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The formations of 5 and 17, synthetic equivalents of the a-lithioalkylthio and a-lithiodialkylthio functions, 
respectively, by deprotonations of the corresponding carbamate 4 and thioester 16 are reported. The reactions 
of these formally dipole-stabilized carbanions with a variety of electrophiles and their use in syntheses of 
2,3-substituted thiiranes are demonstrated. The rearrangement of 17 to an a-thiol ketone is shown to be 
intramolecular by a double labeling experiment. Potentially chiral or conformationally isomeric a’-lithio thioesters 
are found to be racemized and equilibrated. Formations of secondary a’-lithio thioesters in medium chain, 
j3’-dimethylamino, and allyl systems are reported while p-alkoxy groups are shown to eliminate to give vinyl 
thio esters which undergo further metalation. The kinetic acidity of a methyl thioester is shown to be comparable 
to a propenyl thioester and greater than an ethyl thioester. 

The a’-lithio thioesters, 1, formed by deprotonations of 

I 

3 

c J 

1 

thioesters 2 and converted on reactions with electrophiles 
to the substituted products 3, provided early examples of 
dipole-stabilized carbanion~.l-~ Primary and allyl a’-thio 
carbanions corresponding to  1 have also been generated 
by deprotonations of 2 - t h i o t h i a ~ o l i n e s , ~ ~ - *  2-thio- 
oxazolines,2rr 2-thioimidazole~,~~ 2-thiopyridinesF thio- 
imidates,2v iminodithiocarbonates,%P% dithiocarbonates,2e 
mono- and dithiocarbamatesY2g-j and vinylogous thio- 
esters.2k-miq These carbanions provide the a-lithio- 
methanethiol synthon and also synthetic equivalents for 
the allyl,“ vinyl,* and p-acrylic acid anions%v2j 
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Chem. SOC. 1978,100,5428. (b) Kreieer, W.; Wurziger, H. Tetrahedron 
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Y.; Nakai, T. Chem. Lett. 1979,1361. (k) Marino, J. P.; Katterman, L. 
C. J.  Chem. SOC., Chem. Commun. 1979, 946. (1) Isobe, K.; Fuse, M.; 
Kosagi, H.; Hagiwara, H.; Uda, H. Chem. Lett. 1979,785. (m) Marino, 
J. P.; Kostusyk, J. L. Tetrahedron Lett. 1979,2493. (n) Johnson, C. R.; 
Nakanishi, A.; Nakanishi, N.; Tanaka, K. Zbid. 1976,2865. (0) Johnson, 
C. R.; Tanaka, K. Synthesis 1976,413. (p) Meyers, A. I.; Ford, M. E. 
Tetrahedron Lett. 1976, 2861. (9) Meyers, A. I.; Ford, M. E. J. Org. 
Chem. 1976,41,1735. (r) Meyere, A. I.; Mihelich, E. 0. Angew. Chem., 
Znt. Ed. Engl. 1976,15,270. (8)  Hoppe, D. Zbid. 1975,14,424. (t) Hoppe, 
D.; Follmann, R.; Beckmann, L. Justus Liebigs Ann. Chem. 1980,1765, 
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1980,102, 7929. 

(3) For recent theoretical support for dipole stabilization of carbanions 
from eaters and amides see: Rondan, N. G.; Houk, K. N.; Beak, P.; %del, 
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Table I. Reactions from 
Ethyl  N,N-Dimethylthiocarbamate (4 ) 

electrophile product yield, % 

CH,OD 4 - d 1 , E =  D 85 (98%di j 
n-C,H,,I 6, E = n-C,H15 81 
C,H,CH,Cl 7, E = C,H,CH, 66 
CH,CHO 8, E = CH,CHOH 76 
C,H,CHO 9, E = C,H,CHOH 50 
(C,H,),CO 13 67 

and for the methylene and 1,3-propenone d i a n i o n ~ . ~ ~ , ~ j * ~  
With the exception of allylically activated cases, lithia- 

tions to give secondary derivatives of 1 have been limited 
to monothiocarbonates and sterically hindered esters while 
lithations to  give tertiary derivatives of 1 have not been 
reported. We report formation of secondary a’-lithio 
thiocarbamates and tertiary a’-lithio thioesters and ex- 
ploration of the chemistry of these novel systems. 

Results and Discussion 
Lithiation of Thiocarbamates. Ethyl N,N-di- 

methylthiocarbamate (4) undergoes lithiation to  give 5, 
which reads readily with electrophiles to give the expected 
products 6-9 in useful yields as shown in Scheme I and 
Table I. Representative conversions of 6-9 have been 
carried out as shown in the scheme. Hydrolysis gives the 
substituted thiols which can be converted to thioesters. 
For example, 6 is converted to 10 in 47% yield on treat- 

@ 

(4) ja)  Hira, K.; Kishida, Y. Heterocycles 1974,2, 185. (b) Soari, K.; 
Mukaiyama, T. Bull. Chem. SOC. Jpn. 1979,52, 3371. 
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Ar = 2,4,6-triisopropylphenyl. 

Table 11. Reactions from Isopropyl 
2,4,6-Triisopropylth iobenzoate ( 16 ) 

elec trophile product yield, % 

CH,OD 16-d, ,  E = D 69 

CH,I 18, E = CH, 38 a 
(CH,),SiCl 19, E = (CH,),Si 25a 

CH,(CH,),I 21, E = CH,(CH,), 65 

(CH,),C=CHCH,Cl 23, E = (CH,),C=CHCH, 43 
CH,CHO 24, E = CH,CHOH 7 2  

(CD,),CO 26, E = (CD,),COH 30 
(CH,CO),O 27, E = CH,CO 14 

C,H, OCOCl 29, E = C,H,OCO 29 

(85% d , )  

CH3(CH2 13' 20, E = CH,(CH,), 74 

CHJCH, ),Br 22, E = CH,(CH,), 47 

C,H,CHO 25, E = C,H,CHOH 51 

C,,H,COOCH, 28, E = C,H,CO 54 

CO, 30, E = COOH 35 
a Low yields attributed to difficulties in product isola- 

tion. 

ment with potassium hydroxide and reaction with benzoyl 
chloride while 7 is converted to 11 in 62% yield when 
hydrolysis is followed by treatment with acetic anhydride. 
The P-hydroxy adduct 9 (E = C6H6CHOH) is converted 
to the thiirane 12 in 81 % yield on treatment with sodium 
hydride. Reaction of 5 with benzophenone followed by 
base, however, provides the olefin 13 in 62% yield, pre- 
sumably via the substituted carbamate and the thiirane. 
The synthesis of 14 from n-heptyl N,N-dimethylthio- 
carbamate 15 in 76% yield demonstrates the synthesis of 

15 14 

a 2,3-disubstituted thiirane without isolation of the in- 
termediates. Attempted metalation of isopropyl N,N- 
diethylthiocarbamate was not successful a t  -98 "C. 

These results show that thiocarbamates are useful in the 
generation of a-lithioalkanethiol synthetic equivalents. 
The  syntheses of thiocarbamates from thiols are 
straightforward, the metalation and substitution is now 
established, and the hydrolyses are relatively easy. 

Lithiation of Thioesters. The sterically hindered 
isopropyl 2,4,6-triisopropylthiobenzoate (16) can be lith- 
iated a t  -98 "C in 2 h to give 17, which undergoes addition 
to a variety of electrophiles to give the products 18-30 as 
shown in Scheme I1 and Table 11. While 17 did not 
appear to react with acetone, a 30% yield of adduct 26 was 
obtained on reaction with acetone-d6, and the recovered 
ester from this reaction was 70% 17-dl. The apparent 
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Ar = 2,4,6-triisopropylphenyl; Ar' = 2,6-diisopropylphenyl, 

failure of the reaction with acetone is then attributed to 
competing enolization. Reaction of 25 with sodium hydride 
gave 2,2-dimethyl-3-phenylthiirane (31). This result and 
the above thiirane syntheses from the carbamates extend 
the methodology used to convert aldehydes and ketones 
to 2-substituted thiirane~-"*~ to 2,3-substituted thiiranes. 
Reduction of 21 with lithium aluminum hydride gives 
2,4,6-triisopropylbenzyl alcohol and a volatile material 
characterized by 'H NMR as 2-methylheptane-2-thiol. 
Thus, 17 is an a-lithiodialkanethiol synthetic equivalent. 

When the lithiation of 16 was carried out a t  -78 "C or 
a solution of 17 was allowed to  warm from -98 to -78 "C 
and acetic anhydride was used as an electrophile, the keto 
thioester 32 was obtained in 30% yield as shown in Scheme 
11. The structure of 32 was confirmed by hydrolysis and 
reduction of the resulting thiol ketone to isopropyl 2,4,6- 
triisopropylphenyl ketone. 

Two paths can be envisioned for the formation of 33, 
the precursor of 32 as shown in Scheme 111. Intramo- 
lecular addition to the carbonyl could provide 33 via the 
thiirane 34; intermolecular attack on the carbonyl of a 
second molecule of 17 could provide 35, which could give 
33. An analogous intermolecular route was shown to be 
the pathway of formation of P-diketones from sterically 
unhindered thioesters.2a 

These two paths can be distinguished by the double 
labeling experiment shown in Scheme IV. Lithiation, 
rearrangement, and acylation of an equimolar mixture of 
isopropyl 2,4,6-triisopropylthiobenzoate (16) with iso- 
propyl-d6 2,6-diisopropylthiobenzoate (36) will give two 
products, 32 and 37, in the case of the intramolecular 
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pathway, while four products, 32 and 37-39, result from 
the intermolecular proce~ses .~  The products are readily 
distinguishable by mass spectrometry. An equimolar 
mixture of 16 and 36 gave a mixture of products that  
displayed molecular ions for 32 and 37, at  mle 312 and 348, 
but not for 38 and 39, a t  m l e  306 and 354. We estimate 
on this basis that  a t  least 80% of the conversion of 16 to 
33 proceeds via 34 on the intramolecular pathway. A 
similar rearrangement was reported by Hayashi and Baba 
for the reaction of P-methylallyl and benzyl N,N-di- 
methyldithiocarbamates with lithium diisopropylamide in 
HMPAITHF at  -60 “C as an intramolecular “thio-Wittig” 
rearrangement.6 I t  is interesting that with the thioesters 
the tertiary system undergoes rearrangement and the 
primary, secondary, and allyl systems (vide infra) are 
stable. In the case of the esters the allyl system rearranged, 
whereas the primary and secondary organolithiums were 
stable.ld 

The finding that it is possible to form tertiary a’-lithio 
thioesters allows the investigation of the configurational 
stability of these species. Metalation of (S)-2’-octyl 
2,4,6-triisopropylthiobenzoate ((S)-40) followed by reaction 

0 H 0 
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trans by comparison of the C-S stretch in the IR spectrum 
with those of 41 and 42, by the fact that the signals for the 
methylene groups of 43 in the ‘H NMR spectrum are 
similar to  those in the spectrum of 42, and by analogy to 
the course of the deuteration. If i t  is presumed that re- 
actions of the intermediate 44 occur with retention of 
configuration, the stereochemistry shown, with an axial 
lithium, may also be assigned. These results show that 
metalated a’-lithio thioesters are configurationally equil- 
ibrated either in the formation of the lithiated species, in 
the intermediate organometallic, or in quenching the re- 
action. 
Our studies of d-lithio esters suggest that medium chain, 

a’ and 0’ heterosubstituted, and allyl systems give ab- 
normal reactions.ld With a’-lithio thioesters only the p’- 
alkoxy substituents lead to products different from those 
expected for direct substitution. 

Deprotonation of heptyl2,4,6-triisopropylthiobenzoate 
(45) is accomplished with sec-BuLiITMEDA at  -98 O C  in 

c. 

I 1  I Ill sec-Buii II 
Ar-C-S-C--iCt!,i,CH, (2 )  CHSOD 9 Ar-C-S-CD(CH,)(CH,)5CH, 

(S)-40 (R, S)-40-dI 

Ar = 2,4,6-triisopropylphenyl 

with methanol-d gives a mixture of (S)-40 and 66% 2- 
deuterio-2’-octyl2,4,6-triisopropylthiobenzoate (40-dl). On 
the basis of the assumption that deuterium has little effect 
on the optical rotation, the product is 68% ra~emized.~ A 
similar reaction gave material that was 40% 40-dl by mass 
spectral analysis and 38% racemized as determined by 
optical rotation. 

In a different test of the configurational stability of the 
a’-lithio thioesters, the metalations of cis- and trans-4‘- 
tert-butylcyclohexyl2,4,6-triisopropylthiobenzoate (41 and 
42, respectively) were investigated. Deprotonation of the 

41 44 

o E  o i ; ’  
ll 

ArCS 

42-d,,  E = D 42 
43, E = CH, 

Ar = 2,4,6-triisopropylphenyl 

cis-isomer 41 with sec-BuLiITMEDA followed by reaction 
with methanol-d gives after chromatographic separation 
41 and completely deuterated trans-isomer 42-d1 in 47% 
yield. When 42 is metalated and the anion is quenched 
with methanol-d, a mixture of 42 (80%) and 42-d, (20%) 
is obtained. Similarly the metalations of 41 and 42 fol- 
lowed by reaction with iodomethane give a single product, 
43. The stereochemistry of the product 43 is assigned as 

(5 )  It w a ~  established that 36 undergoes lithiation, rearrangement, and 
acylation to 37 at -78 “C in an independent experiment in the absence 
of 16. 

(6) Hayashi, T.; Baba, H. J. Am. Chem. SOC. 1976, 97, 1608. 
(7) Fryzuk, M. D.; Bosnich, B. J. Am. Chem. SOC. 1977, 99, 6262. 

45, R = n-C,H,, 
48, R = CH,N(CH,), 

O E 
II I 

46, E = (CH,),COH; R = n-C,H,, 
47, E = C,H,CHOH; R = n-C6H1, 
50, E = CH, ; R = CH,N(CH,), 

THF.  Reactions of the intermediate anion with acetone 
and benzaldehyde give the expected @‘-hydroxy thioesters 
46 and 47 in 37% and 68% yields, respectively. The 
medium-length alkyl chain group does not seem to hinder 
the reaction. 

Three thioesters with /3’-heteroatom substitution were 
studied. Metalation of 2’-(diethy1amino)ethyl 2,4,6-tri- 
isopropylthiobenzoate (48) followed by reaction with io- 
domethane gives the expected product 50 in 66% yield. 

The  p’-alkoxy1 system 2’-ethoxyethyl 2,4,6-triiso- 
propylthiobenzoate (49), on the other hand, undergoes 

0 
I I  

OR’ 
I 

0 
I /  

ll I1 
Ar-C-S-CH2-h sec-Buil Ar-C-s-CH=CHR 

49, R = H; R’ = C,H, 
55, R = CH, ; R‘ = CH, 

51, R = H 
57, R = CH, 

I l l  sec-BuLi 
(21 E’ I (4) CH3CHO 

56 52, E = D; R = H 
53, E = CH, ; R = H 
54, E = C,H,CHOH; R = H 
58, E = CH,CHOH; R = CH, 

Ar = 2,4,6-triisopropylphenyl 

elimination of lithium ethoxide under the same metalation 
conditions to give vinyl 2,4,6-triisopropylthiobenzoate (51). 
Metalation of 51 followed by electrophilic trapping with 
methanol-d, iodomethane, or benzaldehyde gives the vinyl 
thioester products 52-54 in 76% (82% dJ, 86%, and 54% 
yields. Similarly, deprotonation of 2’-methoxy- 1’-propyl 
2,4,6-triisopropylthiobenzoate (55) gives the propenyl 
thioester 57 with a Z to E ratio of 1:5.7. Another route to 
this thioester is deprotonation of the methyl thioester 56 
followed by reaction with chlorotrimethylsilane to give 
(trimethylsily1)methyl 2,4,6-triisopropylthiobenzoate 
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which, in a Peterson olefination: is deprotonated and 
trapped with acetaldehyde to give 57 with Z to  E ratio of 
1:1.5. Reaction of 57 with sec-BuLi/TMEDA followed by 
reaction with acetaldehyde gives 58 in 62% yield. 

The eliminations are similar to those previously re- 
ported,1d and the lithiation is analogous to the reaction of 
(S)-2-methylpropenyl NJV-dimethylthiocarbamate with 
t-butyllithium recently reported by Hoppeeg 

I t  is interesting to  note that no product from the de- 
protonation a t  the y-carbon to form an  allylic anion was 
observed in the case of 57. An a’-lithio thioallyl anion, 59, 

Beak and Becker 

60 
i_l+ 

E +  
Ar-C-S-CH-CH=CH 2 -  

59 

61, E = CH, 
62, E = (CH,),CH, 

,. 

1 
Ar-C -S -CH=CHC H2E 

63, E = CH,CHOH 
Ar = 2,4,6-triisopropylphenyl 

was produced, however, when allyl 2,4,64riisopropylthio- 
benzoate (60) was treated with either n-butyllithium or 
lithium diisopropylamide, a t  -98 “C in THF. Reaction of 
59 with iodomethane and 1-iodobutane gives the a-sub- 
stituted products 61 (46%) and 62 (45%), respectively, 
while reaction of 59 with acetaldehyde gives the y-sub- 
stituted product (2)-63 in 62% yield. This regiochemistry 
is similar to  that reported with other a-thioallyl carban- 

Deprotonations of the a’-alkoxy thioesters was briefly 
investigated because of the interesting possibility that the 
intermediate 64 could undergo a Wittig rearrangement to 

ions.2f-hJO 

S ?  0 
I/ 

Ar-C-S-CH20R - Ar-C-S-CHOR 

66. R = CH, 64 

0 R 0 R 

I /  
Ar-C -S -CHOR 

II I 
Ar- C-S-CHO-Li’ 

65 68, E = D; R = CH, 
69, E = CH,; R = (CH,),CH, 

Ar = 2,4,6-triisopropylphenyl 

65, thus providing a novel homologation of an alcohol 
precursor. We find, however, that  deprotonations of the 
methoxymethyl and butoxymethyl2,4,6-triisopropylthio- 
benzoates 66 and 67 give 64 as a stable carbanion a t  -98 
“C. Electrophilic trapping proceeds normally to give 68 

(8) Peterson, D. J. J.  Org. Chem. 1968, 33, 780. 
(9) Hoppe, D.; Beckmann, L.; Follmann, R. Angew. Chem., Int. Ed. 

EngI. 1980,19, 303. 
(10) Biellman, J. F.; Ducep, J. B. Tetrahedron 1971,27,5861. Biell- 

man, J. F.; Schirlin, D. Synth. Commun. 1978,4409. Torri, S.; Tanaka, 
H.; Tomotaki, Y. Chem. Lett. 1974,1541. Sotter, P.; Hornish, R. J. Am. 
Chem. SOC. 1973, 95, 4444. Hirai, K.; Matauda, H.; Kishida, Y. Tetra- 
hedron Lett. 1972, 2743. 

in 65% yield (90% d,) with methanol-d from 66 or to give 
69 in 72% yield with iodomethane from 67. Longer re- 
action times for the anions from 67 give the thiobenzoate 
as indicated by isolation of 56 after addition of iodo- 
methane. Presumably the latter arises from an a,p’ elim- 
ination. 

Relative Kinetic Acidities of Thioesters. We have 
previously shown the methyl thioester 56 is thermody- 
namically more acidic than dimethyl sulfide.& Attempts 
to similarly determine the relative thermodynamic acidities 
of these substituted thioesters failed because equilibration 
appears to be slower than decomposition. Thus, when the 
anion of ethyl 2,4,6-triisopropylthiobenzoate (70) was 
generated, treated with the methyl thioester 56 and sub- 
sequently with methanol-d, the the product contained 
deuterium mostly in the ethyl thioester. However, when 
a mixture of 70 and 56 was treated with sec-BuLi/TMEDA 
followed by methanol-d, the only product obtained was the 
deuterated methyl thioester 56-dl. Addition of sec- 
BuLi/TMEDA to a mixture of 56 and the propenyl thio- 
ester 57 gave, after quenching with methanol-d, thioesters 
containing comparable amounts of deuterium. 

These experiments show that the methyl thioester 56 
is kinetically more acidic than the ethyl thioester 70 and 
that 56 has a kinetic acidity comparable to the vinyl proton 
of the propenyl thioester 57. 

Summary. The present studies of the lithiations of 
thiocarbamates and thioesters provide a’-lithio thio in- 
termediates that  are synthetic equivalents for the a-lith- 
ioalkanethiol and a-lithiodialkanethiol species. The use 
of these species in thiirane synthesis is demonstrated. In 
addition, the formation and electrophilic trapping of 
primary, vinyl, and allyl a’-lithio thioesters is reported. 
Neither configurational nor conformational stability is 
found with tertiary a‘-lithio thioesters. 

Experimental Section12 
General Methods. Materials and solvents from commercial 

sources were used without further purification with the following 
exceptions: tetrahydrofuran (THF) was distilled from sodium 
benzophenone ketyl, N,N,”,N’-tetramethylethylenediamine 
(TMEDA) was distilled from calcium hydride, and hexane used 
for chromatography was bulk grade distilled from molecular sieves. 
The activities of the sec-butyllithium (sec-BuLi) and n-butyl- 
lithium (n-BuLi) were determined by titration with 2-butanol 
using 1,lO-phenanthroline as indicator. 

Thiocarbamates and thioesters were in general prepared by 
reaction of the thiol with sodium hydride in diethyl ether followed 
by addition of the appropriate acid chloride, extractive workup, 
and medium pressure liquid chromatography (MPLC) or dis- 
tillation.12b The preparation of 16 is representative. 

Isopropyl 2,4,6-Triisopropylthiobenzoate (16). A solution 
of 10.0 g (40.3 mmol) of 2,4,6-triisopropylbenzoic acid13 and excess 
thionyl chloride was stirred for 18 h and heated at reflux for 5 
h, and the thionyl chloride was removed by distillation. To the 
residue were added 50 mL of 2-propanethiol and 120 mmol of 
sodium hydride, and the mixture was heated at reflux for 40 h. 
The 2-propanethiol was removed by distillation and the residue 

(11) Biellmann, J. F.; d’orchymont, H.; Schmitt, J.-L. J. Am. Chem. 
SOC. 1979,101, 3283. 

(12) Melting pointa and boiling pointa are uncorrected. Chromato- 
graphic separations were done with a medium-pressure system using a 
Fluid Metering, Inc., pump, silica gel columns, and an ISCO UV detector. 
Intrared spectra were obtained by using a Perkin-Elmer 137 or 237B 
spectrophotometer. NMR spectra were obtained using a Varian EM390 
spectrometer. Mass spectra were obtained by C. Cook and associates 
using a Varian MAT CH-5 spectrometer. Elemental analyses were done 
by Mr. J. Nemeth and associates. (b) Details are available: Becker, P. 
Ph.D. Thesis, University of Illinois, Urbana, IL, 1981, available from 
University Microfilms, Ann Arbor, MI. 

(13) Fuson, R. C.; Horning, E. C. J.  Am. Chem. SOC. 1940,62, 2962. 
Fuson, R. C.; Corse, J. Ibid. 1938,60, 2063. Schlecker, R.; Seebach, D.; 
Lubosch, W. Helu. Chim. Acta 1978, 61, 512-526. 
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dissolved in diethyl ether, washed with aqueous NH4Cl, and dried 
(MgS04). The solvent was removed at  reduced pressure and the 
residue distilled at reduced pressure ((145-152 OC (1 torr)) to give 
9.95 g (81%) of 16 as an oil, which on standing formed crystals: 
mp 52 OC; IR (neat) 2930,1663,1605,1460,1385,1211,947,901, 
835,772 cm-'; 'H NMR (CC14) 6 1.23 (d, 18, J = 7 Hz, Ar CH- 
(CH3)z), 1.39 (d, 6 , J  = 7 Hz, SCH(CHJ2), 2.9 (m, 3 , J  = 7 Hz, 
Ar CH(CH,)*), 3.76 (m, 3 , J  = 7 Hz, SCH(CH3)z),6.83 (8, 2,Ar 
H); mass spectrum (70 eV), m/e (re1 intensity) 306 (0.35), 232 
(20), 231 (NO), 217 (lo), 129 (4), 91 (4), 43 (5 ) ,  41 (3). Anal. 
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(mull) 2900, 1680 (C=O), 1460, 1210, 900, 770 cm-'; 'H NMR 
(CC14) 6 1.04 (t, 6, J = 7 Hz, NCHzCH,), 1.23 (d, 18, J = 7 Hz, 
Ar CH(CH3)z), 23-2.7 (m, 6, CHzNCHzCH3), 2.7-3.1 (m, 5, Ar 
CH(CH3)z, SCHzCHz), 6.83 (e, 2,Ar H). Anal. (CzzH3,0NS) C, 
H, N, S. 

2'-Ethoxyethyl 2,4,6-triisopropylthiobenzoate (49) was 
prepared from 2,4,6-triisopropylbenzoyl chloride and ethoxy- 
ethanethi01'~J' in 75% yield as a waxy solid: mp 43-46 "C; IR 
(mull) 2910, 1680 (C=O), 1460, 1380,1110,950,900, 770 cm-'; 
'H NMR (CC14) 6 1.10 (t, 3, J = 7 Hz, OCHzCH3), 1.22 (d, 18, 
J = 7 Hz, Ar CH(CH3)z), 2.90 (m, 3, J = 7 Hz, Ar CH(CH3)J, 

3.54 (t, 2, J = 6 Hz, SCHzCHzO), 6.83 (s, 2, Ar H). Anal. 
(CmH320zS) C, H, S. 

Isopropyl-de 2,6-diisopropylthiobenzoate (36) and 2'- 
methoxypropyl 2,4,6-triisopropylthiobenzoate (55) were 
prepared by lithiation and electrophilic trapping of the appropriate 
methyl thioesters. 

Allyl 2,4,6-triisopropylthobenzoate (60), methoxymethyl 
2,4,6-triisopropylthiobenzoate (66), and butoxymethyl 
2,4,6-triisopropylthiobenzoate (67) were prepared by dis- 
placements of 2,4,6-triisopropylthiobenzoate on the appropriate 
halide. Details are available.12bJ8 

General Procedure for Reaction of Thiocarbamates and 
Thioesters with sec-BuLi/TMEDA or  n -BuLi. Glassware 
was oven-dried at 150 "C and allowed to cool under a nitrogen 
atmosphere prior to use. The thiocarbamate or thioester was 
dissolved in THF and cooled to -78 "C (dry ice/2-propanol) or 
-98 OC (liquid nitrogen/methanol). After addition of 1.1-2 equiv 
excess of sec-BuLi and TMEDA or n-BuLi the solution was 
allowed to stir for 0.5-4 h before the electrophile was added. After 
being allowed to stir an additional 0.5-1 h, the reactants were 
allowed to warm to room temperature. The solution was diluted 
with diethyl ether, washed with saturated ammonium chloride 
and dried (MgSO,). The diethyl ether was removed at reduced 
pressure, and the product was purified by distillation on a 
Kiigelrohr apparatus or by MPLC. Reactants, yields of analyt- 
ically pure products, and spectral characterization will be given 
here. Other details are available.'2bJ8 

l-Deuterioethyl NJV-dimethylthiocarbamate (44) was 
obtained from 4 and methanol-d in 88% yield; IR (neat) 2900, 
2150 (C-D), 1650 (C=O), 1350, 1090, 910, 695 cm-'; 'H NMR 

= 2 Hz, J H H  = 7 Hz, SCHDCH,), 2.9 (s, 6, N(CH3),); mass 
spectrum (70 eV) oscillograph trace, m/e (re1 intensity) 136 (4.9), 
135 (7.5), 134 (loo), 133 (1.78). 

2-Nonyl NJV-dimet hylthiocarbamate (6) was obtained as 
a liquid from 4 and l-iodoheptane in 81% yield; 'H NMR (CC14) 
6 0.9 (m, 3, (CH2),$H3), 1.2-1.6 (m, 15, SCH(CH3)(CHz)6), 2.95 
(s,6, N(CH,),), 3.4 (m, 1, SCH). The thioester 6 was converted 
to the liquid 10 by hydrolysis and reaction with benzoyl chloride 
in 58% yield; IR (neat) 2900, 1660 (C=O), 1210, 915, 775, 690 
cm-'; 'H NMR (CC14) b 0.9 (m, 3, (CHz)6CH3), 1.2-1.6 (m, 15, 
SCH(CH3)(CHz)6), 3.75 (m, 1, SCH), 7.3-8.0 (m, 5, C6H5). 

2-Phenylethyl N,N-dimethylthiocarbamate (7) was ob- 
tained as a liquid from 4 and benzoyl chloride in 66% yield; 'H 
NMR (CCl,) 6 1.2 (d, 3, J = 7 Hz, SCHCH3), 2.55 (d of d, 1, J 

of d, 1, J = 13 Hz, J = 6 Hz, SCHCH,HBPh), 3.65 (m, 1, SCH), 
7.2 (br s, 5, C&). The thioester 7 was converted to 11 by hy- 
drolysis and reaction with acetic anhydride in 70% yield; IR (neat) 
2950,1680 (C=O), 1120,960,755,705 cm-'; 'H NMR (CCl) 1.2 
(d, 3, J = 7 Hz, SCHCH,), 2.2 (8, 3, C=OCH3), 2.5-3.1 (m, 2, 
SCHCHzPh), 3.7 (m, 1, SCH), 7.15 (br s, 5, C6H5). 

3-Hydroxy-%-butyl N,N-dimethylthiocarbamate (8) was 
obtained as a liquid from 4 and acetaldehyde in 76% yield; IR 
(neat) 3400 (OH), 2950,1640 (C=O), 1100,920 cm-'; 'H NMR 
(CC14) 6 1.1-1.4 (m, 6, SCH(CH3)CHCH3), 2.8 (s, 1, OH), 3.0 (s, 
6, N(CH&), 3.4-4.0 (m, 2, SCH(CH3)CHCH3). 

1-Hydroxy-l-phenyl-2-propyl NJV-dimethylthiocarbamate 
(9) was obtained as a solid from 4 and benzaldehyde in 50% yield; 

3.13 (t, 2, J = 6 Hz, SCHZCHZO), 3.42 (q,2, J = 7 Hz, OCHZCHJ, 

(CClJ 6 1.23 (d, 3, J = 7 Hz, SCHDCH,), 2.74 (q of t ,  1.1, J H D  

= 13 Hz, J = 9 Hz, SCHCHAHBPh), 2.95 (9, 6, N(CH,)z), 3.10 (d 

'H NMR (CCl4) 6 1.05 (d, 3, J = 7 Hz, SCHCH,), 2.9 (9, 6, 

(CieHmOS) C, H, S. 
Ethyl NJV-dimethylthiocarbamate (4) was obtained from 

ethanethiol and NN-dimethvlcarbamvl chloride as a liauid in 
89% yield; IR (neatj 2900,1656 (M), i360,1260,1100,9iO cm-'; 
'H NMR (CC14) 6 1.27 (t, 3, J = 7 Hz, SCHzCH3), 2.87 (q, 2, J 
= 7 Hz, SCH2CH3), 3.02 (8, 6, N(CH3),); mass spectrum (70 eV), 
m / e  (re1 intensity) 133 (16.1), 105 (5.7), 100 (4.7), 72 (loo), 58 (4.9), 
43 (9.9), 42 (7.3). Anal. (C5H7NOS) C, H, N, S. 

Heptyl NJV-dimethylthiocarbamate (15) was obtained from 
l-heptanethiol and NJV-dimethylcarbamyl chloride in 80% yield 
as a colorless liquid: IR (neat) 2900, 1650 (C=O), 1360, 1100, 
940, 685 cm-'; 'H NMR (CC14) 6 0.87 (m, 3, (CHZ)&H3), 1.3 (m, 

N(CH,),). Anal. (CloH21NOS) C, H, N, S. 
2'-Octyl2,4,6-triisopropylthiobenzoate (40) was prepared 

from 2-octanethiol and 2,4,6-triisopropylbenzoyl chloride in 60% 
yield as a pale yellow viscous oil: IR (neat) 2930, 1663 (C=O) 
1605,1460,1385,1210,947,901,835,772,725 cm-'; 'H Nh4R (CCh) 
6 0.75-1.75 (34, Ar CH(CH3)z and SCH(CH3)(n-C$113)), 2.9 (m, 
3, J = 7 Hz, Ar CH(CH3)z), 3.67 (m, l,J = 7 Hz, SCH(CH,)(n- 
C6H13)), 6.81 (8, 2, Ar H). Anal. (CUHa0S) C, H, S. 

(5)-2'-Octyl 2,4,6-triisopropylthiobenzoate ((5)-40) was 
prepared from (S)-2-0ctanethiol'~ and 2,4,6-triisopropylbenzoyl 
chloride in 43% yield;  CY]^^^ 20.62 f 1.79' (c 0.1, cyclohexane); 
IR and 'H NMR spectra are identical with those of the racemic 
material. Anal. (CZ4Ha0S) C, H, S. 

cis -4'- tert-Butylcyclohexyl2,4,6-triisopropylt~obenzoate 
(41) was prepared from 2,4,6-triisopropylbenzoyl chloride and 
cis-4-tert-butylcyclohexanethiol'4 in 41% yield; mp 91-92.5 "C; 
IR (mull) 2950,1680 (C=O), 1460,1360, 1205,900,772 (C-S), 
762 (C-S); 'H NMR (CC14) 6 0.87 (s, 9, C(CH,),), 1.27 (d, 18, J 
= 7 Hz, Ar CH(CH3)&, 1.2-2.1 (m, 9, cyclohexyl), 2.9 (m, 3, J = 
7 Hz, Ar CH(CH&), 4.12 (m, l , J  = 2 Hz, SCH(CHz)z), 6.86 (8, 
2, Ar H); 13C NMR (CDC13) 6 23.3 (cyclohexyl-3,5), 23.9 (Ar CC-41, 
24.4 (2,6-(Ar CC-2,6), 27.3 (t-Bu), 30.6 (Ar CC-2,6), 32.0 (cyclo- 
hexyl-2,6), 32.5 (t-Bu), 34.4 (4-Ar CC-4), 42.3 (cyclohexyl-1), 47.8 
(cyclohexyl-4) 121.0 (Ar C-3,5), 136.1 (Ar C-l), 144.4 (Ar C-2,6), 
150.2 (Ar C-4), 197.7 (C=O). Anal. (Cz6H4z0S) C, H, S. 

t rans  -4'- tert -Butylcyclohexyl 2,4,6-triisopropylthio- 
benzoate (42) was prepared from 2,4,6-triisopropylbenzoyl 
chloride and tr~ns-4-tert-butylcyclohexanethiol~~ in 4% yield; mp 
88-90 "C; IR (oil mull) 2900,1680 (C=O), 1460,1370,1210,945, 
900, 767 (C-S) cm-'; 'H NMR (CC14) 6 0.88 (8, 9, C(CH3),), 1.21 
(d, 12, J = 7 Hz, Ar CH(CH3)2), 1.24 (d, 6, J = 7 Hz, Ar CH 
(CH3)2), 1.1-2.4 (m, 9, cyclohexyl H), 2.95 (m, 3, Ar CH(CH3)2), 
3.46 (m, 1, JH H = 12 Hz, JH.H, = 4 Hz, SCH(CH&, 6.85 (8, 
2, Ar H); 13C I&% (CDC13) 6 23.9 (Ar CC), 24.4 (Ar CC-2,6), 27.5 
(t-Bu), 27.7 (cyclohexyl-3,5), 30.6 (2,6-(Ar 2,6-CC), 32.4 (t-Bu), 
33.5 (cyclohexyl-3,5), 34.4 (4-(Ar CC-4), 43.5 (cyclohexyl-1), 47.3 
(cyclohexyl-4), 121.0 (Ar C-3,5), 136.0 (Ar C-l), 144.5 (Ar C-2,6) 
150.2 (Ar C-4), 198.3 (C=O). Anal. (Cz6H4z0S) C, H, S. 

Heptyl 2,4,6-triisopropylthiobenzoate (45) was prepared 
from 2,4,6-triisopropylbenzoyl chloride and l-heptanethioP in 
88% yield as a colorless oil: IR (neat) 2960, 1680 (C=O), 1460, 
1210, 945, 895, 835, 765 cm-'; 'H NMR (CC14) 6 0.75-1.9 (m, 13, 
SCHz-n-C6H13), 1.22 (d, 18, J = 7 Hz, Ar CH(CH3),), 2.9 (m, 3, 

(s, 2, Ar H). Anal. (C23H3s0S) C, H, S. 
2'-(Diethylamino)ethyl2,4,6-triisopropylthobenzoate (48) 

was prepared from 2,4,6-triisopropylbenzoyl chloride and (di- 
ethy1amino)ethanethiol in 83% yield as a pale yellow solid: IR 

10, CHZCHz)&H3), 2.78 (t, 2, J = 7 Hz, SCHZCHZ), 2.96 (5, 6, 

J = 7 Hz, AX CH(CH&), 2.95 (t, 2, J = 7 Hz, SCH2-n-CeH13), 6.82 

(14) Hojo, K.; Yoshino, H.; Mukaiyama, T. Chem. Lett. 1977, 437. 
(15) Eliel, E. L.; Kandasamy, D. J. Org. Chem. 1976,41, 3899. Mag- 

(16) El-Hewehi, V. Z.; Taeger, E. J. Prakt. Chem. 1958, 279, 191. 
nuason, B. Acta Chem. Scand. 1962, 16, 1536. 

(17) Swallen, L. C.; Bourd, C. E. J. Am. Chem. Soc. 1930, 52, 651. 
(18) Details are available as supplementary material, which appears 

in the microfilm edition of this journal. 
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N(CH,),), 3.4 (e, 1, OH), 3.7 (m, 1, SCH), 4.9 (d, 1, J = 2 Hz, 
SCHCHPh), 7.1-7.4 (m, 5, Ar H). 

2-Methyl-3-phenylthiirane (12), obtained as a single dia- 
stereomer from 9 in 81% yield and as a 23:77 mixture of dia- 
stereomers from 4 without purification of intermediates, had 
analytical and spectral properties consistent with the established 
structure.2a 

1,l-Diphenylpropene (13) was obtained from 4 and benzo- 
phenone heated at reflux in ethanol in 62% yield; mp 47.5-48.5 
“C; (lit.19 mp 52 “C). 

2-Hexyl-3-methylthiirane (14) was obtained as a liquid 
mixture of diastereomers from 15 and acetaldehyde in 67% yield 
as deacribed for 12;& IR (neat) 2950,1460,1070,790 cm-’; ‘H NMR 
(CCl,) 6 0.90 (m, 3, (CH2I5CH3), 1.3 (m, 10, (CH2I6), 1.5 (d, 3, J 
= 6 Hz, SCHCH3), 2.5 (m,O&SCHCH), 2.8 (m, 1.2, SCHCH). 
2’-Deuterio-2’-propy12,4,6-triisopropylthobenzoate ( 16-dl) 

was obtained from 16 and methanol-d in 69% yield; mp 51.5-52.5 
“C; IR (neat) 2930,2190 (C-D), 1660 (C=O), 1605,1460,1385, 
1211,947,901,835 cm-’; ‘H NMR (CCl,) 6 1.22 (d, 18, J = 7 Hz, 
Ar CH(CH3),), 1.39 (8,  6, SCD(CH3),), 2.9 (m, 3, J = 7 Hz, Ar 
CH(CH3),), 6.8 (s, 2, Ar H); mass spectrum (70 eV), m / e  (re1 
intensity) 232 (21), 231 (loo), 217 (7), 213 (4), 129 (5), 91 (7), 43 
(21), 41 (9); oscillograph trace (8.6 eV), m / e  (re1 intensity) 310 
(1.36), 309 (6.72), 308 (21.34), 307 (loo), 306 (8.72). 
&&-Butyl 2,4,6-triisopropylthobenzoate (18) was obtained 

from 16 and iodomethane in 38% yield; mp 74-76 “C; IR (mull) 

(C-S) cm-’; ‘H NMR (CCl,) 6 1.25 (d, 18, J = 7 Hz, Ar CH(CH3),, 
1.56 (s, 9, SC(CH,),), 2.95 (m, 3 , J  = 7 Hz, Ar CH(CH,),), 6.82 
(s, 2, Ar H). 
2’-(Trimethylsilyl)propyl2,4,6-triisopropylthiobenzoate 

(19) was obtained from 16 and chlorotrimethylsilane in 25% yield; 
mp 58-62 “C; IR (mull) 2960, 1675 (C=O), 1605, 844 cm-’; ‘H 
NMR (CCl,) 6 0.08 (s, 9, Si(CH3)3), 1.27 (d, 18, J = 7 Hz, Ar 
CH(CH,),), 1.63 (8,  6, SC(CH3)2Si), 2.9 (m, 3, J = 7 Hz, Ar CH- 
(CH3)2), 6.78 (s, 2, Ar H). 
2’-Methyl-2’-hexyl2,4,6-triisopropylthiobenzoate (20) was 

obtained from 16 and iodopentane in 65% yield as a colorless oil: 
‘H NMR (CCl,) 6 0.90 (m, 3, (CH2),CH3), 1.20 (d, 18, J = 7 Hz, 
Ar CH(CH3),), 1.2-1.8 (m, 8, (CH2)4), 1.55 (s, 6, SC(CH&), 3.0 
(m, 3, J = 7 Hz, Ar CH(CH&, 6.85 (s, 2, Ar H). 
Reduction of 21 with lithium aluminum hydride gave a 

low-boiling liquid that was identified by NMR as 2-methyl-hep- 
tane-2-thiol and a highboiling residue in 76% yield identified as 
2,4,64riisopropylbenzyl alcohol: mp 89-90 “C; IR (mull) 3200 
(OH), 1605, 1005, 880 cm-’; ‘H NMR (CCl,) 6 1.2 (d, 18, J = 7 
Hz, Ar CH(CH3),), 2.8 (m, 1, J = 7 Hz, Ar CH(CH,),), 3.3 (m, 
2 , J  = 7 Hz, ArCH(CH3I2), 4.5 (d, 2, J = 3 Hz, CHZOH), 6.9 (s, 
2, Arm. 
2’-Methyl-2’-octyl2,4,6-triisopropylthiobenzoate (22) was 

obtained from 16 and 1-bromohexane as a colorless oil in 47% 
yield; IR (neat) 2940,1680 (C=O), 1460,1210,945,895,765 cm-’; 
‘H NMR (CC,) 6 1.22 (d, 18, J = 7 Hz, Ar CH(CH3I2), 1.5 (s, 6, 
SC(CH3),CH2), 2.92 (m, 3, J = 7 Hz, Ar CH(CH&, 6.85 (s, 2, 
Ar H). 

5’-Methyl-2’- hex-4’-enyl2,4,6-triisopropylt~obenzoate (23) 
was obtained from 16 and l-chlor&-methyl-2-butene as a colorless 
oil in 43% yield; IR (neat) 2960,1680 (C=O), 1460,945,895,770 
cm-’; ‘H NMR (CCl,) 6 1.25 (d, 18, J = 7 Hz, Ar CH(CH3),), 1.52 

CH=C(CH3)CH3),2.58 (d, 2 , J  = 7 Hz,CH,CH=C), 2.95 (m, 3, 

(s, 2, Ar H). 
3’-Hydroxy-2’-methyl-2’-butyl 2,4,6-triisopropylthio- 

benzoate (24) was obtained from 16 and acetaldehyde in 72% 
yield; mp 77-80 “C; IR (mull) 3450 (0-H), 2950,1680 (C=O), 
1460, 1380, 1075, 945, 895 cm-’; NMR (CCl,) 6 1.30 (d, 21, J = 
7 Hz, Ar CH(CH3), and CH(OH)CH,), 1.42 (s, 3, SC(CH3)- 
(CH3)CH), 1.58 (9, 3, SC(CH3)(CH3)CH), 2.95 (m, 4, J = 7 Hz, 
Ar CH(CH3), and OH), 4.04 (q, 1, J = 7 Hz, CH(OH)CH3), 6.90 
(s, 2, Ar H). 
3’-Hydroxy-3’-phenyl-2’-methyl-2’-propyl 2,4,6-triiso- 

1 . 

2920,1660 ( C d ) ,  1460,1360,1210,1160,945,900,885,835,772 

(s, 6, SC(CH3)2CH,), 1.66 (9, 3, CH=C(CH3)CH3), 1.73 (9, 3, 

J = 7 Hz, Ar CH(CH3)2), 5.22 (t, 1, J = 7 Hz, CH,CH=C), 6.87 

Beak and Becker 

propylthiobenzoate (25) was obtained from 16 and benzaldehyde 
as an oil which solidified on standing in 51% yield; IR (neat) 3460 
(0-H), 2980,1675 (C=O), 1460,1150,900,770 cm-’; ‘H NMR 
(CClJ 6 1.27 (d, 18, J = 7 Hz, Ar CH(CH3),), 1.37 (s, 3, SC- 
(CH3)(CH3)), 1.54 (s, 3, SC(CH3)(CH3)), 2.95 (m, 3, J =  7 Hz, Ar 

PhCHOH), 6.92 (8, 2, Ar H), 7.1-7.4 (m, 5, C6H5CHOH). 
2,2-Dimethyl-3-phenylthiirane (31). To 0.95 g (2.31 mmol) 

of 25 was added 0.40 g (9.5 ”01) of sodium hydride (57%, washed 
with hexane). After the mixture was stirred in THF at room 
temperature for 19 h, the solvent was removed in vacuo, and the 
product was dissolved in diethyl ether and washed with water 
and HCI (1 M). Chromatography on silica gel and elution with 
diethyl ether/hexane mixtures gave 0.5151 g (90%) of triiso- 
propylbenzoic acid and an oil which was purified by distillation 
using a Kugelrohr apparatus 70 “C (1 mm)) to give 0.2359 g (62 % ) 
of 31 as a clear liquid: IR (neat) 2950, 1605, 1495, 1450, 1090, 
795, 735, 695 cm-’; NMR (CC,) 6 1.22 (s, 3, cis-SC(CH,)), 1.72 

Anal. (CloH12S) C, H, S. 
2’-Hydroxy-2’-methyl-d3-3’-methyl-3’-butyl-l’-d3 2,4,6- 

triisopropylthiobenzoate (26) was obtained from 16 and ace- 
toned6 in 30% yield; mp 81-84 “C; IR (mull) 3450 (OH), 2900, 
2230 weak (C-D), 1650 (C=O), 1460,1370, 950,905,768 cm-’; 
‘H NMR (CC1,) 6 1.22 (d, 18, J = 7 Hz, Ar CH(CH&), 1.53 (s, 
6, SC(CH3)2C), 2.95 (m, 3, J = 7 Hz, Ar CH(CH,),), 3.38 (s, 1, 
OH), 6.87 (s, 2, Ar H). 

2’-Methyl-3‘-oxo-2‘-butyl 2,4,6-triisopropylthiobenzoate 
(27) was obtained from 16 and acetic anhydride in 14% yield; 
mp 105-105.5 “C; IR (mull) 1706 ( C d ) ,  1660 (C==O), 1605,1121, 
899, 770 cm-’; ‘H NMR (CCl,) 6 1.23 (d, 18, J = 7 Hz, Ar CH- 
(CH3)2),1.57 (s, 6, SC(CH&C=O), 2.3 (s, 3, C=OCH3), 2.9 (m, 
3, J = 7 Hz, Ar CH(CH3),), 6.87 (s, 2, Ar H); mass spectrum (70 
eV), m / e  (re1 intensity) 263 (0.7), 232 (17.4), 231 (loo), 213 (5.0), 
139 (3.47), 91 (3.98), 43 (12.5) 28 (12.7). 
2’-Methyl-l’-phenyl-l’-oxo-2’-propyl 2,4,6-triisopropyl- 

thiobenzoate (28) was obtained from 16 and methyl benzoate 
in 54% yield; mp 96-100 “C; IR (mull) 2960,1680 (C=O), 1475, 
900, 720 cm-’; ‘H NMR (CC14) 6 1.02 (d, 12, J = 7 Hz, Ar CH- 

2.39 (m, 2, J = 7 Hz, Ar CH(CH3),), 2.77 (m, 1, J = 7 Hz, Ar 
CH(CH3),),6.8 (s,2,Ar H), 7.2-7.45 (m, 3,H3, of PhCO), 7.9-8.1 
(m, 2, H2,6 of PhCO). 
2’-Carbethoxy-2’-propyl2,4,6-triisopropylt hiobenzoate (29) 

was obtained from 16 and ethyl chloroformate as an oil in 29% 
yield. IR (neat) 2980,1730 (C=O), 1680 (C=O), 1460,1275,1160, 
950, 900, 770 cm-’; ‘H NMR (CCIJ 6 1.27 (d, 18, J = 7 Hz, Ar 

2.95 (m, 3, J = 7 Hz, Ar CH(CH3),), 4.17 (9, 2, J = 7 Hz, 
OCH2CH3), 6.91 (s, 2, Ar H). 
2’-Carboxy-2’-propyl 2,4,6-triisopropylthiobenzoate (30) 

was obtained from 16 and COP in 35% yield; mp 157-159 “C; IR 
(mull) 2950,1700 (C=O), 1680 (C=O), 1460,1280,1170,895,770 
cm-’; ‘H NMR (CC14) 6 1.25 (d, 18, J = 7 Hz, Ar CH(CH,),), 1.7 
(9, 6, SC(CH,),CO), 3.0 (m, 3, J = 7 Hz, Ar CH(CH3)&, 6.88 (s, 
2, Ar H), 12.06 ( 8 ,  1, COOH). 

(S)-Acetyl-2’-thio-2’-propyl2,4,6-triisopropylphenyl ketone 
(32) was obtained as a viscous liquid in 30% yield if 16 and 
sec-BuLi/TMEDA were allowed to stand 2 h at -78 “C before 
addition of acetic anhydride; IR (neat) 2930, 2690 (C=O), 1605, 
1460,1380,1360,1106,957,877 cm-’; ‘H NMR (CC,) 6 1.07 (d, 
6 , J  = 7 Hz, Ar CH(CH3),),1.23 (d, 6, J = 7 Hz, Ar CH(CH,),), 
1.29 (d, 6, J = 7 Hz, Ar CH(CH3),), 1.73 (s, 6, C=OC(CH,),S), 
2.15 (s, 3, SC=OCH3), 2.75 (m, 3 , J  = 7 Hz, Ar CH(CH,),), 6.84 
(s,2, Ar H); mass spectrum (70 eV), m / e  (re1 intensity) 348 (0.23), 
232 (18), 231 (loo), 217 (la), 129 (5), 91 (6), 43 (12), 41 (6). The 
details of the hydrolysis and reduction of 32, lithiations and 
rearrangements of 36 and of a mixture of 16 and 36, and lithiations 
and deuterations of (S)-40, -41, and -42 are described in sup- 
plementary materiaI.’2bJ8 

trans - l’-Methyl-4’-tert -butylcyclohexyl 2,4,6-triiso- 
propylthiobenzoate, 43 from 41. To 0.3169 g (0.79 mmol) of 
41 at -98 “C was added 1.58 mmol of sec-BuLi/TMEDA. After 
2 h iodomethane (1 mL) was added. The product was purified 
by chromatography on silica gel. Elution with hexane gave 0.1582 
g (48%) of 43 as a colorless solid mp 137-140 “C; IR (mull) 2950, 

CH(CH3)2), 3.38 (d, 1, J = 3 Hz, OH), 5.10 (d, 1, J = 7 Hz, 

(8 ,  3, trUnS-Sc(CH,)), 3.83 ( 8 ,  1, SCHC&&,), 7.20 (m, 5, C6H5). 

(CH3)2), 1.20 (d, 6, J = 7 Hz, Ar CH(CH3)2), 1.85 (s, 6, SC(CH&), 

CH(CH&, 1.33 (t, 3, J = 7 Hz, OCH,CHJ, 1.67 (s, 6, SC(CH3)2C), 

(19) Weast, R. C., Ed. ‘Handbook of Chemistry and Physics”, 56th ed.; 
CRC Press: Cleveland, OH, 1975. 
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1660 (C=O), 1460,1370,1210,1095,945,895,767 cm-‘; ‘H NMR 

1.3-2.3 (m, 9, cyclohexyl H), 1.60 (8, 3, SC(CH,)), 3.0 (m, 3, J = 
7 Hz, Ar CH(CH3)2), 6.86 (s, 2, Ar H); 13C NMR (CDC13) 6 22.2 
(SCCHd, 23.3 (cyclohexyl C-3,5), 23.9 (Ar CC-4), 24.5 (ArCC-2,6), 
27.5 (t-Bu), 30.4 (Ar CC-2,6), 32.4 (t-Bu), 34.4 (Ar CC-4), 37.3 
(cyclohexyl C-2,4), 47.6 (cyclohexyl C-4), 52.8 (cyclohexyl C-l), 
120.9 (Ar C-3,5), 136.0 (Ar C-1), 144.4 (Ar C-2,6) 150.1 (Ar C-4), 
198.9 (C=O). Anal. (CZ7H40S) C, H, S. 

43 from 42. To 0.3403 g (0.85 “01) of 42 at -98 “C was added 
1.69 mmol of sec-BuLi/TMEDA. After 4 h iodomethane (0.13 
mL) was added. The product was purified by chromatography 
on silica gel. Elution with hexane gave 0.3087 g (90%) of a 
colorless solid which is an 8812 mixture of 42 and 43 as shown 
by NMR and ‘H NMR. 
2’-Hydroxy-2’-methyl-3’-nonyl 2,4,6-triisopropylthio- 

benzoate (46) was obtained from 45 and acetone in 37% yield 
as a pale-yellow oil purified by preparative plate chromatography. 
IR (neat) 3450 (OH), 2950,1680 (C=O), 1650,1460,1210,990, 
900, 770 cm-’; ‘H NMR (CC,) 6 0.9 (m, 3, (CH2)&H3), 1.27 (d, 
18, J = 7 Hz, Ar CH(CH3),), 1.32 (s,6, COH(CH3),), 1.3-2.0 (m, 
10, (CH&), 2.27 (8,  1, OH), 2.97 (m, 3 , J  = 7 Hz, Ar CH(CH&),, 
3.7 (m, 1, SCHCH2), 6.90 (8,  2, Ar H). 

l’-Hydroxy-l’-phenyl-2’-octyl 2,4,6-triisopropylthio- 
benzoate (47) was obtained from 45 and benzaldehyde in 68% 
yield as an oil which solidified on standing; IR (mull) 3500 (0-H), 
2900,1660 (C=O), 1460,1210,900 cm-’; ‘H NMR (CCl,) 6 0.88 
(t, 3, (CH2)&H3), 1.20 (d, 6, J = 7 Hz, Ar CH(CH3),), 1.26 (d, 
12, J = 7 Hz, Ar CH(CH3),, 1.25-1.9 (m, 10, CH,),), 2.16 (d, 1, 
J = 3 Hz, OH), 2.8 (m, 3, J = 7 Hz, Ar CH(CH3)2), 4.02 (m, 1, 
SCHCH,),4.84 (m, 1, HOCHPh), 6.85 (8,  2,Ar H), 7.15-7.5 (m, 

l’-(Diethylamino)-2’-propyl2,4,6-t riisopropylthiobenzoate 
(50) was obtained from 48 and iodomethane in 66% yield as an 
oil which solidifies on standing; ‘H NMR (CCl,) 6 1.03 (t, 6, J 
= 7 Hz, NCH2CH3), 1.25 (d, 18, J = 7 Hz, Ar CH(CH&), 1.37 
(d ,3 , J  = 7 Hz,SCHCHS), 2.6 (m,6,CH2NCH2CH3), 3.0 (m, 3, 
J = 7 Hz, Ar CH(CH3),), 3.75 (m, l , J  = 7 Hz, SCH), 6.86 (8 ,  2, 
Ar H). 

Vinyl-l’-dl 2,4,6-triisopropylthbenzoate (52) was obtained 
from 49 and deuterium oxide in 76% yield as an oil: IR (neat) 
2910,2270 (C-D) weak, 1680 (C-O), 1460,1210,945,895,770 
cm-’; ‘H NMR (CCl,) 6 1.25 (d, 18, J = 7 Hz, Ar CH(CH3),), 2.93 
(m, 3, J = 7 Hz, Ar CH(CH3)2), 5.40 (8, 1, SCD=CHEHz), 5.46 
(s, 1, SCD=CHEHz), 6.86 (8, 2, Ar H); deuterium analysis, 3.15 
mol% (82% dl). 

Isopropenyl 2,4,6-triisopropylthiobenzoate (53) was ob- 
tained from 49, excess sec-BuLi/TMEDA, and iodomethane in 
86% yield; mp 89-89.5 “C; IR (mull) 2900, 1680, (C=O), 1460, 
1380,1365,1210,1175,945,915,895,880,835,772 cm-’; ‘H NMR 
(CC,) 6 1.26 (d, 18, J = 7 Hz, Ar CH(CH3),), 2.18 (8, 3, SC- 
(CH3)=CH2), 2.98 (m, 3, J = 7 Hz, Ar CH(CH&, 5.38 ( 8 ,  1, 
C=CHAHB), 5.53 (8, 1, C=CHAHB), 6.85 (8 ,  2, Ar H). 

1’-Hydroxy- l’-phenyl-2’-propeny12,4,6-triisopropylthio- 
benzoate (54) was obtained from 49 and benzaldehyde in 54% 
yield; IR (neat) 3400 (0-H), 2950,1680 (C=O), 1605,1460,1210, 
1060,945,895,880,835,767,700 cm-’; ‘H NMR (CCI,) 6 1.20 (d, 

2.85 (m, 3, J = 7 Hz, Ar CH(CH&), 3.65 (8, 1, OH) 5.42 (8, 1, 

(8, 2, Ar H), 7.1-7.4 (m, 5, C6H5). 
Propenyl 2,4,6-triisopropylthiobenzoate (57) was obtained 

from 55 and water in 56% yield as an oil: IR (neat) 2950, 1680 
(C=O), 1460,1210,945,895,765 (C-S) cm-’; ‘H NMR (CC,) 6 

(CCld) 6 0.91 ( ~ ~ 9 ,  C(CH,)J, 1.26 (d, 18, J = 7 Hz, Ar CH(CHJZ), 

5, C6H5). 

6, J = 7 Hz, Ar CH(CH&), 1.26 (d, 12, J = 7 Hz, Ar CH(CH3)2), 

C=CH*H*), 5.66 (8,  1, CZCHAHB) 6.12 (8, 1, HOCHPh), 6.85 
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1.22 (d, 18, J = 7 Hz, Ar CH(CH&, 1.75 (d, 0.45, J = 7 Hz, 

(m, 3, J = 7 Hz, Ar CH(CH,)d, 5.77 (m, 1, SCH=CH(CH3), 6.54 
(d, 0.85, J = 17 Hz, SCH=CH(CH&, 6.86 (8 ,  2, Ar H). (The 
signals for SCH=CH, Z isomer, appear at 6 6.7 in the crude 
product.) Anal. (C19H260S) C, H, S. The ester 56 was also 
produced as a ZJ mixture from the methyl thioester 56 by 
lithiation, silylation, lithiation, and addition to 
2-Hydroxy-3’-pent-3’-enyl2,4,6-triisopropylthiobenzoate 

(58) was obtained from 55 and acetaldehyde as an oil in 62% yield; 
IR (neat) 3450 (0-H), 2920,1680 (C=O), 1460,1210,945,985, 
860,835,790, 765 cm-’; ‘H NMR (CC,) 6 1.27 (d, 21, J = 7 Hz, 

2.98 (m, 4, J = 7 Hz, Ar CH(CH3), and OH), 4.87 (9, 1, J = 7 Hz, 

3’-But-2’-enyl2,4,6-triisopropylthiobenzoate (61) was ob- 
tained from 60 and iodomethane in 46% yield as an oil: IR (neat) 
2970,1680 (C=O), 1460,1210,945,895,830,765 cm-‘; ‘H NMR 
(CCl,) 6 1.22 (d, 18, J = 7 Hz, Ar CH(CH&), 1.45 (d, 3, J = 7 
Hz, SCHCH3), 2.88 (m, 3 , J  = 7 Hz, Ar CH(CH3),), 4.25 (m, 1, 

(d, 1, J = 17 Hz, CH=CHZCHE), 5.83 (m, 1, CH=CH2), 6.82 (s, 
2, Ar H). 

3’-Hept-2’-enyl 2,4,6-triisopropylthiobenzoate (62) was 
obtained from 60 and iodobutane in 45% yield as a colorless oil: 
IR (neat) 2920,1680 (C=O), 1605,1460,1210,897,835,770 cm-’; 
‘H NMR (CC,) 6 0.93 (t, 3, J = 7 Hz, (CH2)&H3), 1.23 (d, 18, 
J = 7 Hz, Ar CH(CH3),), 1.2-1.6 (m, 4, CH2(CH2)2CH3), 1.70 (t, 
2 , J  = 7 Hz, CHz(CH2),CH3), 2.95 (m, 3 , J  = 7 Hz, Ar CH(CH&, 

CHCH=CHEHZ), 5.26 (d, 1, J = 17 Hz, CH=CHEHz), 5.82 (m, 
CH=CH,), 6.88 (s, 2, Ar H). 
4’-Hydroxy-l’-pentenyl2,4,6-Triisopropylthiobenzoate (63) 

was obtained from 60 and acetaldehyde in 62% yield as an oil: 
IR (neat) 3400 (0-H), 2950,1680, (C=O), 1460,1210,1120,950, 
895, 835, 780 cm-’; ‘H NMR (CCl,) 6 1.04 (d, 3, J = 6 Hz, 
HOCHCHJ, 1.24 (d, 18, J = 7 Hz, Ar CH(CH3)2), 2.19 (t, 2, J 
= 7 Hz, CHCH2CH), 2.5 (s, 1, OH), 2.92 (m, 3, J = 7 Hz, Ar 
CH(CH&), 3.80 (m, 1, J = 6 Hz, CHCHOHCHJ, 5.88 (m, l , J  
= 10 Hz, SCH=CH), 6.74 (d, 1, J = 10 Hz, SCH=CH), 6.90 (s, 
2, Ar H). 

Methoxymethyl-dl 2,4,6-triisopropylthiobenzoate (68) was 
obtained from 66 and deuterium oxide.lZbJ8 

1’-n -Butoxyethy1 2,4,6-triisopropylthiobenzoate (69) was 
obtained from 67 and iodomethane in 77% yield as an oil which 
crystallized on standing; IR (neat) 2950,1680 (C=O), 1110,895, 
835,770 cm-’; ‘H NMR (CCl,) 6 0.93 (m, 3, (CH2),CH,), 1.25 (d, 
18 , J  = 7 Hz, Ar CH(CH3),), 1.5 (m, 4, OCH2(CH2),), 163 (d, 3, 
J = 6.5 Hz, SCHCH3), 2.95 (m, 3, J = 7 Hz, Ar CH(CH3),), 3.6 
(m, 2, OCH,), 6.53 (9, 1, J = 6.5 Hz, SCHCH3), 6.9 (s, 2, Ar H). 

Reactions of ethyl 2,4,6-trithiobenzoate (70) with sec- 
BuLi/TMEDA followed by addition of 56, of a mixture of 
56 and 70 with sec-BuLi/TMEDA, and of a mixture of 56 
and 57 with sec-BuLi/TMEDA are described in the supple- 
mentary material.lZbJs 
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CH=CH(CH,)z), 1.90 (d, 2.55,J= 7 Hz, CH=CH(CH3)E), 2.93 

AI CH(CH3)Z and HOCHCHd, 1.97 (d, 3, J = 7 Hz, C=CHCH3), 

HOCHCHS), 6.03 (9, 1, J = 7 Hz, C=CHCH3), 6.89 (s, 2, AI H). 

J = 7 Hz, SCHCHS), 4.98 (d, 1, J = 10 Hz, CH=CHzHE), 5.15 

4.22 (q,1, J = 7 Hz, SCH(CHZ)CH=CHz), 5.07 (d, 1, J = 10 Hz, 


