/\ 430P (44) (82) !W6 

6 
- 

43c-L (38) (71) 21/79 

7 43d-P (63) (W 99/l 
8 

To1 CbO_ 

43d-L (35) (76) l/99 

a) Isolated yield. b) See Table 1. c) The rearrangement was carried out in THF at -70 “C with 
4 equivalents of t-BuLi without preformation of lithium alcoholate. d) The ratio of the products 
was determined by ‘H NMR. 

As shown in the table, the rearrangement gave good yields of the products except for one example (entry 4). 

The ratio of the produced ketones and aldehydes is particularly interesting. Both the adduct 438-P and 4%L 

(prepated from aliphatic aldehyde) gave hydrogen-migrated ketone 44a as the main product (entries 1 and 2). 

This result can be explained by the much higher migratory aptitude of hydrogen over the alkyl group in this type 

of rearrangement.14 

In contrast to this result, the rearrangement of the chloro alcohols derived from aromatic aldehydes (43b- 

43d) showed significant stereospecificity. Namely, the P-isomer gave hydrogen-migrated ketones (44b-44d) 

and L-isomers gave aryl-migrated aldehydes (45b-45d), respectively, as the main products. This specificity is 

explained as follows (Scheme 4). As already reported, l5 the stereochemistry of the diastereomers P and L was 

determined to be as shown in Scheme 4. The ligand exchange reaction of the alcoholate of 43P and 43L gave 

the p-oxide carbenoids, whose conformations were fixed as A and B by formation of the chelate ring. The 

rearrangement must take place through this conformation and 44 was formed from A, 46 from B, respectively. 
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Needless to say, this expectation is valid when the migratory aptitude of the aromatic ring is nearly equal to that of 

the hydrogen. 
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B 45 

One-Carbon Homologation of Ketones and Aldehydes to Ketones Using Chloromethyl p-Tolyl 

Sulfoxide as the Homologating Agent. 

When chloromethyl p-tolyl sulfoxide lb is used in the above-mentioned method, a methylene insertion 

procedure must be realized (Scheme 5). However, one problem is that the chloro alcohol 46 has a highly acidic 

hydrogen on the carbon bearing the sulfinyl group. If the hydrogen is abstracted faster than the ligand exchange 

of sulfoxide, c&anion 47 is generated, which must give the starting material by quenching the reaction.16 

To&CM&I lb 

Ligand exchange 
of sulfoxide 

At any rate, the c&anion of chloromethyl p-tolyl sulfoxide lb was reacted with Gundecanone to give the 

chloro alcohol 48 in 93% yield (Table 4). The chloro alcohol was treated with 1.2 equivalents of LDA in THF at 

-70 ‘C followed by 5 equivalents of r-BuLi for 5 min. Fottunately, this reaction gave the desired Glodecanone 

56 in 63% yield without the starting material. This result indicated that the ligand exchange reaction of the 

sulfoxide is much faster than the hydrogen abstraction. The reaction using various ketones is summarized in 

Table 4 (entries l-5). 

Both acyclic and cyclic ketones gave onecarbon homologated ketones in moderate to good yields; however, the 

yields are dependent on the ketones used (entries 4 and 5). In the cases of alkyl aryl ketones, all the main 

products are aryl-migrated ones (entries 3-S). 

Entries 6-8 show the results with ammatio and aliphatic aldehydes. The rearmngement of 53-55 gave 

hydrogen-migrated ketones 62-64 in 4@50% yields. No aryl- or alkyl-migrated aldehyde was observed. 
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Table 4. One-Carbon Homo&&ion of Carbonyl Compounds to Ketones Using Cbloromethyi 
p-Tolyt Sulfoxide as the Homologating Agent 

Entry 
Carbonyl 
compound 

Chloro alcohol 

Yield (%)” 
Conditionsb) 

Ketone 

Yield (%)‘I 

CbO CHO 

48 cw 

49 (79) 

SOP (55) 

50L (45) 

5t (9% 

52 P3 

53 W) 

F 

G 

F 

F 

H 

H 

I 

J 

H 

58 (5) 59 N@ 

58 ( 13) 59 (36) 

cH!ja COCK 

62 (50)*’ 

a) l,&& yield. b) Conditions: Unless otherwise specified, the reaction was carried out at about -70 ‘c. 
F, 1.2 eq. WA, 5 q. t-B&i. C&1.5 eq. KH, 4 eq. M3uI.i. H, 1.2 eq. LDA, 3 eq. t-B&i. gel.2 eq. 
WA, 3 q, &B&i, at -80 *C. J, 1.2 eq. LDA, 3 eq. &B&i, at -90 ‘C. c) No ~~yl-~~ product 
was oWned. d) No a$- or alkyl-migrated product was obtained. 



One-carbon homologation of carbonyl compounds 11847 

Expe&mental Section 

All melting points are uncormcmd. *I-I NMR spectra were measmzd in a CDCl3 solution with a JEOL RX-100 
spectrometer. E?lectron-impact mass speotm (MS) were obtained at 70 eV by direct insertion. Silica gel BW-127 
ZH (Fuji-Devison) containing 2% fluorescence reagent 254 and a quartz column were used for column 
c~rn~~~y and the products having UV absorption were detected by UV irradiation. In experiments 
requiring a dry solvent,THF was distilled from diphenylketyl, dii~p~pyI~ine was dried over CaH2 and 
distiiled. Potassium hydride (Kw, AIdrich): In a ~~e-~~ flask, mineraI oil was washed three times with dry 
hexane and the mmaining hexane was distilled under vacuum. 

l-[l-Chloro-l-Cp-tolyisnlfinyl)and~yll-l-cyc~~atanol (13). 
synthesis of the chIor0 alcohol is as follows. 

A representative example for a 
In a flame-dried flask under Ar atmosphere at 0 *C, 6 ml of dry 

THF was placed and diisopropylamine (3.2 mmol) and n-BuLi (3.2 mmol) were successively added. The 
solution was stirred at 0 ‘C for 5 min, then cooled to -65 “C. A solution of l-c~~o~d~yl ptolyl sulfoxide 
(988 mg; 3 mmd) in 4 ml of THB was added dropwise to the solution and stirred at -65 “C for 15 min. To the 
reaction mixture, cyclobutanone (3.3 mm&) was added and the stirring was continued for 10 min. The reaction 
was quen~h~ by adding sat. aqueous NH&l. The whole was extracted with CH2C12. The organic layer was 
washed once with sat. aqueous NI-k@, dried over MgSO4 and the solvent was evaporated. The product was 
purified by silica geI ~1~~ c~rn~g~y to give X3 (1.09 g; 91%) as a coloiless oil. IR (neat) 3400 (OH), 
1080,1035 (SO) cm-l; 121 NMR 6 0-m (3H, t, 5=7 Hz), 1.1-2.8 (25H, m), 2.42 (3H, S), 7.2-7.8 (4H, m); MS 
m/z (%) 398 (M+, trace), 381(0.2), 140 (100). Found: m/z 398.2082. Calcd for C22H3.5ClqZS: M, 398.2044. 

Chloro Alcohols 14-20. 
above. 

Other chloro aIcohoIs in TabIe 1 were synthesized in a similar way as described 
l-[ l-Chloro-1-Cp-tolylsulfinyl)hexyI]- I-cyclopentanol (14): Colorless crystals; mp f@-91 “C (AcOEt- 

hexane); IR (KBr) 3380 (OH), 1080, 1040 (SO) cm- 1; 1H NMR 6 0.87 (3H, t, J=7 Hz), 1.1-2.3 (17H, m), 
2.43 (3H, s), 737.66 (each 2H, d, J=8 Hz); MS m/z (%) 342 (M+, trace), 241 (1.2), 140 (100). Found: C, 
63.23; H, 7.99; Cl, 10.29; S, 9.30%. Calod for Cl&l27CIqZS: C, 63;13, II, 7.W; CI, lO*, S, 935% l-[I- 
Chio~l-~-~~~~nyl~~yi]-l-i~ol(15): Colorless crystals; mp 91-95 “C (AcOBt-hexae); IR (EBr) 3375 
(OH), 1050,1020,1010 (SO) cm-l; IH NMR S 1.25 (3H, s), 2.44 (3H, s), 253.3 (4H, m), 7.1-7.8 (4H, m). 
Found: C, 64.26; H, 5.57; Cl, 10.38; S, 9.36%. CaIcd for Cl&IlgCI~S: C, 64.56; H, 5.n; CI, lo.%, S, 
9.57%. 16: see lit. 12. l-Al-C~o~l-~-tolyl~l~nyl)~yI]~r~r~-bu~l-l~clo~~~ (1’7): Colorless crystals; 
mp 184-186 ‘C (CHCl3-hexane); IR (KBr) 3390 (OH), 1040, 1025 (SO) cm-l; 1H NMR 8 0.88 (QH, s), 1.44 
(3H. s), 1.45-240 @II, m), 243 (3H, s). 7.2-7.7 (4H. m). Fomxk C, 8.81; H, 8.19; Cl, 9.83, S, 8.%%. 
Calcd for CIgH29ClC&S: C, 63.93; H, 8.19; Cl, 9.93; S, 8.89%. l-[l-Chloro-l-@-toIylsulfmyl)ethyl]-l- 
tetralol(18): 181L: Colorless crystals; mp 122-124 “C (AcOBt-hexane); IR (KBr) 3420 (OH), 1090, 1050 (SO) 

cm-l; 1H NMR S 1.18 QR s), 1.6-2.2 (2H, m). 2.43 (3H, s), 2.629 @I-I, m), 7.0-7.6 (7X& m), 7-Q-8.1 (lH, 
m). Found: C, 65.34; H, 6.08; Cl, 10.32; S, 9.35%. Calcd for CIgH2IC102S: C, 65.41; H, 6.07; Cl, 10.16 S, 

Q.lQ%. 18P: Colorless amorphous; IR (KBr) 3360 (OH), 1040 (SO) em-l; 1~ NMR 8 1.20 (3H, s), 1.4-2.8 
(6w,m),2.40(3~s),7.Or7.6oH;m),8.0-82(1H,m~;MSm/z(%)349(~~~+,0.05), 147 (100). Found: 
m/z 349.1009. CaIcd for ClgH22CK&S: M, 349.1027. l-[1-Chlom-1-@-tolyIsufinyl)ethyl]-l-cyclooctanol 
(19): Color&s crystals; mp 110-112 ‘C (AcOBt-hexane); IR (KBr) 3440 (OH), 1055, 1035 (SO) cm-l; 1~ 
NMRB 1.323(14H,m), 1.46(3H,s),2.43(3H, s),4.~(1~~,0~~7.2-7.7(~m~.~ C,6213;H, 
7.72; Cl, 10.80, S, 9.71%. CaIcd for Cl7H25ClO@: C, 62.08; H, 7.66; Cl, 10.78; S, 9.75%. I-[I-Chloro-l- 
(p-tolyl~Ftnyl)e~~J-lcyclododecand (u)): ColorIess crystals; mp 134-136 “C (CHCI3-hexane); IR (RBr) 

3490 (OH), 1040,102O (SO) cm-l; lH NMR 6 1.1-23 (22fI. m), 1.46 (3H. s), 2.43 (3H, s), 7.2-7.7 (4H, m). 
Found: C, 65.70; H, 8.68; Cl, 9.20; S, 8.37%. CaIcd for C2lH33C102S: C, 65.51; H, 8.64, Cl, 9.21; S, 
8.33%. 

5,~-Ethyien~~~-2-methy~cycl~hep~one (8) and Alcohol (9). Conditions A: To a sohnion of 
7 (108 mg; 03 mmol) in 3 ml of dry THB in a ~~e~~ flask under Ar at -60 “C was added t-B&i (1.57 M in 
pentane; O.% ml; 1.5 mmol) dropwise with stirring. The reaction mixture was stirred at -60 *C for 5 nun, then 
the reaction was quenched by adding sat aqueous NI-&CI. The whole was extracted with ether-benzene. The 
organic layer was washed once with sat. aqueous NH4Ci and dried over MgSo4, The products were separated 
by silica gel column c~rna~~hy to afford 8 (24 mg; 4946) and 9 (26 mg; 36%). 8: Cohn&as oil; IR (neat) 
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1710 (CO) cm-l; 1H NMR 8 1.09 (38 d, 5=7 Hz), 1.5-2.0 (6H, m), 2.2-2.9 (3H, m), 3.93 (4H. s); MS m/z 
(8) 184 (M+, 12), 156 (30), 127 (12), 99 (100). Found: m/z 184.1104. CaIcd for Cl0Hl603: M, 184.1099. 
9: Colorkss ctystak (about 1:4 diastereomeric mixture); mp 72-75 “C (hexane); IR (KBr) 3570 (OH) cm-l; 1~ 

NMR 8 0.92 (Z-I, s),l.Ol (2&I, s), 1.05 (2.4H, d k7 Hz), 1.17 (0.6H, d, J=7 Hz), 132.5 (9H, m), 3.92 
(4H, s); MS m/z (96) 242 (I&, 0.8), 185 (94), 99 (100). Found: m/z 242.1884. CaIcd for Cl4I-I2603: M, 
242.1880. 

Synthesis of 8 from 7 via Preformation of the Lithium Alcoholate. To a solution of LDA (0.36 
mmol) in 3 ml of THF at -60°C was added a solution of 7 (108 mg; 0.3 mmol) in 1.5 ml of THF. The reaction 
mixture was stirred at -60 “C for 5 min. then t-BuLi (1.2 mmol) was added dropwise to the solution. After 10 
min, the reaction was quenched by sat. aqueous NI-LtCI. A similar workup as described above gave 38 mg 
(69%) of 8 without the byproduct 9. 

Ketones 21-29. (Table 1) 2-Decylcyclopentanone (21): Colodess oil; IR (neat) 1740 (CO) cm-l; 1~ NMR 
6 0.87 (3H, t, k7 Hz), 1.0-2.3 (25H, m); MS m/z (%) 224 (M+, 5). 97 (12), 84 (100). Found: m/z 224.2143. 
Cakd for Cl5I-I280: M, 224.2138. 2-Pentylcyclohexanone (22): CoIorIess oil; IR (neat) 1705 cm-l; 1~ NMR 

6 0.87 (3H, t, J=7 Hz), 1.0-2.5 (17H, m), MS m/z (96) 168 (M+, 4), 98 (100). Found m/z 168.1508. CaIcd for 

CllH200: M, 168.1513. 2-Methyl-I-tetraIone (23): ColorIess oil; IR (neat) 1685 (CO) cm-l; 1H NMR 6 1.27 
(3H,d,J=7Hz), 1.623 @I-&m), 2.4-2.8 (lH, m), 2.9-3.1 (2H, m), 7.1-7.6 (3H, m), 7.0-8.1 (lH, m); MS 
m/z (‘46) 160 (M+, 56), 145 (22), 131 (18), 118 (100). Found: mlz 160.0875. CaIcd for CllHl20: M, 

160.0887. 3-Methyl-ZtetraIone (24): CoIorIess oil; IR (neat) 1760,172O (CO) cm-l; 1~ NMR 6 1.19 (3H, d, 
J=7 Hz), 2.3-3.2 (3H, m), 3.58 (2H, s), 7.16 (4H, m); MS m/z (46) 16O(M+, 67). 117 (71), 104 (100). Found: 
m/z 160.0883. CaIcd for CllH120: M. 160.0887. 5-ter-Butyki-methylcycIoheptanone (25): Colorless oil 

(about 1:l diastereomeric mixture); IR (neat) 1710 (CO) cm- 1; lH NMR B 0.85 (4H. s), 0.86 (5H, s), 1.05, 1.08 
(each lSH, d, 3=7 Hz), 1.1-2.6 (1OH. m); MS m/z (%) 182 (M+, 16), 167 (5). 154 (7), 126 (64), 57 (100). 
Found m/z_ 182.1670. CaIcd for Cl2H220: M, 182.1670. 2-Methyl-1-benzosuberone (26): Colorless oil; IR 

(neat) 1680 (CO) cm-l; 1H NMR 8 1.21(3H, d 3=7 Hz), 1.4-22 (4H, m), 2.6-3.1 (3H, m), 7.1-7.7 (4H, m); 
MS m/z (a) 174 (M+, 86), 145 (38), 131(100). Found: m/z 174.1046. Cakd for Cl2Hl4O: M, 174.1044. l- 

Methyl-2benzosuberone (27): Colodess oil; IR (neat) 1715 (CO) cm-l; 1H NMR 8 1.44 (3H. d, .I=7 Hz), 1.6- 
3.0 (6H, m), 3.86 (H-I, q, J=7 Hz), 7.16 (4H, m); MS m/z (96) 174 (M+, SO), 145 (19). 131 (100). Found m/z 
174.1047. CaIcd for Cl2Hl40: M, 174.1044. 2-Methylcyclononanone (28): Colorkss oil; IR (neat) 1700 (CO) 

cm-l; 1~ NMR 8 l.O4(3H, d, J=7 Hz), 1.2-2.0 (12H, m), 2.3-2.9 (3H, m); MS m/t (46) 154 (M+. 27), 125 
(lo), 98 (85), 41 (100). Found: m/z 154.1363. Cakd for ClOHl80; M, 154.1357. 2-Methylcyclotridecanone 

(29): Colorhess oil: IR (neat) 1705 (CO) cm -1; 1~ NMR 8 1.04 (3H, d J=7 Hz), 1.1-1.9 @OH. m). 22-28 
(3H, m); MS m/z (%) 210 (M+, 50), 181 (19). 55 (100). Found: m/z 210.2002. CaIcd for Cl&I260: M, 
210.1983. 

Chloro Alcohols 30-34. (Table 2) 6-[l-ChIoro-1-@-tolylsuIfinyl)etItyl]-6-undecanol (30): Colorless 

crystals; mp 141-144 ‘C (CHClg-hexane); IR (KBr) 3350 (OH), 1085, 1045 (SO) cm-l; 1H NMR 8 0.89, 0.93 
(each 3H, t, J=7 Hz), 1.1-2.2 (16H. m), 1.46 (3H. s), 2.43 (3H. s), 7.27.7 (‘R-I, m). Found: C, 64.56; H, 
8.90%. CaIcd for C20H33Cl02S: C, 64.49; H, 8.93%. 2-[l-ChIoro-1-@-tolylsuIfinyl)ethylJ4phenyl-2- 
butanol(31): Colorless oil (about I:1 diasteteomeric mixture); IR (neat) 3270 (OH), 1090,1035 (SO) cm-l; 1~ 
NMR 8 1.44, 1.46 (each 1.5I-I. s), 1.49, 1.79 (each 1.5I-I, s), 2.43 (3H, s). I-[l-ChIoro-l-@-tolyIsuIfinyl)- 
ethyl-1-(4methoxyphenyl)-l-ethanol(32): Colorless oil (about 23 diasteteomeric mixture); IR (neat) 3330, 3260 
(OH), 1080, 1025(SOj cm-l; lHNMR6 131(1.8H, s). 1.44(1.W, s), 1.79 (1.2I-k s), 2.13 (1.8H. s). 2.41 
(3H, s), 3.79 (1.8H. s), 3.83 (l.W, s). l-[l-Chloro-l-@-tolylsuIfinyl)ethyl]-l-(4-fluorophenyl)-l-ethanol 
(33): Colorless oil (about 1:l diasteteomeric mixture); IR (neat) 3350,325O (OH), 1080, 1025 (SO) cm-l; 1~ 
NMR 8 1.33, 1.43 (each 1.5H, s), 1.79, 2.22 (each LSH, s), 2.41 (3H, s). l-Chloro-l-cyclohexyI-l-(p- 
tolylsuIfinyl)-2-methyl-2-ptopanol (34): Colorless crystals; mp 131-133 ‘C (AcOEt-hexane); IR (KBr) 3305 
(OH), 1080,104O (SO) cm-l; 1H NMR 8 1.44,1X, 2.45 (each 3H, s). FknnxIz C, 6216; I-X, 7.40%. CaIcd for 
C 17H25CIO2S: C, 62.08, I-I, 7.66%. 
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7-Methyl-6-dodecanone (35). A solution of 30 (112 mg; 03 mmol) in 2 ml of THF was added 
dropwise to a suspension of KH (18 mg; 0.45 mmol) in 5 ml of dry THF at 0 ‘C under Ar atrnosphem. The 
reaction mixture was stirred at 0 ‘C for 20 min, then cooled to -70 ‘C. To the reaction mixture, t-B&i (0.9 
mmol) was added and after 10 min, the reaction was quenched by sat. aqueous NH&l. The whole was 
extracted with ether-bemzne and the product was purified by silica gel column chromatography to afford 35 (46 

mg; 77%) as a colorkss oil. 
l.l-1.8 

IR (neat) 1715 (CO) cm- l; 1~ NMR 6 0.7-1.0 (6H, m), 1.05 (3H, d, J=7 I-k), 

(14H, m). 23-26 (H-I, m), 2.41 (ZI, f J=7 Hz); MS m/z (%) 198 (M+, lo), 155 (14), 128 (52) 99 
(100). Found: m/z 198.1979. Calcd for C13H260: M, 198.1982. 

Ketones 36-42. (Table 2) 3-Methyl-5-phenyl-2-p (36): ColorIess oil; IR (neat) 1710 (CO) cm-l; 

1~ NMR 8 1.13 (3H, d, 5=7 Hz), 1.4-2.0 (2H, m), 2.12 (3H, s), 2.4-2.7 (3H, m). 7.0-7.4 (SH, m); MS nr/z 
(%) 176(M+,20), 117(10),91(62),72 (100). Found: m/z 176.1202. CaIcd for Cl2Hl60: M, 176.1200. 4 

Methyl-l-phenyl-3-pentanone (37): Colorless oil; IR (neat) 1710 (CO) cm-l; 1~ NMR 8 1.07 (6H, d, J=7 Hz), 
2.4-3.0 (5H, m), 7.0-7.4 (5H, m); MS m/z (%) 176 (M+, 47), 133 (51), 103 (100). Found: m/r 176.1197. 
Calcd for C12Hl60 M, 176.1200. 3-(4Methoxyphenyl)-2-butanone (38): Colorless oil; IR (neat) 1710 (CO) 

cm-l; 1H NMR b 1.34 (3H, d, J=7 I-ix), 2Cn (3H. s). 3.66 (H-I, q. J=7 Hz), 3.77 (3H s), 6.7-73 (4H, m); MS 
m/z (%) 178 (M+, ll), 135 (100). Found: m/z 178.1001. Calcd for Cl1H140.2: M. 178.0993. 1-(4- 

Methoxyphenyl)-2-methyl-1-propanone (39): Colorless oil; IR (neat) 1665 (CO) cm-l; 1~ NMR S 1.20 @I, cl, 
J=7 Hz), 3.51 (lH, septet, J=7 Hz), 3.85 (3H, s), 6.8-7.0 (2H, m), 7.8-8.0 (2H, m); MS m/r (96) 178 (M+, 7), 
135 (100). Found m/z 178.0995. Calcd for CllH14@: M, 178.0993. 3-(4Fluorophenyl)-2-butanone (40): 

Colorless oil; IR (neat) 1715 (CO) cm- 1; lH NMR 6 137 (3H, d, J=7 I-Ix), 204 (3H, s), 3.72 (lH, q, J=7 Hz), 
6.9-7.3 (4H, m); MS m/z (%) 166 (M+, 9), 123 (100). Found: m/z 166.0793. Calcd for ClOHllFO: M, 
166.0793. l-(4Fluorophenyl)-2-methyl-I-propanone (41): Colorless oil; IR (neat) 1675 (CO) cm-l; 1~ NMR 

6 1.22 (6H. cl, J=7 Hz), 3.51 (H-I, septet, J=7 Hz), 6.9-7.4 (2H, m), 7.8-8.1 (2H. m); MS m/z (8) 166 (M+, 
13) 123 (100). Found: m/z 166.0794. Calcd for Cl~HllFo: M, 166.U793. 3-Cyclohexyl-2-butanone (42): 

Colorless oil; IR (neat) 1710 (CO) cm- l; lH NMR 6 081.4 (5H. m). 1.02 (38 d, J=7 Hz), 1.91.8 (6H, m), 
2.12 (3H, s), 2.33 (lH,quintet,J=7Hz);MS m/z(%) 154(M+, 26),139(1.9,111(7), 72 (100). Found: m/z 
154.1376. Calcd for Cl0H180: M, 154.1358. 

Chloro Alcohols 43a43d. (Table 3) 4-Chloro4@henylsultinyl)-3-heptanol (43a): 43a-P; Colorless 

oil; IR (neat) 3370 (OH), 1075,103O (SO) cm- 1; lH NMR 8 0.93 (3H, t, J=7 I-Ix), 133.1 (9H, m), 3.73 (HI, 

dd, J=9,2 Hz), 7.0-7.8 (IOH, m); MS m/z (%) 351 ([M+Hl+, trace), 298 (0.7) 126 (75). 91(100). Found: m/z 
351.1175. Calcd for ClgH24C102S: M, 351.1183.43a-L; Colorless crystal; mp 124L124 “C (AcQEt-hexane); 

IR (KBr) 3390 (OH), 1075,103O (SO) cm- l; lH NMR 8 1.05 (3H, t, J=7 I-Ix), 163.0 (8H. m). 3.83 (lH, &I, 
fi5.6 Hz), 7-O-7.8 (lOH, m); MS m/z (96) 351 (cM+I-Ij+, trace), 281 (trace), 126 (70), 91 (100). Found: m/z 

351.1174. Calcd for ClgH24ClO2S: M, 351.1183. 2-Chloro-l-(4-fluorophenyl)-2-@-tolylsuIfinyl)-l-pentano1 

(43b): 43b-P; Colorless crystals; mp 137-139 ‘C (AcOEt-hexane); IR (KBr) 3360 (OH), 1075,1@45 (SO) cm-l; 

lH NMR 8 0.75 (3H, t, k7 Hz), 1.1-1.8 (4H, m). 243 (3H. s), 535 (HI, s), 6.9-7.7 (8I-I. m). Found: C, 
61.05; H, 5.66; Cl, 9.88; F, 5.25; S, 8.92%. Calcd for Cl8I-I2oClFO2S: C, 60.92; H, 5.68; Cl, 9.99; F, 5.35; 
S, 9.W%. 43bL; Colorless crystals; mp 126-128 “C (AcOEt-hexane); IR (KBr) 3280 (OH), 1080,105O (SO) 

cm-l;lHNMR8 l.tY2(3H,t.J=7Hz). 1521(4H,m),249(3H,s).4.93 (lH, s),6.87.9@H, m). Fourxb 
C, 61.03; H, 5.66; Cl. 9.88; F, 5.25; S, 8.92%. Calcd for Cl8I-I20ClFO#: C. 6O.q H, 5.68; Cl, 9.99; F, 
5.35; S, 9.03%. 2-Chloro-1-phenyl-2-(p-tolylsulfinyl)-1-pentanol (43~): 43c-P; Colorless crystals; mp 1% 

126 “C (AcOEt-hexane); IR (KBr) 3360 (OH), 1075,104O (SO) cm-l; lH NMR 8 0.73 (3H, t, 5=7 Hz), 1.1-1.9 

W-I, m). 2.44W-I. s), 5.32 (HI, s), 7.2-7.8 (9H, m); MS m/z (46) 337 (IM+I-IJ+, trace), 284 (0.4), 179 (7) 
l40(100). Found mlz 337.1045. Calcd for C@-I22C!Q@: M, 337.1028. 43c-L; Colorless crystals; mp 139- 

140 ‘C (AcOEt-hexane); IR (KBr) 3360 (0H);1080,1040 (SO) cm-l; 1 H NMR 5 l.Ol(3H. t, k7 Hz), 1.420 
WI, m). 2.49 (31-I. 8). 4.95 (lH, s), 7.2-79 (9H, m); MS m/z (%) 337 (W+I-Ij+, trace), 284 (0.3), 179 (15), 
140 (100). Found: m/z 337.1018. Cakd for C@i22C@S: M, 337.1028. 2-Chloro-1-(4methoxypheny1)-2- 
@-tolylsulfinyI)-l-pentanol(43d): 43d-P; ColorIess crystals; mp 112-115 ‘C (AcOEt-hexane); IR (RBr) 3350 
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(OH), lOSO, 1045 (SO) cm-l; 1~ NMR 6 0.74 (3H, t, S=7 Hz), 1.1-1.8 (4H, m), 243 (3H, s), 3.79 (3H. s), 
5.27 (1H. s), 6.7-7.7 (SH, m). Found: C, 62.03; H, 6.38; Cl, 9.61; S, 8.71%. Calcd for ClgH23CIojS: C, 
622Q H, 632; CJ, 9.66, S, 874%. 43d-L; Colorless crystals; mp 127-129 “C (AcOEt-hexane); IR (KBr) 3300 

(OH), 1060,104O (SO) cm-l; 1H NMR 8 1.01 (3H, t, J=7 Hz), 1.520 (4H. m), 247 (3H. s). 3.75 (3H, s), 
4.90 (lH, s), 6.7-7.9 (SH, m). Found: C, 62.36; H, 6.37; Cl, 9.51; S. 8.49%. Calcd for ClgH23C103S: C, 
62.u); H, 6.32; Cl, 9.66, S, 8.74%. 

Ketones 44 and Aldehydea 45. (Table 3) I-Phenyl-3-heptanone (44a): Colorless oil; IR (neat) 1715 
(CO) cm- 1; 1~ NMR B 0.87 (3H, t, J=7 Hz), 1.1-2.0 (4H, m). 238 (X-I, 5 J=7 Hz), 2.5-3.0 (4H, m). 7.0-7.4 
(5H, m); MS m/z (8) 190 (M+, 37), 148 (17), 133 (35), 91 (100). Found: m/z 190.1356. Calcd for C13Hl@ 

M, 190.1356. Aldehyde (45a): 1H NMR 8 9.55 (d, .k3 Hz, CHO). 1-(4Fluorophenyl)-I-pentanone (44b): 

Colorless oil; IR (neat) 1680 (CO) cm- 1; 1~ NMR B 0.95 (3H. t, ~=7 Hz), 1.1-1.9 (4H, m), 294 (W. t, J=7 
Hz), 6.8-7.4 (3H, m), 7.8-8.1 (2H, m); MS m/z (8) 180 (M+, 5), 151 (23), 138 (28), 123 (48), 109 (100). 
Found: m/z 180.0954. Calcd for CllHl3FO: M, 180.0949. 2-(4Fluorophenyl)pentanal (45b): Colorless oil; 

IR (neat) 1725 (CO) cm-l; lH NMR 8 0.91(3H, t, J=7 Hz), 1.0-2.3 (6H, m). 3.48 (lH, m). 6.8-73 @I-I, m). 
9.59 (l& d, J=2 Hz); MS m/z (46) 180 (M+, 5), 151 (20), 109 (100). Found: m/z 180.0953. Calcd for 

CllH13FO: M, 180.0949. 1-Phenyl-1-pentanone (44c): Colorless oil; IR (neat) 1690 (CO) cm-l; 1~ NMR 8 
0.95 (3H, t, J=7 Hz), 1.1-1.9 (4X-I, m), 2% (W, f J=7 Hz), 7.1-8.0 (5H, m); MS m/z (%) 162 (M+, 1 l), 120 
(36), 105(100). Found: m/z 162.1051. Calcd for CllH140: M, 162.1044. 2-Phenylpentanal(45e): Colorless 

oil; IR (neat) 1735 (CO) cm-l; 1~ NMR 8 0.91 (3H, t, J=7 Hz), 1.0-2.3 (4H, m), 3.49 (1H. m). 7.0-7.5 (%-I, 
m), 9.61 (lH, d, J=2 Hz); MS m/z (8) 162 (M+, 6), 133 (21), 91 (100). Found: m/z 162.1043. Calcd for 
CllH140: M, 162.1044. 1-(4Methoxyphenyl)-I-pentanone (44d): Colorless oil; IR (neat) 1675 (CO) cm-l; 
lH NMR d 0.94 (3H, t, J=7 Hz), 1.1-1.9 (4H, m). 2.91 (2I-L t, J=7 Hz), 3.84 (3H. s), 6.87.0 (2H. m), 7.8 
8.0 (2H, m); MS m/z (8) 192 (M+, 7), 150 (48), 135 (100). Found: m/z 192.1151. Calcd for C12H1602: M, 
192.1150. 2-(4Methoxyphenyl)pentanal(45d): Colorless oil; IR (neat) 1730 (CO) cm-l; 1H NMR d 0.92 (3& 
t, J=7 Hz), 1.1-2.2 (4H, m), 3.44 (HI, m). 3.78 (3H. s). 6.7-7.2 (4X-I. m). 9.58 (lH, d, k2 Hz); MS m/z (8) 
192 (M+, 9), 163 (36), 121 (100). Found: m/z 192.1147. Calcd for C12Hf6CQ: M, 192.1149. 

Chloro Alcohols 48-55. (Table 4) 6-[Chloro(p-tolylsulfinyl)methyl]-6-undecanol(4S): Colorless crystals; 
mp 81-84 “C (AcOEt-hexane); IR (KBr) 3380 (OH), 1080,1040 (SO) cm-l; 1~ NMR 6 0.7-1.0 (6I-L m), Ll- 
2.2 (16H, m), 2.42 (3H, s), 4.34 (lH, s), 7.2-7.5 (4H, m); MS m/z (%) 358 (M+, trace), 341 (0.8). 219 (3), 
140 (100); Found m/z 358.1725. Calcd for ClgH3lClO2S: M, 358.1731. l-{Chloro@-tolyhmlfinyl)methyl]-l- 
cyclododecanol(49): Colorless crystal6; mp 145147 “C (AcOEt-hexane); IR (KBr) 3330 (OH), 1080,104O (SO) 

cm-l; 1~ NMR 8 1.1-2.4 (22H, m). 243 (3H, s), 4.28 (1H. s), 7.4-7.6 (4H, m). Foumk C, 64.81, H, 8.48, 
Cl, 9.53; S, 8.76%. Calcd for C20H31ClO2S: C, 64.75; H, 8.42; Cl, 9.58; S, 8.64% l-[l-Chloro@- 
tolylsulfinyl)methyl]-1-tenalol (50): 5OP; Colorless crystals; mp 126-128 “C (AcOEt-hexane); IR (KBr) 3390 

(OH), 1085, 1040 (SO) cm-l; 1~ NMR 8 1.7-2.6 (4H. m). 2.49 (3H. s), 2.89 (W, t, J=6 Hz), 4.68 (1H. s), 
7.0-7.6 (SH, m). Found: C, 64.52; H, 5.74; Cl, 10.53; S, 9.52%. Calcd for Cl8HlgC102S: C, 64.56; H, 5.72; 
Cl, 10.9, S, 9.58%. 5OL; Colorless crystals; mp SGt38 “C (AcOEt-hexane); IR (KBr) 3430,334O (OH), 1080, 

1055, 1035 (SO) cm-l; 1~ NMR 8 1.62.6 (4H, m), 2.38 (38 s). 2.7-3.0 (W, m). 4.93 (lH, s), 7.1-7.5 (SH, 
m). Found: C, 64.34; H, 5.75; Cl, 10.83; S, 9.49%. Calcd for Cl@-IlgC102S: C, 64.56; H, 5.72; c1, lO.W, S, 
9.58%. I-Chloro-Z( I-naphthyl)- 1-@-tolylsulfinyl)-2-propanol(51): Colorless crystals (about 4: 1 diastereomeric 

mixture); IR (Kl3r) 3370 (OH), lOS5,1050 (SO) cm -1; 1H NMR 6 2.05 (3H, s), 2.35 (3H, s), 5.41 (O.W, s), 
5.45 (O.SH, s), 7.0-8.2 (7f-K m). 1-Chlorc-2-(2-naphthyl)-1-@-tolylsulfinyl)-2-propanol (52): Colorless 

crystals (about 3:2 diastereomeric mixture); IR (KBr) 3300 (OH), 1085, 1050 (SO) cm-l; 1H NMR S 1.82 
(l.SH, s), 2.12 (l.W, s), 238 (3H. s), 4.71 (O.&I. s), 4.77 (0.6H, s), 7.2-8.2 (9H, m). 2-Chloro-1-(4- 
methoxyphenyl)-2-@ylsulfinyl)-l-ethanol (53): Colorless amorphous (about 3:2 diastereometic mixture); IR 

(KBr) 3340 (OH), 1030 (SO) cm-l; 1~ NMR 8 2.41 (1.8H, s), 2.43 (1.2H, s), 3.79 (1.2H, s). 3.81 (1.8H, s), 
4.54.7 (IH, m), 5.00 (0.4H, m). 5.28 (0.6H. m). 6.8-7.6 (8H, m). 2-Chlorol-(2-naphthyl)-2-@- 
tolylsultinyl)-l-ethanol (54): Colorless amorphous (about 1:1 diastereomeric mixture); IR (KBr) 3330 (OH), 
1040 (SO) cm-l; 1~ NMR 6 239,242 (each lSH, s), 454.9 (lH, m). 5.1-53 (OSH. m). 5.45560 (OSH, 
m), 7.2-8.0 (1 lH, m). 1-Chloro-4-phenyl-1-@-tolylsulfinyl)-2-butano] (95): Colorless amorphous (about 1: 1 
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diaster~meriic axe); IR (KBr) 3360 (OH), 1090,104O (SO) cm-l; 1~ NMR & 1.8-2.4 (W, in), 2.42 (3H, 
s), 2.629 (2&I, m), 4.10 (OSH, m). 4.20 (OSH, m). 4.40 (lH, m). 7.1-7.6 (srtr, m). 

Z-Benzoe&ero~e (59). Cdorlem oil; IR (neat) 1705 (CO) cm-l; 1H NMR 8 1.8-2.2 (w, ml, 2.~7 (BE, 
t, J=7 Hz), 295 (wl f J=7 Hz), 3.71 (ZH, s), 7.15 (4H, m); MS lilt (%) 160 (@, iflO), 145 (8), 132. (I I), 
117 (21), 105 (61). Found: a& 160.0885. Calcd far Cl lHl20: M, 160.08!36. 

3-(l-~aph~yl)-~p~p~one (60). Colorless oil; IR (neat) 1710 (CO) cm-l; 1H NMR 8 2.07 (3H. s), 
4.06 (2H, s), 7.3-7.9 (9H, m); MS m/z (%) 184 (M+, 40), 141 (100). Found: m/r lS4.OS81. Calcd for 
Cl3Hl2Oz M, 184.0887. 

3-(~N~ph~~)-~p~~o~e (61). Colorless oil; IR (neat) 1713 (CO) cm-l; 1H NMR 6 2.17 (3H, s), 
3.84 (2H, s), 7.1-7.9 (9H, m); MS m/z (%I l&I (M+, 33, 141 (100). Found: n&z lM.0893. Caled for 
C13Hl2O: M, 184.0887. 

Products 56-58, and 6264 are known compounds. 
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