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(85%); mp 228-229 OC. Anal. Calcd C, 61.9; H, 3.3; C1,25.0; N, 
9.8. Found: C, 61.6; H, 3.3; C1, 25.0; N, 9.9. The 'H NMR 
spectrum [CDCIS, Me& d 7-8.1 (m, 13 H, aromatics), 6.3 (br, 
1 H, NH)] is consistent with the one reported for the unsubstituted 
arylpyrida~ine.~~ 

X-ray Analysis. Crystals of la (CZHl6NO2) are monoclinic: 
space group P21/n, a = 21.229 (5) A, b = 13.632 (6) A, c = 5.972 
(8) A; B = 94.1 (SI0, 2 = 4, d ,  = 1.26 g/cm3, do = 1.24 g/cm3. A 

(23) Kadaba, P. K.; Triplett, J. Heterocycles 1978 9, 243. 

total of 3031 intensities were collected on a Philips PW-1100 
four-circle diffractometer (M Ka radiation) by using the 0-20 scan 
method. The data have been analyzed by using the MULTAN 
program. The positional and anisotropic thermal parameters of 
all nonhydrogen atoms were refined by full-matrix least-square 
calculations. The resulting R factor is R = 0.060 for the 2096 
reflections having I 2 3a(I). 

Supplementary Material Available: Final atomic thermal 
parameters, bond distances, and bond angles (4 paged. Ordering 
information is given on any current masthead page. 
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Menthol is used for the synthesis of optically pure (+)-(neomenthylsulfony1)methyl isocyanide (NeSMIC, S), 
which is the first chiral sulfonylmethyl isocyanide reported. This NeSMIC is applied to a two-step synthesis 
of (R)-(+)-2-methylcyclobutanone (12), as well as ita enantiomer (ll), neither of which have been reported previously. 
The absolute configurations of 11 and 12 are determined by the octant rule and by an independent chiral synthesis. 

Umpolung reactions of sulfonylmethyl isocyanides have 
found useful synthetic applications.' For example, to- 
sylmethyl isocyanide (TosMIC, 1) is a formaldehyde 
(di)anion equivalent, which has been applied to the syn- 
thesis of several carbonyl compounds.',2 By this method 
an extremely simple synthesis of cyclobutanones was de- 
veloped recently, which for R' = CH3 leads t o  racemic 
2-methylcyclobutanone (when racemic l,&dibromobutane 
is used, eq l).3 

T o s C H 2 N =  C 

1 
+ 

Br-fBr 
R1 

R'=H.  C H ~  

The purpose of this paper is twofold (a) to describe the 
first useful chiral analogue of TosMIC, i.e., (+)-(neo- 
menthylsulfony1)methyl isocyanide (NeSMIC, 8), and (b) 
to initiate its application by the fiist synthesis of optically 
active 2-methylcyclobutanone, (-) as well as (+) (11 and 
12, respectively, Scheme 11). Moreover, 12 is prepared also 
from TosMIC and (S)-(+)-1,3-dibromobutane (eq l), and 
the absolute configuration is determined to be R. 

Synthesis of (+)-(Neomenthylsulfony1)methyl Iso- 
cyanide (8). Several possibilities may be  considered in 
designing chiral analogues of TosMICS4 For synthetically 
meaningful purposes5 chirality preferably is introduced in 
the group R* of R*S02CH2N=C by using optically pure 
and readily available starting materials?,' The best results 
so far have been obtained with (-)-menthol.* By use of 

Chemistry of Sulfonylmethyl Ismyanides 22. For part 21 see ref 
2c. 
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essentially known chemistry, (-)-menthol (2) can be con- 
verted in six steps in 26% overall yield t o  (+)-(neo- 

(1) Brief review: van Leusen, A. M. Lect. Heterocycl. Chem. 1980,5, 
s111. 

(2) (a) Poasel, 0.; van Leusen, A. M. Tetrahedron Lett. 1977,4229. (b) 
van Leusen, D.; van Leusen, A. M. Zbid. 1977,4233. (c) van Nispen, S. 
P. J. M.; Mensink, C.; van Leusen, A. M. Zbid. 1980, 3723. 

(3) van Leusen, D.; van Leusen, A. M. Synthesis 1980, 325. 
(4) Rouwette, P. H. F. M., Ph.D. Dissertation, Groningen University, 

1979. 
(5) Work describing synthetic applications based on asymmetric in- 

ductions with 8 is in progress. 
(6) Chirality in compounds TosCHRN=C (R = alkyl, aryl; such com- 

pounds have indeed been prepared but were not resolved) will be lost via 
the conjugate bases, which are essential in most of their synthetic ap- 
plications (see ref 1). 

(7) Alternatively, partially resolved sulfoximinomethyl isocyanide 
PhSO(=NTos)CHsN==C (mp 96 "C dec) was prepared and investigated 
previously: van Leusen, D., unpublished results, 1975-1977. 

0 1981 American Chemical Society 



5160 J. Org. Chem., Vol. 46, No. 25, 1981 

Scheme I1 
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menthylsulfony1)methyl isocyanide (8, Scheme I), which 
is a stable crystalline compound melting at  68 "C. 

The preparation of (+)-neomenthane-3-thiol (5) from 
(-)-menthol has been described previ~usly.~ We were able 
to improve the overall yield from 14% to 40% by using 
DMF, instead of acetone, as the solvent in the reaction step 
3 - 4 (i-e., nucleophilic displacement of TosO by EtOC- 
(S)S). For the conversion of 5 to 6 the use of strong base 
(t-BuOK or NaH) was necessary to displace the toeyl group 
of N-(tosylmethy1)formamide by neomenthanethiolate 
(95% yield), as compared with Et3N applied previously in 
similar reactions of aromatic thiols.1° After oxidizing 
sulfide 6 (with MCPBA in 95% yield), dehydration of 
formamide 7 in the usual way (POC13, Et3N) gave (+)- 
(neomenthylsulfony1)methyl isocyanide (8) in 73 % yield 
(26% based on 2). 

NeSMIC (8) obviously is an epimerically pure (13C 
NMR, sharp melting point) and, therefore, an optically 
pure compound ([a],, +42.7", [a]578 +46.2"; CHC13). Es- 
sential to the configuration of NeSMIC is the reaction 3 - 4, which according to Beretta et al. takes place with at 
least 95% inver~ion.~Jl The 'H NMR of 8 shows a 
well-resolved AB quartet for the diastereotopic C(a)H2 
group around 6 4.48 (J = 15 Hz) and a broad peak for 
C(2)H at 6 3.80 with WH = 8 Hz, indicative of an equatorial 
position of this hydrogen.12 

Synthesis of Optically Active 2-Methylcyclo- 
butanones (11 and 12). Absolute Configuration. Re- 
action of NeSMIC (8) with racemic 1,3-dibromobutane 
leads to a 1:l mixture of only two diastereomeric cyclo- 
butane derivatives, to which we assign structures 9 and 10. 
The assignment of absolute configurations, as in Scheme 
11, will be discussed below. 

Hydrolysis of the mixture of 9 and 10 with H2S04 and 
a calculated amount of water in sulfolane, as described 
previously for the corresponding tosyl analogues, gave 73% 
of pure but racemic 2-methylcyclobutanone. Separation 
of the diastereomers 9 and 10 was achieved by analytical 
HPLC, and, for preparative purposes, by fractional crys- 
tallization from pentane. Thus, from 4.86 g of 8 was ob- 

(8) Another obvious starting material, (+)-10-camphorsulfonic acid, 
w a ~  convertad in four steps into the corresponding sulfonylmethyl iso- 
cyanide (26% overall yield). However, this isocyanide, obtained as a 
viscous oil, was not completely stable; also, the camphor keto group was 
interfering in some of ita reactions.' 

(9) Beretta, E.; Cinquini, M.; Colonna, S.; Fornasier, R. Synthesis 
1974,425. 

(10) Olijnsma, T.; Engberts, J. B. F. N.; Strating, J. Red. Trau. Chim. 
Pays-Bas 1972,91,209. 

(11) Additional support for this view is given in ref 4: LiAIH, reduc- 
tion of B cycloadduct of 8 and acetophenone resulta in formation of 
neomenthanethiol5 with the same rotation ([elD + 4 7 O ) ,  which further 
shows the absence of epimerization at C2 in all reactions involved. 

(12) Jack", L. M.; Sternhell, S. "Applications of NMR-Spectros- 
copie in Organic Chemistry", 2nd ed.; Pergamon Press: Oxford, 1969 p 
288. 

H 

13 

Me 

14 

0 C F  

OH 0- 'd i' Ph 

1 ,  . - s . . . . . ~ . . ~ / ~ / H  /.J' O M c  

r e r p r n t  

H H 

15 16  

tained 1.6 g (27%) of pure 9 (mp 66-67 "C; +79.2') 
by three crystallizations and 300 mg ( 5 % )  of pure 10 (mp 
48-50 "C; +17.2") by six crystallizations. Both 9 and 
10 were at least 95% pure by 'H NMR. 

Hydrolysis of 9 and 10, separately, leads to the enan- 
tiomeric, optically active 2-methylcyclobutanones 11 and 
12, respectively. In these reactions the chemical yield and 
enantiomeric excess (ee) of the products are inversely re- 
lated, depending on the reaction conditions. Thus, opti- 
cally pure 9 gave (S)-2-methylcyclobutanone (1 1) in 87 % 
yield with an ee of 43% when the reaction was carried out 
for 2 h at a temperature up to 80 "C, whereas reaction for 
0.5 h at 50 "C gave 44% of 11 with an ee of 62% ([a]578 
-12.3"). Likewise, 10 gave 60% of (R)-2-methylcyclo- 
butanone (12), [a]s78 +l l .Oo.  A chloroform solution of 12 
was optically stable for at least 2 months, but racemization 
was observed upon addition of HC1. This is consistent with 
loss of the enantiomeric excess during the formation of 11 
and 12 (from optically pure 9 and 10, respectively) by 
partial racemization of the product during the acid-cata- 
lyzed hydrolysis. The ee of 11 was determined by two 
different methods: (a) using the I3C NMR method of 
Hiemstra and Wynberg13 on 1,3-dioxolane 13 (Scheme 111) 
derived from 11 and (R,R)-(-)-butane-2,3-diol; (b) by 19F 
NMR on the Mosher derivative1* 16 of cis-2-methyl- 
cyclobutanol(l5) obtained by stereoselective reduction of 
11 with lithium tri-sec-butyl b0r0hydride.l~ On the as- 
sumption of a linear dependence of the ee on rotation and 
no decrease in the ee during derivatizations, the rotation 
of optically pure 11 in CHCl:, is calculated to be 
-20.9' and -19.8" for methods a and b, respectively. 

The absolute configurations of 11 and 12 were estab- 
lished by two independent methods. First of all this was 
done by preparing (+)-2-methylcyclobutanone (i.e., 12) 
from TosMIC and partially resolved (8)-(+)-1,3-di- 
bromobutane16 according to eq 1 (also Scheme 111,14). In 
the ring-closing step to give 14, displacement of the 3- 
bromine, with inversion (see Discussion and ref 161, leads 
eventually to (+)-2-methylcyclobutanone (121, which 
therefore has the R configuration. This compound, further, 
shows a negative Cotton effect in ORD and CD (A€ = -0.2, 
A 306 nm, ee 64%; Figure l ) ,  which by application of the 
octant rule once again establishes the R configuration of 
12. 

Discussion 
No optical properties of 2-methylcyclobutanone have 

been reported so far, even though the compound was 

(13) (a) Hiemstra, H.; Wynberg, H. Tetrahedron Lett. 1977,2183. (b) 

(14) Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34, 

(15) Brown, H. C.; Krishmamurthy, S. J. Am. Chem. SOC. 1972, 94, 

(16) Paquette, L. A,; Freeman, J. P. J. Org. Chem. 1970, 35, 2249. 

Hiemstra, H. Ph.D. Dissertation, Groningen University, 1980. 

2543. 

7159. 
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Figure 1. W and CD spectra of (R)-2-methylcyclobutanone (12, 
ee 64%) in isooctane. 

identified recently as a component of the lipid extract of 
Heuea b~siliensis.'~ Apparently our paper is the first to 
describe optically active 2-methylcyclobutanones (1 1 and 
12). The octant rule has been shown by Conia and Gore 
to apply to cyclobutanones for a number of tri- and tet- 
rasubstituted derivatives18 and has since been used occa- 
sionally to determine the configuration of some more 
complex cyclob~tanones.~~ A solution of (+)-2-methyl- 
cyclobutanone in isooctane shows a negative Cotton effect 
in CD (Figure 1) and ORD for material with 64% ee. 
According to the octant rule this material (12) therefore 
has the R configuration (which, as a matter of fact, is true 
for both conformers, with the CH3 in either a pseudoe- 
quatorial or pseudoaxial position). The preparation of 
(+)-14 from (S)-1,3-dibromobutane and TosMIC is fully 
consistent with this assignment and, moreover, proves the 
inversion in the ring closure to 14. 

Through the above assignment the absolute configura- 
tion of C(2) of all chiral compounds in Schemes I1 and I11 
is established as indicated. The assignments of the C(1) 

(17) Nishimura, H.; Philp, R. P.; Calvin, M. Phytochemistry 1977,16, 
1048. 

(18) Conia, J. M.; Gore, J. Bull. SOC. Chim. Fr. 1964,1968. Gore, J.; 
Djerassi, C.; Conia, J. M. Ibid. 1967, 950. 

(19) See for example: Bates, R. B.; Onore, M. J.; Paknikar, S. K.; 
Steelink, C. Chem. Commun. 1967, 1037. Subramanian, L. R.; b o ,  G. 
S. K. Can. J. Chem. 1969,47,1147. Bertrand, M.; Gras, J. L.; Gore, J. 
Tetrahedron Lett. 1972, 1189. 

17 18 
IR*: n e o m e n t v l  I 

configuration of 9 and 10 (and 14) are based on the fol- 
lowing. Reaction of NeSMIC (8) with (f)-l,&dibromo- 
butane gives two diastereomers only, which therefore can 
only be 9 and 10 or the corresponding pair of cis epimers.m 
The most reasonable sequence of reactions leading to 9 and 
10 involves displacement of the primary bromine by the 
anion of NeSMIC, followed by an SN2-type ring closure 
(as with 14) of the anions 17 and 18 depicted in Scheme 
IV. The energetically most favorable path of the last step 
will require the largest substituents (Me and Tos) to be 
in a trans position as indicatede21 Each of the two con- 
figurations at  C(4) in 17 and 18 will then need a different 
diastereotropic face of the (assumedly) flat carbanion to 
react. When steric factors are significant, such a process 
would lead to a mixture of 9 and 10 only, otherwise a 
mixture of four diastereomers could be envisioned (i.e., 9 
and 10 plus two cis epimers) but not of the cis epimers 
only. Epimerization of the cis epimers to 9 and 10 after 
ring closure is hard to explain. 

Experimental Section 
General Methods. 'H NMR spectra were recorded on a 60- 

MHz Hitachi Perkin-Elmer R-24B or a 100-MHz Varian XL-100 
(FT) apparatus in 6 units downfield from internal Me4Si. The 
latter instrument was used also for '% and '@F work. For reported 
multiplicity of '% NMR signals only 'JoH values were considered. 
Optical activity was measured on a Perkin-Elmer 241 polarimeter 
using 10-cm cells. Circular dichroism was measured on a Cary 
60 instrument in a 1-cm cell. Both measurements were carried 
out at room temperature (20-22 "C). HPLC was carried out on 
a Waters LC Model 6000A apparatus. The following instruments 
have been used: AEI 902 (mass spectra), Unicam SP-200 (IR), 
Zeiss PMQII (UV), Varian 1400 (GLC). The elemental micro- 
analyses were carried out in the Analytical Department of our 
laboratory. 
(+)-Neomenthane-S-thio1(5). The procedure of Beretta et 

al? was improved. In an efficiently operating hood, a stirred 
suspension of (-)-menthyl p-toluenesulf~nate~ (3; 100 g, 0.32 mol) 
and potassium ethylxanthate (86 g, 0.42 mol) in dimethylform- 
amide (DMF, 400 mL) was heated at 60-70 "C for 48 h. The 
cooled mixture was poured in icewater (2 L) and extracted with 
CHC13 (4 X 150 mL). The combined extracts were washed twice 
with aqueous NaCl(5%, 200 mL), dried (MgS04), and concen- 
trated. The crude xanthate (still containing some DMF) was 
stirred with 1,Qdiaminoethane (150 mL) for 15 h at room tem- 
perature under nitrogen, according to the procedure of Mori et 
a1.= After the workup the crude thiol was distilled to give 24.3 
g (45%) of 5: bp 91-94 "C (11-12 mmHg); [aID +47.8" (c 2.06, 
CHC13) [lit.9 +39.0° (CHCI,)]. Rotations are probably 
affected by traces of (-)-menthol. 
(+)-N-[(Neomenthylthio)methyl]formamide (6). To an 

ice-cooled, stirred solution of (+)-neomenthane-3-thiol (5; 22.0 

~ ~~~~ 

(20) Any other pair of four conceivable combinations of, for example, 
trans-9 with only one cis epimer of 10 is most unlikely and cannot rea- 
sonably be accounted for by energy arguments. 

(21) Previous experiences with cyclic (trans-5-methyl-5-tert-butyl-4- 
tosyl-2-oxezoline) as well as acyclic compounds [(E)-1-isocyano-1-tosyl- 
alkenes] show an exclueive preference for trans-pitioned tosyl and alkyl 
groupe: Oldenziel, 0. H., Ph.D. Dissertation, Groningen University, 1975. 
van Leusen, A. M.; Schaart, F. J.; van Leusen, D. Reel. Trau. Chim. 
Pays-Bas 1979, 98, 258. 

(22) Mori, K.; Nakamura, Y. J. Org. Chem. 1969, 34, 4170. 



5162 J. Org. Chem., Vol. 46, No. 25, 1981 

g, 0.13 mol) in a mixture of ether (100 mL) and M e 8 0  (50 mL) 
was added in 0.5 h 16.0 g (0.14 mol) of solid t-BuOK. After the 
mixture was stirred for 1 h at  room temperature, solid N-(to- 
sylmethyl)formamideZ3 (27.7 g, 0.13 mol) was added in portions 
in 0.5 h under cooling with ice-water. The mixture was stirred 
for 5 h at room temperature, poured in ice-water (300 mL), and 
extracted with ether (3 X 100 mL). The combined extracts were 
washed with water and with brine, dried (MgSO,), and concen- 
trated to give 28 g (95%) of 6 as a viscous oil, which was at  least 
95% pure by NMR: 'H NMR (CDCl,) 6 0.5-2.3 (m, 18), 3.3 (br, 
l), 4.0-4.8 (m, 21, 7.4 (br, l), 8.22 (d, 1); mass spectrum, m / e  

(-)-N-[ (Neomenthylsulfonyl)methyl]formamide (7). To 
an ice-cooled, stirred solution of sulfide 6 (23.0 g, 0.10 mol) in 
CH2ClZ (250 mL) was added in 0.5 h 40 g (0.20 mol) of m- 
chloroperbenzoic acid (MCPBA, technical grade, 85%). The 
mixture was stirred for 5 h at room temperature and filtered. The 
filter cake was extracted with CHzClz (100 mL), and the combined 
filtrate and extract were washed with aqueous NaHC03 (lo%, 
200 mL) and with water (200 mL), dried (MgS04), and concen- 
trated. The resulting oil was crystallized from 1:20 EtOH-pe- 
troleum ether (bp 60-80 "C) to give 24.8 (95%) of 7, mp 85-88 
"C. Analytically pure material was obtained from the same solvent 
mixture: mp 86.4-87.8 "C; IR (Nujol) 3390 (NH), 1680 and 1540 
(NHCHO), 1280 and 1120 cm-' (SOZ); 'H NMR (CDCl,) 6 0.7-2.6 
(m, 18), 3.57 (br, l), 4.29 and 4.79 (d of AB q, J = 7, 15 Hz, 2), 
7.80 (br t, J = 7 Hz, l), 8.30 (8, 1); [.ID -20.5" (c  1.95, CHC13). 
Anal. Calcd for CI2HBNO3S: C, 55.14; H, 8.87; N, 5.36; S, 12.27. 
Found: C, 55.25; H, 8.88; N, 5.36; S, 12.24. 
(+)-(Neomenthylsulfony1)methyl Isocyanide (8). The 

(sulfonylmethy1)formamide 7 (20.9 g, 80 mmol) was dehydrated 
with POCl, and Et3N by following the procedure used for the 
synthesis of TosMIC. The workup was as follows. After the 
addition of POCl, was complete, the mixture was stirred for 0.5 
h at  0 "C and then poured in ice-water. Extraction with CHC1, 
gave crude 8 (15.6 g, 80%), which was chromatographed rapidly 
with CHzClz over neutral alumina and then crystallized from 
EtOH-petroleum ether (bp 60-80 "C) to give colorless crystals: 
14.1 g (73%); mp 65.0-67.5 OC. Analytically pure material was 
obtained from the same solvent mixture: mp 67.7-68.4 "C; IR 
(Nujol) 2180 (N=C), 1330 and 1130 cm-' (SOZ); 'H NMR (CDClJ 
6 0.7-2.5 (m, 18), 3.80 (br, W, = 8 Hz), 4.27 and 4.58 (AB q, J 
= 15 Hz, 2); '5 NMR (CDC13) 6 21.4, 21.6, and 21.9 (3 q, J = 125 

CH(CH&), 29.3 (d, J = 125 Hz, C(4)), 34.6 and 36.1 (2 t, J = 125 
Hz, C(3) and C(5)), 48.9 (d, J = 125 Hz, C(l)), 58.8 (d, J = 140 

(c  1.60, CHC13), [a]678 +46.2" (c  1.68, CHC13). Anal. Calcd for 

H, 8.77; N, 5.78; S, 13.13. 
1-Isocyano- t-2-methyl-r- 1-(neomenthylsulfony1)cyclo- 

butane (9 + 10). Hydrolysis and Separation of Diastereo- 
mers. A solution of (+)-(neomenthylsulfony1)methyl isocyanide 
(8; 2.43 g, 10.0 mmol) together with racemic 1,3-dibromobutane 
(2.20 g, 10.2 mmol) in a mixture of MezSO (5 mL) and EBO (2.5 
mL) was added dropwise in 20 min to a suspension of NaH (1.2 
g, 24 mmol; 50% dispersion in mineral oil, which was removed 
previously with pentane) in Me2S0 (20 mL) and EtzO (10 mL) 
at  room temperature under Nz. After the mixture was stirred 
for 1.5 h, water (10 mL) was added slowly, and the mixture was 
extracted with EhO (4 X 25 mL). The combined extracts were 
washed with saturated aqueous NaCl(3X), dried (NazSO.J, and 
concentrated. The resulting brown oil was dissolved in EtzO, 
filtered over a layer of alumina (diameter 3 cm, thickness 2 cm), 
and concentrated once again to give 2.95 g of an oil consisting 
of a 1:1 mixture of two diastereomers only (9 and lo), according 
to analytical HPLC (see below) and 'H NMR (the latter being 
a nice superposition of the spectra of separated 9 and 10, as 
discussed below): +40° ( c  1.8, CHC1,); IR (neat) 2160 
(N=C), 1310, 1330, and 1130 cm-' (S0.J. 

The total amount of crude 9 + 10 (2.9 g) was hydrolyzed with 
H,SO, (0.6 mL) and water (0.2 mL) in sulfolane (tetramethylene 

229.151 (M'; calcd 229.150); [ a ] ~  +80.7' (c 2.24, CHCl3). 

Hz, 3 CH3), 24.6 (t, J a 125 Hz, C(6)), 26.3 (d, J = 125 Hz, 

Hz, C(2)), 59.8 (t, J = 155 Hz, C(a)), 165.8 (8, N=C); ["ID +42.7' 

CiZH21N0& C, 59.22; H, 8.70; N, 5.76; S, 13.17. Found: C, 59.26; 

van Leusen, Rouwette, and van Leusen 

sulfone, 10 mL) according to the procedure described for 1-iso- 
cyan~2-methyl-l-tosylcyclobutane,3 at a temperature which was 
raised gradually to 80 "C in the course of 2 h, to give 0.610 g (73% 
based on 8) of pure (*)-2-methylcyclobutanone +O.0So (c  
2.0, CHCld) with the same spectral and physical data as reported 
previ~usly.~ 

Analytical HPLC (silica gel; with CH2Clz-hexane, 26:74, iso- 
cratically at  20 "C) followed by crystallization from petroleum 
ether (bp 40-60 "C) was used to obtain pure samples of 9 and 
10 separately. For preparative purposes only fractional crys- 
tallization from pentane was used. On a 20-mmol scale (4.86 g 
of 8, as above), 1.60 g (27%) of pure 9 (1S,2S configuration, see 
below) was obtained after three crystallizations: mp 66-67 "C; 
[a]578 +79.2" ( c  1.02, CHCl,); 'H NMR 6 0.8-4.1 (m), which on 
enlargement showed seven of the expected eight CH3 peaks well 
separated at  6 0.84,0.90,0.96,1.00 (two peaks coinciding), 1.11, 
1.23, and 1.36. The other diastereomer (10,1R,2R configuration; 
see below) was obtained pure after six crystallizations with the 
help of seeding crystals obtained via the HPLC separation: yield 
300 mg (5%); mp 48-50 'C; $17.2" (c 0.57, CHClJ; 'H NMR 
(CDCl,) 6 0.7-4.2 (m), which on enlargement showed eight CH3 
peaks, four separately and four as split peaks at  6 0.80,0.88 and 
0.91, 1.00 and 1.03, 1.13, 1.20, and 1.32. Anal. Calcd for 

H, 9.11; N, 4.72; S 10.85. 
(S)-2-Methylcyclobutanone (11). Hydrolysis (2 h, 80 "C) 

of pure (lS,2S)-isocyanide 9 (1.485 g, 5 mmol) as described above 
for the mixture of 9 and 10, with H&04 (0.3 mL), water (0.2 mL), 
and sulfolane (5 mL), gave 367 mg (87%) of 11: [a]578 -9.0" ( c  
1.07, CHCI,); ee 43% (see below); the GLC (SE-30,75 "C) was 
identical with that of compound 12 (below), both showing a small 
impurity peak, ratio 1:21 (retention time x peak height). Re- 
duction of the time and temperature of hydrolysis to 0.5 h and 
50 "C lowered the chemical yield to 185 mg (44%) of 11 but 
improved the optical purity to [a]578 -12.3" ( c  0.38, CHCl3) [ee 
62% (see below); pure by GLC (same conditions as above)]. After 
the remainder of the reaction mixture was heated for another 1 
h at  50-100 "C, without vacuum, a second crop (155 mg, 37%) 
of racemized 2-methylcyclobutanone was obtained. 
(R)-2-Methylcyclobutanone (12). From 10. Analogously 

to the synthesis of 11 (reaction time 1 h), pure (lR,%)-isocyanide 
10 (297 mg, 1 mmol) was hydrolyzed with HzSO, (0.06 mL) and 
water (0.04 mL) in sulfolane (2 mL) to give 50 mg (60%) of 12, 
[a]578 + l l .Oo  (c 0.86, CHClJ. GLC-pure material (same conditions 
as with 11) was obtained in lower yield (24%) in 5 min at  50 "C: 

+12.7' ( c  0.31, CHC13), ee 64% (calcd from 11); UV (48.78 
mg in 25 mL of isooctane) A, 293 nm (em= 22.1); CD (8.5 mg 
in 10 mL of isooctane) A, -0.2, X 306 nm. 

From 14. According to the procedure of ref 3 (lR,2R)-(-)-l- 
isocyano-2-methyl-1-tosylcyclobutane (14; see below; 380 mg, 1.55 
mmol; [a]578 +1.4") was hydrolyzed to give 60 mg (47%) of 12, 

(1R,2R)-(-)-l-Isocyano-2-methyl-l-tosylcyclobutane (14) 
was prepared according to ref 3 from crude (S)-(+)-1,3-di- 
bromobutane'* (from 1.33 g, 5.4 mmol, of (S)-1,3-butanol di- 
methanesulfonate and LiBr) and TosMIC= (7.88 mg, 4.0 mmol) 
in a yield of 400 mg (40%) ([a]578 -1.4" (c  0.42, CHClJ) together 
with a second crop obtained from the mother liquor of 180 mg 
(18%); [a]578 -3.0' ( c  0.66, CHCl,). The compound was spec- 
troscopically identical with racemic material obtained previously? 

(2R,3&6@2,3,6-Trimethyl- 1,4-dioxaspiro[3.4lotane (13). 
Determination of the Enantiomeric Excess by ',C NMR. 
According to the method that Hiemstra and Wynberg13 used for 
cyclohexanones, (s)-2-methylcyclobutanone (11; 250 mg, 3.0 m o l ;  
[a]578 -9.0") and (R,R)-(-)-butane2,3-diol(270 mg, 3.0 "01) were 
refluxed in benzene (2.5 mL) for 1.5 h with one crystal of p -  
toluenesulfonic acid monohydrate and some MgS04 The mixture 
was concentrated, dissolved in ether, and filtered over a layer (2 
cm thick) of alumina (activity 11-111), concentrated, and distilled 
in a short-path apparatus to give 390 mg (83%) of acetal: bath 
temperature 3&70 'C (13 mmHg); 'H NMR (CDC13, 100 MHz) 
methyl peaks at 6 0.97 and 1.09 show a diastereomerical splitting 
in a ratio of ca. 12; I3C NMR (CDC13, only of major diastereomer) 

34.3 (t, C(8)), 42.7 (d, C(6)), 77.4 and 78.2 (2 d, C(2), C(3)), 109.2 
(s, C(5)); next to the signals of C(7), C(6), and C(5) smaller peaks 

C&nNOa: C, 64.61; H, 9.15; N, 4.71; S, 10.78. Found: C, 64.75; 

[a15753 +0.89" (C 1.0, CHCl3). 

6 12.8 (q, C(6)CH3), 16.4 (9, C(B)CH,, C(3)CH,), 19.4 (t, C(7)), (23) (a) Purchased from Ofichem, Gieten, Holland. (b) Procedure: 
Hoogenboom, B. E.; Oldenziel, 0. H.; van Leusen, A. M. Org. Synth. 1977, 
57, 102. 
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are found at A6 values of only 0.20-0.25 ppm; that for (C6)CH3, 
however, was at A6 = 1.20 ppm. From the latter peaks (at b 12.8 
and 14.0) the ratio of diastereomers (14 and ita 6R epimer) was 
determined accuratelylgb to be 1:2.5; i.e., the ee is 43%. 
(lR,2S)-2-Methylcyclobutanol (15). A solution of (S)-2- 

methylcyclobutanone (11; [a1578 -12.3O; 168 mg, 2.0 m o l )  in THF 
(1 mL) was added to 2.8 mL of a solution of lithium tri-sec-bu- 
tylbor~hydride'~ (L-Selectride, Aldrich; 1 M in THF, 2.8 mmol) 
at -80 "C under N2 After the mixture was stirred for '2 h at  -80 
OC, the temperature was raised to room temperature (1 h). To 
the mixture were added water (0.4 mL), EtOH (1.5 mL), 6 M 
NaOH (1 mL), and, carefully, 30% HzOz (1.5 mL), and stirring 
was continued for 2 h at  room temperature. The organic layer 
was separated, the water layer was extracted twice with ether, 
the combined organic layers were washed with brine and dried 
(Na804), and the ether was removed through a Vigreux column. 
The residue was purified twice by GLC (12-ft LAC-3-R-728 
column, 80 OC) to give the cis alcohol 15: +13.7' (c 0.39, 
CHC13); IR (neat) 3450 cm-' (OH); 'H NMR (CC14) 6 1.05 (d, J 
= 8 Hz, 3), 2.00 (8,  l ) ,  1.2-2.7 (m, 6), 4.29 (9, J = 8 Hz, 1). 

The cis alcohol 15 was reacted with 1 equiv of the acid chloride 
of optically pure a-methoxy-a-(trjfluoromethy1)benzeneacetic acid 
(Aldrich), according to Mosher et al." in pyridine overnight at 

room temperature, followed by extraction with ether, washing with 
aqueous NaHCOS, and drying, to give the acetate 16 as an oil; 
'H NMR (CC14) 6 0.98 and 1.07 ('2 d, J = 7 Hz, 3, ratio ca. 1:4), 
1.0-3.0 (m, 5), 3.48 (d, J = 1 Hz, 3), 5.15 (br q, J = 7 Hz, l ) ,  7.3 
(br, 5); leF NMR (C&-CCl,, 1:l) 6 -76.54 and -76.69 in a ratio 
of 36152, Le., 62% ee. 
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Lactones were converted into w-alkylthio carboxylic acids in high yields through w-carbon-oxygen bond cleavage 
when they were treated with aluminum halide and alkanethiol. The aluminum halide and arenethiol system 
has also been found to be useful for the preparation of the synthetically valuable w-arylthio carboxylic acids from 
lactones. 

Lactones are important synthetic intermediates. The 
ring opening of lactones through the alkyl-oxygen bond 
cleavage with sulfur containing nucleophile, e.g., alkane- 
thiol or arenethiol, is an interesting process because it 
produces synthetically valuable w-alkyl(or ary1)thio car- 
boxylic acids: for instance, 4-(pheny1thio)butanoic acid 
and 5-(pheny1thio)pentanoic acid can be recyclized to 
4-(phenylthio)-y-butyrolactone and 5-(phenylthio)-b- 
valerolactone, respectively, and they can easily be trans- 
formed into the corresponding enol lactones.2 

Excellent syntheses which have not involved a lactone 
opening procedure have not been r e p ~ r t e d . ~  Smith? 
Liotta? and their co-workers reported the conversion of 
lactones into w-phenylseleno carboxylic acids by using a 
powerful nucleophile, phenylselenide anion. w-Olefinic 
carboxylic acids were then synthesized. Cleavage of the 
alkyl-oxygen bond of y-lactones using lithium thiometh- 
oxidee or sodium thioethoxideM has been reported. How- 
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ever, benzyl thiol& has been shown to attack the lactone 
carbonyl group.' 
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