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Abstract - The results reported seem to indicate, that in the presence of 
a nucleophilic base intramolecular alkylation is the normal reaction mode 
of tosyloxymethylcyclanones of type 14 and that the fragmentation reaction 
of five-membered compounds is the exception, probably because of the high 
steric energy of the alkylation transition states, e.g. of type B. 

duction 
Cyclopentanones carrying a CH2-X substituent (X = leaving group) in the 2- 

position react on exposure to hydroxide or alkoxide mainly by a Grob 
fragmentation process. On the contrary, very little fragmentation occurs 

in the cyclohexanone and none in the cycloheptanone series-i-6 
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For example (Scheme l), on reaction with sodium methoxide in methanol, 1 

furnished fragmentation product 2 in 61% yield, whereas under the same 

conditions seven-membered ring compound 3 yielded only the intramolecular 

alkylation products 5, 6, and 7.3 These and related findings are 

summarized in Table 1. 

What are the factors that determine the different reactivity of these com- 

pounds as a function of ring-size? The present paper describes results 

bearing on this question.1 

Table 1. Reactions of some 2-CHzX-substituted cyclanones with 
nucleophilic bases 

Entry Starting Nucleophilef Fragmen- C-Alky- 0-Alky- Ref. 
material Base tation lation lation 

% % % 

1 8a HO- 82 -- -- 2 

2 1 CHsO- 61 -- -- 3 
3 8b HO- 43 6 -_ 4 
4 9a HO- 4 78 -- (I 
5 9b HO- 1 90 -- 5 
6 9c HO- 3 89 -- 5 
7 3 CH30- -_ 39 35 3 
8 10 HO- -- 22 -- 6 

"$&R3 B&) 

j!& & lo 

Reaction of Ila. I4b. and 14~ with CH3ONa in CHsOH 

Since the results collected in Table 1 have been obtained 

different experimental conditions we have studied the product 

under rather 

formation of 

2-tosyloxymethyl-cyclanones l4a, ilb, and 14~ under identical conditions 

(CH30Na in CH30H). 

14a-14c were prepared using standard chemistry (ll-->12-->13-->14, see 

Scheme 2 and Experimental). For the selective reduction of R-keto esters 

12 to give keto alcohols 13, the methodology introduced by Barton718 was 

used. 
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In Scheme 2 the product analysis results for the reactions of lla, 14b, 

and 14~ with CH30Na in CHJOH are compiled. Yields were determined by GC. 

Our results agree well with those summarized in Table 1: Fragmentation is 

the main reaction only of the 5-membered compound lla. Note should be ta- 

ken of the fact that even in the five-membered ring system the C-alkyla- 

tion product 16 is formed to a considerable extent. The only previous 

example of such a Process we are aware of has been reported by Gerdes et 
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al.' (see entry 3 in Table 1). Side product 22 is a direct substitution 

product, and 21 and 25 are formed by retro-aldol fragmentation. 

tic considerations 

Our working basis for studying the factors that govern the differences in 

product formation (fragmentation versus intramolecular alkylation), depen- 

ding on ring-size, is summarized in Scheme 3. 

Fragmentation product G arises from B, most probably via transition state 

D.9 whereas the alkylation products H and I are derived from C. Whether 

transition states E and P are involved is unknown at present. In prin- 

ciple, the precursor of all intramolecular alkylation products, such as 5, 

6, and 7, could be a zwitterionic intermediate such as J,l" formed from C 

by tosylate loss (see Scheme 3, cf. the Favorskii rearrangement"). Com- 

pound 20 is most likely formed via such an intermediate.10 

Experimentally, our work has focussed on the formation of the anionic 

intermediates B and C from A. Two extreme cases may be considered: 

(i) Preeguilibria between A/B and A/C, respectively, are maintained. 

(ii) Formation of B and C is irreversible. 12 The ratio ki/kz (see 

Scheme 3) would then directly determine the extent to which 

fragmentation and alkylation product6 are formed.13 

kl [Gil 
-= (1) 

kz [HI + [II 

and, from the results summarized in Scheme 2, relation (2) would 

follow (n as in Scheme 3). 

(kl/kz)n.l > (kl/kz)a.2 > (kl/k2)smj (2) 

Rates of N-4 reduction and silvl enol e-formation modal 

As a measure of kl (cf. Scheme 3 and egns. (1) and (Z)), the (relative) 

rates of sodium borohydride reduction of cyclanones 28-30 (cf. 30-->31, 

reactivity towards nucleophiles) were determined and as a measure of kz, 

the rates of silyl enol ether formation (cf. 30-->32. kinetic acidity) . 

306 was prepared from 2-methylcyclohexanone using the Ireland-Marshall 

procedure,14 and 29 from 26 as described by Taguchi et 61.15.16 For the 

synthesis of 28, 30b, and 30f advantage was taken of Krief's recently in- 

troduced ring expansion of cyclic ketones via B-hydroxy selenides (cf. 

26-->27-->28)." 
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From the results compiled in Table 2 it is obvious, that cyclic ketone 

reduction with NaBHa is considerably retarded by 2,2-disubstitution. The 

reactivity order (as a function of ring size) in the 2,2-substituted 

cyclanones is, however, the same as published by Brown and Ichikawal8 for 

the unsubstituted compounds: cyclohexanone > cyclopentanone > cyclo- 

heptanone.lg,*O 

For silyl enol ether formation21 the following reactivity order was 

determined (Table 3): 2,2-dimethylcyclopentanone > 2,2-dimethylcyclo- 
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Table 2. Relative rates of NaBHI reduction of some 
cyclic ketones in isopropanol at 25-C 

30a 30b 3oc 304 300 30f 29 28 

6.51" 0.09 80.61' 4.5 1.0 0.08 1.4 0.12 

heptanone > 2,2-dimethylcyclohexanone. At least in the cycloheptanone se- 

ries the rate of trimethylsilyl en01 ether formation is not very much in- 

fluenced by 2,2-disubstitution a8 compared with the parent ketone (cf. 308 

VS. 30f and 29 vs. 28). 

Table 3. Relative rates of trimethylsilyl ether formation 
of some cyclic ketone6 

30b 306 308 30f 29 28 

2.0 0.41 1.0 1.25 1.43 1.14 
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The results collected in Table 2 and 3 seem to rule out that the extent to 

which fragmentation and alkylation products are formed from A (see Scheme 

3) is determined by the ratio kilkz. If it is assumed, that (a) mechanism 

(ii, vide supra) operates for the formation of the fragmentation and 

intramolecular alkylation products, respectively, (b) that the relative 

rates in Tables 2 and 3 are measures of kl and kz, respectively, and (c) 

that (kr/kz)n.z = [18]/[19]+[201 = 1.1:90 (see Scheme 2), the following 
ratios are calculated from the results in Tables 2 and 3: (kl/kz)n.l = 

l/l1400 and (kl/kz)n.3 = l/12200. This order of the ki/kz values is 

totally in disagreement with relation (2). 

wnae Exoeriments 

Treatment of 14~ with CDsONa (0.16 mol 1-l) in CDnOD for 4 d at 4OC led to 

complete hydrogen-deuterium exchange at the free a-position of the CO 

group (see Experimental). 14c was otherwise completely stable under these 

conditions: the formation of 22, 23, 24, or 25 was not observed. The same 

results have been obtained for 14a and 14b. 

When 14c was treated with 0.3 % NaOH in CD3OD - H2160 - H2180 = 4:l:l for 

4 d at 4OC. oxygen exchange at the carbonyl group occurred, as was evident 

from the appearance of two carbonyl carbon signals in the 13C NMR spectrum 

(1:l ratio), the shift separation being 5 Hz (caused by the well-known 180 

isotope shift22123). No other changes were observed in the spectrum. After 

work-up the IR-spectrum showed two carbonyl absorptions (Av ca. 35 cm-l 

1:l ratio), also demonstrating the exchange reaction. Exactly the same re- 

sults were obtained for 14a and 14b. 

Conclusions 
The results reported above demonstrate that preequilibria between A and B, 

and A and C (Scheme 3) are maintained. 

The product studies seem to indicate, that intramolecular alkylation is 

the normal reaction mode of 2-tosyloxymethylcyclanones and that the frag- 

mentation reaction of the 5-membered compounds is the exception. We be- 

lieve, that the high steric energy of transition state geometries such as 

E is the reason that in the 5-membered series alkylation is the minor re- 

action. This view is supported by some estimations based on force field 

calculations. The heats of formation have been calculated24 (Scheme 51, 

a) for cyclic ketones 33 (n = 1,2,3) as models for A in Scheme 3 

b) for the corresponding alcohols adopting conformation 34 (n q 1,2,3) 

with the OH and one of the methyl groups in antiperiplanar position, 

as models for D in Scheme 3 

c) for bicyclic ketones 35 (n = 1,2,3), as models for E in Scheme 3. 
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Scheme 5. 

The diffexences between the calculated AH~ values of ketones 33 and the 

transition states models 34 and 35, respectively, are depicted in Scheme 

5. Since the absolute values are certainly of no significance, only the 

difference between them are shown in Scheme 5. These values are a measure 

of the change in steric energy in going from 33 to 34 and 35, 

respectively, depending on ring size. The two sets of calculated numbers 

have been correlated assuming a Gibbs energy difference of 2.6 kcallmol 

between the two n = 2 states. The 2.5 kcal/mol value corresponds to the 
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experimentally established 35:l ratio (at 9OOC) of 19 and 18 in the 

reaction of 14b with CHsONa (see Scheme 2). From Scheme 5 it may then be 

concluded that in the 7-membered series relative to the starting ketone 

the "transition state" B (for C-alkylation) is so much lower in energy 

than "transition state" D (for fragmentation) that no fragmentation would 
be expected whereas in the 5-membered series the two "transition states" 
are rather close in energy (1.8 kcallmol). In this series both 
fragmentation (preferred) and C-alkylation would be expected on the basis 
of this argumentation, which is in good agreement with the experimental 

result (see Scheme 2). This reasoning hinges, however, upon the assumption 
that the A-values of the two sets of reactions are equal. 

Experimental 

Mater- and metho& 
All reactions were performed in oven-dried glassware under a positive 
pressure of argon. Liquids and solutions were transferred by syringe, and 
were introduced into reaction flasks through rubber septa. Usual work-up 
means partioning the reaction mixture between an aqueous phase and an or- 
ganic solvent (given in parenthesis), drying the combined organic solu- 
tions over HgSO4 and removal of solvent by distillation in vacua using a 
rotatory evaporator. The instrumentation used: 'H-NMR: WP 80 (Bruker), AM 
400 (Bruker), LRC means long range couplings - 13C NMR: AM 400 (Bruker); 
IR: Perkin Elmer 257 and 1310; MS: MAT-731 and'MAT-CH-5 (Varian) ; analyti- 
cal GC: Sichromat 3 (Siemens), preparative GC: PYE-104 (Philips, FID) and 
Aerograph 920 (Varian, WLD); LC: Medium pressure chromatography (HPLC) 
using 31.0 cm x 2.5 cm (column B, 60 g SiOz), 40.0 cm x 4.5 cm (column C, 
220 g SiOz), and 37.0 x 1.5 (column A, 17 g SiOz) glass tubes, silica gel 
50 urn (Grace), Duramat pump (CfG), UV detector Chromatochord III (Serva). 

12a,25 12b,26 12~27 (prepared from lla, lib, llc by anion formation with 
sodium hydride in THF and subsequent reaction with methyl iodide) are 
known compounds, for spectral data, see.26 

Prewaration of 2-hvdroxvmethvl-cvclanones13a. . 
Reduction of 8-ketoesters 12a, 12b, and 12c was performed as described by 
Barton et al. (method (21, LDAZg was used as base, after reduction of 12a 
excess of LiAlH4 was destroyed with anhydrous ammonia). Yields after SC 
(hexanes-ethyl acetate 1:2): 13a (68%), 13b (34%), 13~ (38%). 13a and 13b 
are known compounds, for spectral data, see.20 

2-Hvdroxvmethvl -_ 2 methvl-cvcl hewtan 1 one -- (13~1. 
Oil.- 'H NMR (80 MHz, CDC~S):~~ = 1.15 (s, 3H, CHa)* 1 26-l 27 (8H CHz-3 
- CHz-6); 2.20-2.88 (3H, CHz-7, OH); 3.39 and 3.72 (AB &stem,lJI ='ll Hz, 
2H, C&-OH). - IR (CClr): 3630, 3480 (broad, O-H), 1690 (CO).- CgHi602 
(156.2). MS: m/z (%I = 138 (38, [M-HzOl+); 126 (12); 71 (52); 69 (78); 56 
(100). 

ppof. 14c 
A solution of 13b (224 mg, 1.57 mmol), NEts (444 ~1,'3.2 mmol), DMAP (40 
mg, 0.16 mmol) and tosyl chloride (330 mg, 1.7 mmol) in dry CH2Clr (10 ml) 
was stirred for 24 h at 2OoC. Usual work-up (5% NHaCl-CHzC12) and MPLC 
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(hexanes-ethyl acetate 1O:l) gave l4b (400 mg, 1.35 mmol, 86% 1. 14a and 
14~ were prepared using the same procedure. 

___ - ll-cvcloventanone (lU'0 
l4.p.: 66-67oC (from hexanes-ethyl acetate, ref.'0 65-67oC).- 1H NMR (400 
MHz, CDsOD): 8 = 0.95 (8, 3H, z-CH2); 1.75-1.82 (lH), 1.82-1.96 (2H), and 
2.03-2.10 (1H. CHz-3 - CHz-4); 2.11-2.19 (lH, 5-H); 2.25-2.34 (1H. 5-H'); 
2.45 (8, 3H, At-CH2); 
OTs); 

3.84 and 3.95 (AB system, IJI = 9.2 Hz, 2H, CH2- 
7.43-7.75 (4H, Ar-H). - 12C NMR (100 MHz, CDsOD): 8 = 19.5 (2-CH2 

and C-4); 21.6 (Ar-CH2); 33.8 (C-3); 38.5 (C-5): 49.6 (C-2); 74.5 (CH2- 
OTs); 129.0, 131.1, 133.9, 146.7 (Ax--C's); 221.4 (C-l). - IR (CClr): 1740 
(C=O); 1605 (C=C, aromat); 1370 (vam SO2); 1185, 1175 cm-1 (v. 902). 

-- _ 11-cvclomone (1&'~2' 
1H NMR (400 MHz, CDrOD): 6 = 1.08 (8, 3H, 2-CH2); 1.63-1.77 (5H) and 
1.87-1.93 (lH, CHr-2 - CHz-5); 2.17-2.23 (lH, 6-H); 2.43-2.48 (lH, 6-H'); 
2.45 (s, 3H, Ar-CH2); 3.97 and 4.01 (AB system, IJI = 9.5 Hz, 2H, CHr- 
OTs); 7.44-7.76 (4H, Ar-H). - 1'C NMR (100 MHz, CDsOD): 6 = 20.6 (2- CHI); 
21.6 (At-CH2 and C-4); 28.0 (C-5); 36.6 (C-3); 39.4 (C-6); 49.7 (C-2); 
75.7 (CHr-OTs); 129.0, 131.1, 134.0, 146.6 (Ar-C's); 214.0 (C-l). - IR 
(CC14): 1705 (C=O); 1595 (C=C, aromat); 1370 (v.~ S02); 1185, 1175 cm-1 
(Va SO2) . 

-- _ 
1H NMR (400 MHz, CD,OD): 8 = 1.05 (8, 3H. CHz); 1.43-1.68 (7H) and 1.87 
(dad, IJil = 15 Hz, J2 = 10 Hz, Jr = 1 Hz, lH, CHz-3 - CHz-6); 2.38-2.45 
(lH, 7-H), 2.47 (8, 3H, Ar-CH,), 2.51-2.60 (1H. 7-H'); 3.95 and 4.00 (AB 
system, 

d 
JI = 10 Hz, 2H, CHz-OTs); 7.44-7.77 (4H, Ar-H). - 1sC NMR (100 

MHz, CD2 D): 8 = 21.4 (Ar-CHS, 2-CH1); 25.1; 27.2; 31.2; 33.9 (C-3 - C-6); 
41.6 (C-7); 51.9 (C-2); 75.3 (CHr-OTs); 128.9, 131.0, 133.8, 146.5 (Ar- 
C's), 216.4 (C-l).- IR (ccld): 1695 (C=O); 1370 (v.~ SO2); 1190, 1180 cm-l 
(Vm SO2) - MS: m/z (%) = 155 (21); 138 (60); 123 (12); 109 (100). - 
(Found: C;61.98; H, 7.10). Cl6HZ2GIS (310.4) resuires C, 61.91; H, 7.14). 

14b. 14~ with CHJONa in CHJOH, 
a) Reaction of 14b: A solution of CH2ONa in CHIOH (0.7 mol/l, 6.6 ml) was 
added to a solution of 14b (390 mg, 1.3 mmol) in CH2OH (6.5 ml). The mix- 
ture was heated to 90°C (glass autoclave) for 30 min. After cooling to 
20-C Et20 (100 ml) and 5% NHhCl (100 ml) were added. The organic layer 
was washed with 5 % NHaCl solution (2 x) and dried over MgSO4. The product 
ratios were determined by GC (40 m-x 0.28 mm glass capillary column (OV 
17), 1OO~C. carrier gas: Hz). Five compounds were identified: 6.6 min 
(unidentified, 8%); 7.3 min (l.l%, 2-methyl-cyclohexanone (21), identical 
(GC) with an authentic sample), 8.1 min (51%, 20), 10.0 min (39%, 19) and 
13.5 min (l.l%, 18). After very careful solvent evaporation the residue 
was separated by prep. GC (20% carbowax on chromsorb P-NAU, 60/80 mesh, 
2.4 m x 7 mm, 80 OC, WLD detector, carrier gas: He). 
b) Reaction of lla: Procedure as described for 14b, heating to 9O'C: 2h. 
Analytical GC as described in a). Three compounds were identified: 4.6 
min (lo%, 17), 5.2 min (la%, 16), and 7.8 min (638, 15). Preparative sepa- 
ration was performed by LC (pentane-Et20 2O:l) followed by prep. GC (2 m x 
7 mm, 3% OV 101 on Chromosorb W-HP 60/80 mesh, 6OOC, FID detector , car- 
rier gas: Nz). 
c) Reaction of 14~: Procedure as described for 14b, heating to 90': 15h. 
Analytical GC as described in a), however a temperature program was used: 
5O'C-->2OO'C, 5'lmin. Four compounds were identified: 6.1 min (36%, 2-me- 
thylcycloheptanone (25), identical (GC) with an authentic sample22), 8.6 
min (20%. 24), 8.9 min (31%, 23), 13.3 min (13%, 22). Preparative se- 
paration as described in b). 
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Methyl 5-methvl 5 hexenoate -- (15). 33 

1H NMR (400 MHz, CDC13): 6 = 1.69 (narrow m (LRC), 3H, 5-CH3); 1.74 (quint 
t LRC J = 7.5 Hz, 2H, CH2-3); 2.01 (t, J = 7.5 Hz, 2H, CHz-4); 2.27 (t, J 
= 7.5 Hz, 2H, CHz-2); 3.62 (6, 3H, 0CH3); 4.62 (1H) and 4.69 (lH, LRC, 
CHz-6). - 13C NMR (100 MHz, CDC13): 6 = 22.1, 22.7 (5-CH3 and C-3); 33.4 
(C-2); 37.0 (C-4); 51.4 (OCH3); 110.6 (C-6); 144.7 (C-5); 174.1 (C-l). - 
IR (CDC13): 1740 (C=O); 1645 (>C=CHz); 890 Cm-l OC=CHz) . - MS m/Z (%) = 
142 (12, M+); 127 (2); 111 (22): 110 (13); 82 (81); 74 (95); 43 (100). 

I-Methyl-bicyclof2.1.llhexan-5-one (16). 
NMR (CDCl3) results from 400 MHz 1H NMR, 100 MHZ 13C NMR. DEPT,34 COSY,35 
lJC/lH 2D shift correlation using large ~JCH COUPlingS36): 

C 6 (lH) 6 (13C) COSY crosspeaks 
1 61.55 
2 1.59-1.73 m 27.15 3-H, 3-H', Z-H', and 

6-H 
3 1.73-1.90 m 22.43 4-H, 2-H, 2-H', 3-H', 

and 6-H 
4 2.80-2.84 m 53.10 3-H, 3-H'. 6-H and 

6-H' 
5 201.92 
6 1.38-1.47 m 33.00 4-H, 2-H and 3-H 
7 1.21 S 11.85 

IR (CDC13): 1775 cm-1 (C=O). - C7H100 (110.2), MS: m/z (%) = 110 (10, M+); 
82 (51); 69 (45); 67 (99); 55 (96); 41 (100). The 2,4-dinitrophenylhydra- 
zone was prepared using a standard procedure.37 M.P. 153-154oC (from etha- 
nol). (Found: C, 53.83 ; H, 4.90. Cl3HlrN404 (290.3) requires C, 53.78; H, 
4.86). 

1-Methoxv-2-methyl-cvclovent-1-ene (17). 
1H NMR (400 MHZ, CsDs): 6 = 1.62-1.68 (2H, CH2); 1.71 (narrow m (LRC), 3H, 
CH3-2); 2.12-2.26 (4H, CHz-3 and CHz-5); 3.38 (s. 3H, GCH3). - IR (CHCl.3): 
1690 Cm-l (C=C-0). - C7H120 (112.2), MS (from GC-MS): m/z (%) = 112 (56, 
M+); 111 (65); 97 (96); 81 (44); 79 (46); 41 (100). On treatment Of 17 
with 2,4-dinitrophenylhydrazine/sulfuric acid in ethanol37 the 2,4-di- 
nitrophenylhydrazone of 2-methylcyclopentanone was formed, m.P. l5l-l53'C 
(from ethanol, ref.38 153-154OC). 

Methvl 6-methvl-6-heptenoate (18).5 
'H NMR (400 MHz, CDCls): S = 1.46 (quint, J = 7.5 Hz t LRC, 2H, CHz); 1.61 
(quint, J = 7.5 Hz t LRC, 2H, CH2); 1.68 (s, 3H, 6-CH3); 2.01 (t, J q 7.5 
Hz t LRC, 2H, CH2-5): 2.32 (t, J = 7.5 Hz. 2H. CHz-2); 3.65 (6, 3H. OCH3); 
4.65 and.4.68 (LRC, ..2H, CHz-7.).- IR (CDC13): 1730 cm-l (C=O) . - I 
GC-MS): m/z (%) = 156 (4, M+); 125 (10); 124 (18); 82 (100). 

1-Methyl-bicvcloC3.1.llheptan-6-one (19).5 
'H NMR (400 MHz, COSY, CDC13): 6 = 1.05 (s, 3H, l-CH3): 1.50-1.66 
and 2-H); 1.68-1.81 (2H, 2-H' and 4-H'); 1.95-2.05 (lH, 3-H'); 2 
(3H, 3-H and CHz-7); 2.97-3.03 (lH, 5-H). - IR (CDC13): 1755 cm-l 
MS (from GC-MS): m/z (%) = 124 (2.3, M+); 109 (0.6, [M-CH3]+); 96 
(30); 81 (100); 67 (52). 

S (from 

2H, 4-H 
10-2.24 
C=O). - 
28); 82 

1-Methyl-bicvclor3.2.Olhevtan-6-one (20)." 
'H NMR (400 MHz, CGSY, CDC13): S = 1.42 (s, 3H. l-CH3); 1.47-1.60 (1H); 
1.60-1.72 (2H, CHz-4); 1.76-1.92 (2H); 1.92-2.00 (lH), 2.68 (lH, 7-H); 
2.82 (lH, 7-H'); 2.97-3.02 (lH, 5-H). 157.7'1 = 20 Hz, J5.7 = 1.9 HZ, 
J5.7' = 6.1 HZ.- IR (CDC13): 1760 cm-l (C=O). - MS (from GC-MS): m/Z (%) = 
124 (1.8, M+); 109 (1.0); 96 (14); 82 (81); 81 (82); 67 (100). 
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_- 1-cvclohe&Sn l one _- t22L 
'?I NMR(80 MHz, CDClr): 6 = 1.04 (8, 3H,2-Clis); 1.16-2.69 (8H, CHa sig- 
nals); 2.30-2.69 (2H, CHz-7); 3.28 (8, 3H, OCHx); 3.32 and 3.33 (PH,-CHz- 
o-). - IR (CDCla): 1690 cm-1 (C=O). - C~OHICIOZ (170.2). MS (from GC-MS): 
m/z (%): 170 (26, M*); 155 (5); 138 (57), 127 (40); 45 (100). 

l-Met&J bicvclo(4.l.lloctan 7 one _. _ _ (23L 6 
IH N!4R (80 MHz, CDC13): 6 = 1.15 (6, 3H, I-CH3); 1.37-2.04 (10H. CH2 sig- 
nals); 3.08-3.39 (1H. 6-H). - IR (CDCl3): 1760 cm-l (C=O) . - MS (from GC- 
MS): m/z (%) = 138 (19); 123 (3); 110 (35); 96 (47); 95 (79); 82 (44); 81 
(100). 4 

-_ _’ lo15.2.01non 6 ene -- (24), 
'H NHR (80 MHz, CDC13): 6 = 1.50 (6, 3H, l-CH3); 1.13-2.18 (CH2 signals); 
4.21 and 4.39 (AB system, I.71 = 4.5 Hz, 2H, CH2-9); 4.74 (dd, J1 = 8 Hz, 
J2 = 5 Hz, lH, 6-H). - IR (CDC13): 1715 (C=C-0); 1150, 1080 cm-1 (C-O-C) . 
- C9H140 (138.2), MS (from GC-MS): m/z (%) = 138 (65, M+); 123 (12); 93 
(100). 

_ - _ _ vlseleno-ethvl) 4.4 d_aM&&vlcvcloheggn 1 01 _ -. -_ (27), 
To a solution of 2,2-[bis(methylseleno)]propane (300 ~1) in THF (2 ml) n- 
butyllithium (1.6 M in hexane, 1.0 ml, 1.6 mmol) was added at -78V. The 
mixture was stirred at -78oC for 40 min, then a solution of 26 (200 mg, 
1.58 mmol) in THF (1 ml) was added. The reaction mixture was stirred at 
-78 OC for 2.5 h, then 5% aqueous NH4Cl (2 ml) was added. Usual work-up 
(ether) and SC (hexanes-ethyl acetate 15:l) gave 27 (325 mg, 78%). - lH 
NMR (80 MHz, CDC13): 6 = 0.85 (8, 3H) and 0.93 (6, 3H. C(CH3)z); 1.08-1.30 
(2H, ring protons); 1.48 (s, 6H, Se-C(CHr)r); 1.52-1.69 (6H, ring Pro- 
tons); 1.88 (s, lH, OH); 2.03 (6, 3H, Se-CH3). - IR (CC14): 3600, 3500 cm- 
’ (OH) . - MS: m/z (%) = 264 (7.4, M+)3g ; 169 (18); 151 (22); 138 (83); 
127 (44); 109 (54); 95 (50): 41 (100). - (Found: C, 54.80; H, 9.20. 
C12HtrOSe (263.3) requires C, 54.74; H, 9.19). 

2.2.5.5-Tetramethvlcvcloheptanone (28)._ 
To a solution of 27 (315 mg, 1.2 mmol) in CHC13 (5 ml) thallous ethoxide 
(475 ul, 6.7 mmol) was added and the mixture was stirred at 2OoC for 2.5 
h. Work-up (ether-water) and LC (40 g SiO2, pentane-ether 4O:l) gave 28 
(143 mg, 69%).- 1H NMR (80 MHz, CDC13): 8 = 0.95 (8, 6H, 5-CH3 and 5- 
CH3'); 1.05 (6, 6H, 2-CHJ and 2-CH3'); 1.14-1.75 (6H, CH2 signals); 2.35- 
2.58 (2H, CH2-7). - IR (CC14): 1700 Cm-l (C=O) . - MS: m/Z ($1 = 168 (27, 
M'); 153 (lo); 150 (9); 140 (8); 99 (56); 81 (98); 43 (100); 41 (100). 
(Found: C, 78.48; H, 11.87. C11HzoO (168.3) requires C, 78.51; H, 11.98). 

Deter-on of the relative 
. 

redu ction rates of ketones 28. 29. and 34 
witkNaBHI. 
To a solution of cycloheptanone (300, 0.1 mmol), one of the ketones to be 
reduced (see Table 2) (0.1 mmol), and a suitable hydrocarbon standard (5 
mg) in isopropanol (1 ml) 0.5 equiv of a 0.1 molar solution40 of NaBHa 
(recrystallized from diglyme41) was added. The mixture was stirred at 25oC 
for 20 h. After addition of 0.1 N HCl (1 ml) the products were isolated by 
extractive work-up (ether). Product analysis was performed by GC ( 10 m x 
0.28 mm glass capillary column (OV 17), 50°C --) 115X. 5V/min, carrier 
gas: H2). Both the starting mixture and the product mixture were analyzed, 
and the relative rates were determined by normation of the areas of the 
ketone peaks before and after the reaction, relative to the standard. For 
both cycloheptanone and the ketone to be studied (see Table 2) the exPres- 
sion A = 1 - (peak area)t.o / (peak area)t=zoh was determined. The ratio 
Ak.to.. / Acyc~oh.ptanon. corresponds then to the reduction rate of the 
ketone under investigation relative to cycloheptanone. Each value in Ta- 
ble 2 is the average of three experimental results. The following GC re- 
tention times have been observed: 30b: 5 4 min, 306: 5.4 min, 308: 6.8 
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min, 30f: 7.8 min, 29: 9.9 min, 28: 10.5 min, decane: 3.1 min, undecane: 
5.0 min, dodecane: 7.7 min. 

ve rate co&ant for 611~1 enol ether formation from som 
ones, 

To a solution of cycloheptanone (308, 0.1 mmol), one of the ketone6 28, 
29, 30b, 306, 30f. a suitable hydrocarbon standard (5 mg), and trimethyl- 
silyl chloride (140 ~1, 1 mm011 in dry THP (1 ml) at -78oC a 0.16 M LDA 
solution29 (0.6 ml, 0.1 mmol) was added and the mixture was stirred at 
-78OC for 5 min. Then triethylamine (0.4 ml) was added and (after removal 
of the cooling bath) saturated NaHCO3 solution (1 ml). After extractive 
work-up (ether) the relative rates were determined as described above. In 
the case of 29 the A value was divided by 2 to correct for the presence of 
four acidic hydrogens. Each value in Table 3 is the average of three ex- 
perimental results. 

Hydrosen-deuterium exchanse exveriments with 14a. 14b. and 14~. 
A solution of one of the ketones lla, 14b, and 14~ (9.8 mg) in 0.16 M 
CDsONa in CD30D (0.5 ml) was left at 4OC for 4 d. Then the mixture was di- 
rectly analyzed by 400 MHz 1Ii NMR. The following signals were absent after 
the exchange reactions: 14a: 6 = 2.14 and 2.30, 14b: 6 = 2.17-2.23 and 
2.43 - 2.48, 14~: 6 = 2.38-2.45 and 2.51-2.60. 

160 --> IsO ex hanse exveriments with 14a. 14b. and 14c, 
To a solution zf one of the ketones lla, lib, or 14c (45 ma) in CD3OH (0.4 
ml) were added 2% NaOH in Hz160 (0.4 ml) and Hzl*O (0.4 ml). The mixture 
was left at 4oC for 4 d and was then directly analyzed by 13C NMR. Then 
the products were isolated by extractive work-up (ether) and analyzed by 
IR. Results: 14a: two signals in the CO region (AS = 0.052 ppm), IR 
bands at 1750 and 1715 cm-l; 14b: two signals in the CO region (AS = 0.050 
ppm), IR bands at 1710 and 1675 cm-l * 14~: two signals in the CO region 
(AS = 0.052 ppm), IR bands at 1705 ani 1670 cm-l. 

Force field ca&ulations.24 
The following Hf values were calculated (kcal/mol): 
33, n = 1: -61.12 n = 2: -69.10 n = 3: -70.34 
34, n = 1: -71.89 n = 2: -83.17 n= 3: -79.68 
35, n = 1: - 9.52 n = 2: -25.81 n= 3: -35.59 
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