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The Conformational Analysis of Saturated Heterocycles. Part XXXII.l 
I -t-Butylpiperidine-4-spiro-4'- and -5'-oxazolines and -4'- and -5'-thi- 
azolines 
By Richard A. Y. Jones, A. R. Katritzky. P. G. Lehman, and (Mrs.) B. B. Shapiro, School of Chemical 

Sciences, University of East Anglia, Norwich 

Compounds of the type mentioned in the t i t le have been prepared and their dipole moments and low-temperature 
n.m.r. spectra investigated to provide evidence on the position of the conformational equilibria of type (1 a) =+ (1 b) 
and hence of the relative steric interactions involving sp2-hybridised nitrogen, and of oxygen and sulphur attached 
to sp2-carbon, compared in each case with a methylene group. 

IN the previous paper, we described a new general method 
for the comparison of intramolecular interaction across 
space in defined geometric situations. This involved 
the preparation of spiro-compounds of type (1) and the 

I 
B u t  

determination of the position of the conformational 
equilibria (la) (lb) by dipole moment and n.m.r. 
techniques. The present paper describes the application 
of this method to a series of spiro-oxazolines and -thi- 
azolines. In  the systems presently under discussion, Y 
is CH, in all cases, whereas XAB is N=C-0, 0-C=N, 
N=C-S, and S-C=N. The compounds were designed to 
allow comparison of the steric requirements of sp2- 
hybridised nitrogen atoms, and of oxygen and sulphur 
atoms bonded to  a sp2-hybridised carbon with those of a 
methylene group, and hence with each other. Relatively 
little quantitative work is available regarding steric 
interactions involving sp2-hybridised nitrogen : the 
dipole moments of 2-(pyridyImethylene)indan-3-ones 
indicated 233 that the steric requirements of an spa-lone 
pair were less than those of a hydrogen atom attached to 
sp2-hybridised carbon when the probe was another 
hydrogen atom. This is supported by work on aza- 
biphenyls and on azametacyclophanes,5 though not by 
some on 2-phen~lpyridine.~ 

Preparation of Com+owzds.-The spiro-oxazolines 
were prepared as outlined in Schemes 1 and 3, the spiro- 
thiazolines as in Scheme 5 ,  and various model com- 

1 Part XXXI, R. A. Y. Jones, A. R. Katritzky, P. G. Lehman, 
K. A. F. Record, and B. B. Shapiro, J .  Chem. SOC. (B) ,  preceding 
paper. 

J. M. Bobbitt, A. R. Katritzky, P. D. Kennewell, and M. 
Snarey, J .  Chem. SOC. (B) ,  ,l968, 550. 

3 A. R. Katritzky in Topics in Heterocyclic Chemistry,' 
ed. R. N. Castle, Wiley, New York, 1969, p. 35. 

P. H. Cureton, C. G. Le F h r e ,  and R. J. W. Le Fhvre, 
J .  Chem. SOC., 1963, 1736; S. Castellano, H. Gunther, and 
S. Ebersole, J .  Phys. Chew., 1965,69,4166; J. N. Murrell, V. M. S. 
Gill, and F. M. van Duijneveldte, Rec. Trav. chim., 1965,84, 1399. 

I. Gault, B. J. Price, and I. 0. Sutherland, Chem. Comm., 
1967, 540. 

H. Wheeler and C. Hoffman, Amer.  Chenz. J., 1911, 45, 368. 
ti H. H. Huang, Chem. Comm., 1969, 815. 

pounds required for the dipole moment work as in 
Schemes 2 and 4. 

Scheme 1 utilises the hydantoin synthesis of amino- 
acids: ' the hydantoin (3) was prepared by a modific- 
ation of a general method.8 Hydrolysis (3) -+- (4) was 
conveniently effected by barium hydroxide. Attempts 
to esterify the amino-acid (4) failed; it was reduced by 

(9) R = Ph (6) R =  Ph 
(10) R = p-CIC,H, 
(11) R = 3,5-CI2C,H, 

(7) R = p-CIC,H, 
(8) R = 3,5-CI2C,H, 

SCHEME 1 
Reagents: i, (NH,),CO,-KCN; ii, Ba(OH),-I-I,O, 160"; 

iii, LiAlH,; iv, RCOC1, NaOH, PhH; va, SOC1,; vb, OH-. 

the technique described in ref. 9. Selective N-benzoyl- 
ation of (5 )  was, after difficulty, finally achieved by the 
method of Leffler and Adams.lo The oxazoline cyclis- 
ation (6) + (9) caused difficulty (cf. ref. 11) : with (6), 
toluene-9-sulphonyl chloride 12* l3 produced a tar from 
which a small quantity of the ester (12) was isolated; 
thionyl chloride worked well under mild,14 but not 

H. Th. Bucherer and V. A. Libe, J .  prakt. Chem., 1934,141,5. 
0. VogelandM. Pohm, Monatsh., 1952, 83, 541. 

lo M. T. Leffler and R. Adams, J .  Amer.  Chem. SOC., 1937, 59, 
2252. 

l1 R. H. Wiley and L. L. Bennett, jun., Chem. Rev., 1949, 44, 
447. 

12 R. N. Boyd and R. H. Hansen, J .  Amer.  Chem. SOC., 1953, 
'75, 5896. 

13 R. N. Boyd and R. C. Rittner, J .  Amer.  Chem. SOC., 1960, 
82, 2032. 

14 (a) R. A. Y. Jones, A. R. Katritzky, P. G. Lehman, and 
A. C. Richards, to be published: (b )  P. W. Collins and J. Andrako, 
J .  Het. Chem., 1966, 3, 260. 
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vigorous lo conditions. The reactions of Scheme 2 
follow the methods of Scheme 1. 

The reduction of the cyanohydrin (22) 1h (Scheme 3) 
was unsatisfactory in tetrahydrofuran 15 at room tem- 

OH RCO OH 
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I I I  
HN, /CH2 a, SOCI, 

C 
H2N\ /'"' RCOCI, 

/ \ b ,OH-  ' C 
Me' \Me Me Me 

(13) (14) R = Ph 
(15) R =p-,CIC,H, 
(16) R = 3,5-CI,C,H3 
(17) R = p -  BrC6H4 

R Q 
Me Me 

perature but proceeded well in ether at 0". l 6  The arnino- 
alcohol (23) was readily converted into the benzamido- 
alcohol (26), but attempts to cyclise this to the oxazoline 
(24) by the thionyl chloride method failed. This would 

NH2 B z y H  

(23) But (26) 

(24) R = Ph 
(25) R = p-CIC6H4 

SCHEME 3 

not be surprising in view of the SN2 mechanism demon- 
strated for this reaction 17 except that (a) both erythro- 
and threo-l-benzamido-l,2-diphenylpropan-2-ol have 
been cyclised 18 to the corresponding oxazolines and ( b )  
the 5,5-dimethyloxazolines (Scheme 4) were successfully 
prepared by this method. Sulphuric acid, which has 
successfully cyclised tertiary amido-alcohols,* also failed 
with (26), this could be due to extra steric hindrance 
because of the six-membered ring and/or to the effect of 
the positive charge on the piperidine ring nitrogen.lg 
The oxazolines (24) and (25) were finally prepared by 

l5 H. R. Nace and B. B. Smith, J .  Amer. Chem. SOC., 1952, 
74, 1861. 

l6 L. H. Amundsen and L. S. Nelson, J .  Amer. Chem. SOC., 
1951, 73, 242. 

l7 W. S. Johnson and E. N. Schubert, J .  Amer. Chem. SOC., 
1950, 72, 2187. 

G. Drefahl, M. Hartmann, and H.-H. Horhold, Chem. Ber., 
1958, 91, 1092. 

l9 For a full discussion see P. G. Lehman, Ph.D. Thesis, Uni- 
versity of East Anglia, 1969. 

the benzimidic ester method 20 in which the C-OH bond 
is not broken.lg (This method gave only a poor yield in 
the conversion (5) --+ (9), as expected.) l9 The re- 
duction (27) + (28) is best carriedout atlowtemperature 
(cf. ref. 21). The cyclisations (29) -+ (31) and (30) ---t 
(32) succeed by the thionyl chloride method although 
we now consider better yields would probably be 
obtained by the benzimidic ester route. 
l-Benzamido-2-methylpropan-2-ol (29) was also 

cyclised by phosphorus pentasulphide to 5,5-dimethyl- 
2-phenyl-2-thiazoline (37) by the published 22 method, 
but application of this method, or a modification 23 

failed to effect the conversion (26) ----t (35), as did 

y* 
HO\ /CH2 

C 
/ \  

Ho\ /CN LIAIH, 
C 

/ \  
Me Me Me Me 

SOCI HO\ ,CH* 
C 
/ \  

Me Me 
%? + 

Me Me 

(31) R = Ph (29) R = Ph 
(32) R = p-CIC,H, (30) R = p-CIC,H, 

SCHEME 4 

attempts to prepare (35) by fusion of 4-aminomethyl-4- 
bromo-l-t-butylpiperidine dihydrobromide with thio- 
benzamide.24 A specimen of 4,4-dimethyl-2-pheny1-2- 
thiazoline (38) was prepared in low yield by treatment 
of 2,2-dimethylaziridine with thiobenzamide, after the 
method of Kuhn and D r a ~ e r t . ~ ~  

(33) (34) (35) 

Oxirans have been reported to yield 2-oxazolines with 
amidines,26 and l-t-butylpiperidine-4-spir0-2-oxiran 
(33) did yield the oxazoline (24) with benzamidine. 
However, the thiiran (34) 2 and benzamidine gave only 
traces of (35).19 

20 D. F. Elliott, J .  Chem. SOG., 1949, 589; J. Sicher and M. 
Svoboda, Coll. Czech. Chem. Comm., 1958, 23, 1252. 

21 R. M. Srivastava, K. Weissman, and L. B. Clapp, J .  Het. 
Chew., 1967, 4, 114. 

22 J. C. Sheehan and G. D. Laubach, J .  Amer. Chem. SOG., 
1951, 73, 4376. 

23 C. Djerassi and C. R. Sholz, J .  Org. Chem., 1949, 14, 660. 
24 S. Gabriel and C. F. von Hirsch, Chem. B e y . ,  1896, 29, 2609. 
25 R. Kuhn and F. Drawert, Annalen, 1954, 590, 55.  
26 R. F. Lambert and C. E. Kristofferson, J .  Org. Chem., 

SCHEME 5 

1965, 30, 3938. 
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Thiirans have been shown by Helmkamp et aZ.27,28 
to react with nitriles to yield 2-thiazolines. Most of the 
examples involved symmetrical thiirans, but they 
claimed 28 that the reaction was stereospecific because 
only 2,4-dimethyl-2-thiazoline was isolated (17% yield) 
from 2-methylthiiran and acetonitrile. We found that 
the thiiran (34) in this procedure gave both isomeric 
2-thiazolines (35) and (36) the structures of which were 
assigned by comparison of the n.m.r. chemical shifts 
with model compounds (37) 22 and (38) 25 (cf. Tables 1 

Ph Ng 
Me Me 

(37) (38) 

and 2). N.m.r. investigation of the crude reaction 
product (which was obtained in 45% total yield) 
indicated that compounds (35) and (36) are formed in 
the ratio ca. 1.4: 1. Separation of (37) and (38) was 
tedious but they were finally obtained in yields of 12 
and 4% ; l-t-butylpiperidine-4-spiro-4'- (2'-phenyl-2'- 
thiazoline) (36) was obtained isomerically pure but 
l-t-butylpiperidine4-spiro-5'- (2'-phenyl-2'-thiazoline) 
(35) was not. It contained ca. 25% of (36), but this did 
not interfere with the variable-temperature n.m.r. ex- 
periment as the methylene resonances were well separated. 
These findings necessitate modification of the mechanism 
proposed 28 for the reaction of thiirans with nitriles; the 
similar reaction of nitriles with unsymmetrical oxirans 
usually gives a mixture of products29 although pre- 
ferential attack was at the more substituted carbon atom 
(see also ref. 30). In  our reaction (Scheme 5), a larger 
proportion of product is derived from attack at the least 
substituted carbon atom of the thiiran (34); possibly 
steric factors balance electronic effects in the present 
system. 

EXPERIMENTAL 

1 -t-Butylpiperidine- 4-spiro- 5'-hydantoin. - 1 - t- Bu tyl- 
piperid-4-one (25.0 g.) in ethanol (81.0 ml.), ammonium 
carbonate (46-5 g.) in water (200 ml,), and potassium 
cyanide (12.9 g.) in water (42 ml.) were heated a t  50-60" 
for 2 hr., and then kept a t  20' for 16 hr. 1-t-ButyZpifieridine- 
4-spiro-5'-hydantoin (31.7 g., 88%) separated and was dried 
a t  120' : i t  crystallised as prisms (from methanol-water) 
m.p. >300° (sublimed on further heating) (Found: C, 
58.8; H, 8.7; N, 18-9. CllHloN30, requires C, 58.6; H, 
8.5; N, 18.7%); v- a t  1775, 1730 (GO), and 3260, 3180 
cm.-l (NH). 

Butylpiperidine-4-spiro-5'-hydantoin (8.0 g.) and barium 
hydroxide octahydrate (19.2 g.) in water (100 ml.) were 
heated at  160" for 3 hr. (sealed tube). The contents of 
three such tubes were combined and the precipitated 
barium carbonate was filtered off. The filtrate was treated 

2' G. K. Helmkamp, D. J. Pettitt, J. R. Lowell, jun., W. R. 
Mabey, and R. G. Wolcott, J .  Amer. Chem. SOL, 1966, 88, 1030. 

** J. R. Lowell, jun., and G. K. Helmkamp, J .  Amer. Chenz. 
SOC., 1966, 88, 768. 

4-A mino- 1 -t-butylpi~eridine-4-carboxylic Acid.-l-t- 

with solid carbon dioxide, again filtered, and concentrated 
to a small volume from which 4-amino-l-t-butylpiperidine- 
4-carboxylic acid (1 7.5 g., 82.2 yo) separated as large plates ; 
it crystallised from water-dimethoxyethane as prisms which 
sublimed at  256-258" (sealed tube) (Found: C, 59-7; 
H, 10.3; N, 14.3. CloH,,N,02 requires C, 60.0; H, 10.1; 
N, 14.0y0) ; v,, a t  1667, 1590 cm.'l. 

4-Amino-4-hydroxymethyZ-1-t-butyl Pi9eridine.-Lithium 
aluminium hydride (2.7 g.), in tetrahydrofuran (150 ml. 
previously distilled from LiAlH,) was heated under reflux 
for 10 min. after which dry, finely powdered 4-amino- 
1-t-butylpiperidine-4-carboxylic acid (7.0 g.) was added in 
small portions with efficient stirring. After the addition 
was completed, the solution was heated under reflux for a 
further 4 hr. With external cooling the reaction mixture 
was worked up after the method of MiCovii: and MihailoviC 31 
and the inorganic solid which was filtered off was extracted 
with boiling tetrahydrofuran (3 x 25 ml.). The tetra- 
hydrofuran filtrate and extracts were combined and the 
solvent removed at  20 mm. The residue crystallised from 
benzene-light petroleum (b.p. 60-80") to give 4-amino-4- 
hydroxymethyl-l-t-butylpiperidine (4-9 g., 75%) as needles, 
m.p. 75-75.5" (Found: C, 64.2; H, 11.7; N, 15.1. 
CloH22N,0 requires C, 64.5; H, 11.9; N, 15.0%); vmX. a t  
3365, 3330 (NH), 3120br (OH), 1578 cm.-l (NH,). 

Freshly distilled benzoyl chloride (1-35 g.) in benzene 
(2.0 ml.) was added to 4-amino-4-hydroxymethyl-l-t- 
butylpiperidine (1.9 g.) in water (15 ml.). With external 
cooling and vigorous stirring, a solution of sodium hydroxide 
(0.4 g.) in water (9.0 ml.) was added during 30 min. After 
further stirring at  20" for 1 hr., benzene (30 ml.) was added 
and the stirring was continued for 30 min. The benzene 
phase was separated and the aqueous phase was saturated 
with sodium chloride and extracted with benzene (3 x 20 
ml.). The benzene phase and extracts were combined, 
dried (Na,SO,), and the solvent removed under reduced 
pressure to give 4-benzamido-Chydvoxymethyl-l-t-butyl- 
piperidine which crystallised from ethyl acetate as plates 
(1-4 g., 47y0), m.p. 154-154-5' (Found: C, 70.8; H, 9.1; 
N, 9.9. C,,H,,N,O, requires C, 70.3; H, 9.0; N, 9.7%); 
v,, 3330, 3270 (NH), 3200 (OH), 1638 (GO), 1550 cm.-l 
(amide 11). 

The following were similarly prepared : 4-(p-chloro- 
benzamido)-4-hydroxymethyl-l-t-butyl~i~eridine (42%) as 
prisms, m.p. 163-164" (decomp.) (from isopropyl alcohol) 
(Found: C, 62-6; H, 7.9; N, 8.2. C1,H2,C1N20, requires 
C, 62.9; H, 7-8; N, 8.6%) ; 4-(3,5-dichlorobenzamido)-4- 
hydroxymethyZ-l-t-butyZPiperidi~ (49%) as rods, m.p. 184- 
186" (decomp.) (from ethyl acetate) (Found: C, 57-0; H, 
6.8; N, 7.7. C1,H2,C1,N202 requires C, 56.8; H, 6.7; N, 

4-Benzamido-4-hydroxymethyl- 1 -t- butylpiperidine .- 

7.8%). 
4-Benzamido- l-t-butyl-4-toluene-p-sulphonyloxymethyl- 

piperidine.-Toluene-9-sulphonyl chloride (0.93 g.) was 
added with stirring a t  20" to 4-benzamido-Q-hydroxymethyl- 
1-t-butylpiperidine (1.40 g.) in anhydrous pyridine (4-0 ml.). 
After being stirred for 3 hr., the mixture was poured onto 
ice (25 g.) and concentrated hydrochloric acid (8 ml.), The 
acid solution was made strongly alkaline with 20% sodium 
hydroxide and then extracted with benzene (4 x 20 ml.) 

39 R. Oda, M. Okano, S. Tokiura, and F. Misumi, Bull. SOC. 
Chem. Jafian, 1962, 35, 1219. 

30 F. Johnson and R. Madrofiero, Adv. Heterocyclic Chem., 
1966, 6,  95. 

31 V. M. MiCoviC and M. Lj. Mihailovid, J .  Org. Chem., 1953, 
18, 1190. 
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and chloroform (2 x 20 ml.). The extracts were combined 
and evaporated. The red solid residue (1.95 g.) was 
chromatographed on silica gel (B.D.H.) with ethyl acetate- 
absolute ethanol (2.5 : 1) and 4 fractions were collected. 
The toluene-p-sulphonate from fraction 2 recrystallised from 
ethyl acetate as prisms (0.6 g.), m.p. 220-221" (Found: C, 
64.4; H, 7.3; N, 6.4. C,,H3,N20,S requires C, 64-85; 
H,  7.3; N, 6.3%); vmsz 3295 (NH), 1657 (C=O), 1555 
(amide II), 1190, 1315 (-SO2-0). 

1 -t-Butylpiperidine-4-spiro-4'-( 2'-phenyZ-2'-oxazoZine) .- 
4-Benzamido-4-hydroxymethyl-l-t-butylpiperidine (1.0 g.) 
was added to freshly distilled thionyl chloride (11.6 g.) 
stirred a t  10'. The solution was kept at room temperature 
(CaCI,-protected gas outlet) for 24 hr., and was then 
poured into dry ether (60 ml.). The separated solid was 
washed with ether by decantation, and then dissolved in 
cold water (10 ml.). This solution was made strongly 
alkaline with 20% sodium hydroxide. l-t-Butylpiperidine- 
4-spiro-4'-( 2'-phenyl-2'-oxazoZine) separated and was dried 
at 15 mm.; it crystallised as plates (0.45 g., 48%), m.p. 
157" (from ethyl acetate) (Found: C, 75-3; H, 8.9; A-, 10.3. 
C1,H2,N2O requires C, 75.0; H, 8.9; N, 10.3%); vmx. a t  
1650 cm.-l (C=N). 

The following were similarly prepared : l-t-butylpiperidine- 
4-spiro-4'- (2'-p-chZo~o~henyZ-2'-0xazoline) (58 yo) as plates, 
m.p. 205-205.5" (from isopropyl alcohol) (Found : C, 66-7; 
H, 7.4; N, 9.2. C17H23C1N20 requires C, 66.6; H, 7-6; 
N, 9-1 yo) ; l-t-buty2~i~eridine-4-s~i~o-4'-[2'-(3,5-dichlo~o- 
phenyZ)-S'-oxazoline] (58%) as plates, m.p. 135-135-5" 
[from isopropyl alcohol-ligroin (b.p. 60-8O0)] (Found : C, 
59-9; H, 6.5; N, 8.1. C17H2,C1,N20 requires C, 59.8; H, 
6.5; N, 8.2%). 
2-Bemamido-2-methyZfi~opan-l-02.- Z-Benzamido-2- 

methylpropan- 1-01 (60%) was obtained by a literature 
method l2 as prisms, m.p. 90-90.5" (lit.,l2 m.p. 90-2-91.2") 
(from aqueous methanol) (Found: C, 68.5; H, 7.8; N, 7.4. 
Calc. for C,,H15N02: C, 68.3; HI 7.8; N, 7.3%). 

The following 2-methylpropan- 1-01s were similarly pre- 
pared : 2-(pch1orobenzamido)- (56y0), m.p. 88-88.5O (lit.,l 
m.p. 88-89") (from aqueous methanol) (Found: C, 58.0; 
H, 6.2; N, 6-2. Calc. for CllHl,C1N02: C, 58.0; H, 6.2; 
N, 6.2%) ; 2-(3,5-dichlorobenzamido)- (78.5%) as prisms, 
m.p. 97-97-5" [from ethyl acetate-light petroleum (b.p. 
60-8Oo)] (Found: C, 50-6; H, 5.0; N, 5.6. CllH13C1,N0, 
requires C, 50.4; H, 5.0; N, 5.4%); and 2-(p-bromo- 
benzamido)- (52%) as prisms, m.p. 92-92.5" [from ethyl 
acetate-light petroleum (b.p. 40-60')] (Found : C, 48.7; 
H, 5.1; N, 5.2. C,,H,,BrNO, requires C, 48.5; H, 5.2; 
N, 5.2%). 
4,4-Dimethyl-2-phenyE2-oxazoline .- 4,4-Dimethyl-2- 

phenyl-2-oxazoline was obtained by a literature method 12 

as an oil, b.p. 7Oo/O-4 mm., which crystallised when set 
aside to give plates (72%), m.p. 24' (lit.,13 m.p. 23--24') 
(Found: C, 75.2; H, 7.8; N, 8.2. Calc. for C11H13N6: C, 
75-4; H, 7.5; N, 8*0y0). 

The following was similarly prepared : 2-(p-~hZorophenyZ) - 
4,4-dimethyZ-2-oxazoline as an oil, b.p. 88"/0.7 mm., which 
when set aside crystallised as needles (22y0), m.p. 34- 
34.5" (lit.,I3 m.p. 33-34') (Found: C, 62.7; H, 6.1; N, 6.5. 
Calc. for C,,H,,ClNO: C, 63.0; H, 5.8; N, 6.7%). 

The following were prepared by the thionyl chloride ring- 

32 A. W. Dox, Org. Synth., Coll. Vol. 1, 1932, 5. 
33 K. N. Welch and G. R. Clemo, J .  Ckem. SOL, 1928, 2629. 
34 T. L. Cairns and J. H. Fletcher, J .  Amer. Chem. SOC., 1941, 

03, 1034. 

closure method described above : 2-(3,5-diclzloro~henyZ)- 
4,Cdimethyl-2-oxazolilze (75%) as an oil, b.p. 87"/0.25 mm. 
(Found: C, 54.1; H, 4.7; N, 5.8. C1,H,,Cl2NO requires 
C, 54.1; H, 4.8; N, 5.7%); and 2-(p-bromophenyZ)-4,4- 
dimethyl-2-oxazuline (71%) as an oil, b.p. 100"/0-3 mm., 
which crystallised as prisms, m.p. 36-5-37" (Found: C, 
52.3; H, 5.0; N, 5.5. C,,H,,BrNO requires C, 52.0; H, 
4.8; N, 5.5%). 

4-AnzinomethyZ-4-hydroxy- l-t-butylpiperidine .- 4-Cyano- 
4-hydroxy-l-t-butylpiperidine (3.64 g.) in tetrahydrofuran 
(20 ml.) and ether (20 ml.) was added dropwise, during 1 hr., 
to a stirred solution of lithium aluminium hydride (2.0 g . )  
in dry ether (100 ml.) a t  0". The whole was stirred for a 
further 3 hr. a t  0" and then a t  20' overnight. The reaction 
mixture was worked up 31 and the inorganic material was 
filtered off and extracted with ether (Soxhlet) for 3 hr. The 
ether solutions were combined and the ether removed under 
reduced pressure, to leave 4-aminomethyl-4-hydroxy- l-t- 
butylpiperidine which separated from light petroleum 
(b.p. 60-80°) as (hygroscopic) needles (2.95 g., 79y0), m.p. 
100-102'. It was characterised as the N-benzoyl derivative 
which was prepared as above as prisms (from isopropyl 
alcohol), m.p. 184-186" (Found: C, 70.4; H, 8.7; N, 9.6. 
C1,H,,N202 requires C, 70.3; H, 9.0; N, 9.7%). 

1-t-BictyZpiperidine-4-spiro-5'- (2'-phenyZ-2'-oxazoZine) .- 
4-Aminomethyl-4-hydroxy- 1 -t-butylpiperidine (1.42 g. ) 
and benzimidic ester3, (1-36 g.) were heated at 180' (oil 
bath) for 1 hr. The solid obtained from the cool mixture 
crystallised from light petroleum (b.p. 60-80") (1.25 g.), 
and was recrystallised from the same solvent to give 
1 - t-bu ty Zpiperidin e- 4-sPir o- 5'- ( 2'-phenyl- 2 '- oxazo line) ( 1 * 0 g . , 
48%) as plates, m.p. 130.5-131" (Found: C, 75.1; H, 9.2; 
N, 10.4. 

l-t-ButyZpiperidine-4-spiro-5'- (2'-p-chlorophenyZ-2'-oxa- 
zoline) .- 4-Aminomethyl-4-hydroxy- l-t-butylpiperidine 
(0.79 g.) and p-chlorobenzimidic ester (0.93 g.) J32 were 
heated a t  140" for 1 hr. The mixture was cooled and the 
solid product was recrystallised from isopropyl alcohol to 
give l-t-butyZ~i~eridine-4-sfiiro-5'-(2'-p-chZoro~henyZ-2'-oxa- 
zoline) (1.15 g., 87%) which separated as plates, m.p. 171- 
172" [from light petroleum (b.p. 60-8O0)-isopropyl 
alcohol] (Found: C, 66.6; H, 7.8; N, 9-1. Cl7H2,C1N,O 
requires C, 66.6; H, 7.6; N, 9.4%). 

l-Auvtino-2-methyZ~ro~an-2-ol.-Freshly distilled acetone 
cyanohydrin [25.5 g.; b.p. 74'/12 mm. (lit.,33 b.p. 81"/15 
mm.)] was added during 1 hr. to lithium aluminium hydride 
(25.0 g . )  in dry ether (600 ml.) with stirring below -5". 
Stirring was continued for a further 2 hr. and the reaction 
mixture was then kept for 12 hr. a t  20". After being 
stirred for a further 4 hr. the reaction mixture was worked 
up.31 The inorganic material that  had been precipitated 
was filtered off and extracted (Soxhlet) with ether. The 
ether solutions were combined, concentrated to ca. 100 ml. 
and dried (MgSO,) ; the ether was removed a t  20 mm. , and 
the residue was distilled to give l-amino-2-methylpropan-2- 
01 (11.2 g., 42y0), b.p. 58"/12 mm. (lit.,34 b.p. 145-155'). 

l-Benzamido-2-methyZpro~an-2-ols.-The following were 
obtained by a modification of the method of Leffler and 
Adams : l-benzamido-2-methyZ~ro~un-2-ol (86%) as 
prisms, m.p. 10A105° (lit.,35 m.p. 108') [from ethyl 
acetate-light petroleum (b.p. 60-8Oo)] (Found : C, 68.5; 
H, 7.7; N, 7.4. Calc. for C11H1,N02: C, 68.4; H, 7.8; 

35 Krassusky, Cam$t. rend., 1908, 146, 238; taken from 
* Dictionary of Organic Compounds,' Eyre and Spottiswoode, 
London, 1953. 

C17H2,N20 requires C, 75.0; H, 8.9; N, 10.3%). 
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N, 7.3%); 1-(p-chlorobenzurnido)-2-methyl~ropan-2-ol l-t-Butyl~i~eridine-4-s~i~o-5’-(2’-phenyl-2’-oxazoline) (By 
(69.5%) as prisms, m.p. 132’ [from ethyl acetate-light the OximnMethod 23) .-l-t-Butylpiperidine-4-spiro-2’-oxiran 
petroleum (b.p. 60-80°)] (Found: C, 58.1; H, 6.2; N, (0.68 g.) and benzamidine (0.85 g.), were heated at 135’ (oil 
6.3. C11H,,ClN02 requires C, 58.0; H, 6.2; N, 6.2%). bath) for 12 hr. The resulting spiro-oxazoline (0-35 g., 

TABLE 1 

N.m.r. chemical shifts (p.p.m. on -r scale) and coupling constants (Hz) for 4,4- and 5,5-dimethyl-2-phenyI-2-oxazolines 
and -thiazolines 

Compound 

Posn. of Subst. on Oxa or 
Me phenyl Thia 

I 
* > Ring-CH2 Methyl Phenyl ring 

7 14 2‘,6‘-H 3’,5’-H 4‘-H j 
4 0 5.86 8-62 1.986 2.53 b 
4 4’-C1 0 5.87 8.62 2.09 2.58 9.0 
4 4’-Br 0 5.88 8-62 2.12 2-40 9.0 
4 3’,5’-CI2 0 5.86 8.61 2.15 2.56 1.8 
5 0 6.20 8.52 2.00b 2.56b 
5 4’-C1 0 6.19 8.50 2-08 2.54 8.1 
4 S 6.76 8.53 2.10b 2.53 b 
5 S 6.84 8.42 2.14b 2.56b 

a All measurements refer to a 20% w/v solution in CDCl, a t  60 MHz and 34” with Me,Si internal standard. b Centres of broad 
mu1 tiple ts . 

5,5-0imethyl-2-phenyl-2-oxuzolines.-The following were 36%) was crystallised from light petroleum (b.p. 60-80”), 
obtained by the method described above for 2-(3,5-dichloro- m.p. 130-131’. The mixed m.p. with the authentic 
phenyl)-4,4-dimethyl-2-oxazoline : 5,5-dimethyl-2-phenyl-2- compound was undepressed and the i.r. spectra were 
oxuzoline (36%) as an oil, b.p. 67-68’/0.3 mm., which when identical. 

TABLE 2 
N.m.r. chemical shifts (p.p.m. on T scale) and coupling constants (Hz) for l-t-butylpiperidine-4-spiro-4’- and 

-5’-( 2’-phenyl-2’-oxazolines) and -4’- and -5’-( 2’-phenyl-2’-thiazolines) a 

2’,6’-H 
1-97 
2.06 
2-11 
1.98 
2.07 
2.09 
2.11 

3’,5’-H 4’-H 
2.536 

2.59 
2.51 

2.53b 

2.556 
2.556 

2.58 

Five-membered rings 

Spiro Subst. on Oxa or 
posn. 2’-phenyl Thia 

4 0 
4 4-C1 0 

5 0 
5 4-C1 0 
4 S 
5 S 

c A 
\ 

4 3,5-C12 0 

But 
8-89 
8.89 
8-88 
8.88 
8.89 
8.87 
8.89 

Piperidine ring b 

7.02, 7.49, 8.13 
7.14, 7.49, 8.19 
7.11, 7.48, 8.19 

7.28, 8.08 
7.30, 8.10 
7.22, 8-02 
7.06, 8.00 

Five-membered 
ring CH, 

T-77 
5-83 
5.86 
5.83 

6.23 
6-24 

5.79 
6.78 

Phenyl ring 
7 

J 
8.4 
1.8 

8.7 

All measurements refer to  20% w/v solutions in CDCl, a t  60 MHz and 34” with Me,Si internal standard. b Centres of broad 
multiplets. 

set aside solidified to needles, m.p. 36.5-37-5” (Found : C, l-t-Butylpiperidine-4-spivo-5’- (2’-phenyl-2’-thiazoline) and 
75.2; H, 7-6; N, 8.3. Cl,H1,NO requires C ,  75.4; H, 7.5; -4’-(2’-phenyl-2’-thiazoline).-Sulphuric acid (6.5 g.) was 
N, 8.0% ; 2-p-chlorophenyl-5,5-dimethyl-2-oxuxoline (48%) added dropwise with stirring to benzonitrile (5.3 ml.) at 0’. 

TABLE 3 
Low-temperature n .m.r. measurements on chemical shift of oxazoline oi- thiazoline ring methylene groups of individual 

conformers (at 100 MHz) 
Ratio of high- to  low-field peaks 

Conc. Width Height x 
1-t-Butylpiperidine-4-spiro- Solvent w/v ”/o T a Chem. shifts b Area Height 4 ht. wdt. +ht .  AG”d 
-4’-(2’-phenyl-2‘-oxazoline) CDC1,-CC1, (4 1) 8.2 -72 424.4, 410.2 0.65 0.69 0.91 0.63 -0.17 

-&0*02 j O . 0 1  1 0 . 0 3  & O * O l  j0.01 
-5’-(2’-phenyl-2’-oxazoline) CDCl,-CFCl, ( .33 : 1) 5.6 -72 384.9, 377.0 2.72 2.64 0.98 2-57 +0.40 

f O * l O  h0.15 f0 -03  +O*lS f0.01 
-4’-( 2’-phenyl-2’-thiazoline) CDCl,-CCl, (4 1) 6.8 -73 sepn. 9.4 Hz  2.01 2.00 0.94 1.87 +0.28 

A0.07 &0*07 f O * O l  f0.06 -J=O-Ol 
-5’-(2’-phenyl-2’-thiazoline) CDC1,-CFCI, (2.3 : 1) 7.6 - 79 425.0, 413.0 (>4) (> 0.6) 

c Arithmetic means and standard deviations (see a Temperature of measurement (“C) .  b In  Hz from internal Me,Si standard. 
Experimental section of ref. 19). d kcal./mole, calculated from the peak area ratio. 

as an oil, b.p. 90”/0-3 mm., which when set aside The solution was stirred a t  0” for 30 min. and then a t  20” 
solidified to prisms, m.p. 38-5-39” (Found: C, 62.9; H, for a further 30 min. l-t-Butylpiperidine-4-spiro-(2’- 
5.7; N, 6.4. C,lH,,CINO requires C, 63-0; €3, 5.8;  X, thiiran) (1.0 g.) in benzonitrile (1.75 ml.) was then added 
6.7%). during 75 min. after which stirring was continued for a 
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Phys. Org. 
further 2 hr. a t  20". The reaction mixture was poured onto 
ice (200 g.), made strongly alkaline with sodium hydroxide, 
and extracted with ether (3 x 50 ml., 4 x 25 ml.). The 
ether solution was dried (MgSO,), the ether removed under 
reduced pressure, and the residual oil taken up in n-pentane : 
benzamide precipitated from the cool mixture and was 
filtered off. The pentane was removed to leave an oil 
which, after being warmed under reduced pressure (0.1 
mm.) to remove the residual benzonitrile, solidified. The 
crude product was chromatographed over alumina (B.D.H.) 
with benzene as eluant, and three fractions were collected. 
The resinous material from fraction 3 was discarded. The 
solid (0.3 g.) obtained from fraction 1 was recrystallised 
from n-pentane and then sublimed (l10°/0.2 mm.) to give 
l-t-butyl~iperidine-4-s~i~o-4'-(2'-~henyl-2'-thiuzoline) (0.19 
g., 12.5%) as prisms, m.p. 115-116" (Found: C, 70.8; H, 
8-4 ;  N, 9-9. C1,H2,N2S requires C, 70-8; H, 8.4; N, 

The yellow solid from fraction 2 was dissolved in n- 
pentane, treated with charcoal, filtered, and the solvent 
removed under reduced pressure to leave a colourless solid 
(0-4 g.) which was twice sublimed (65"/0.2 mm.) t o  give 
l-t-butylpiperidine-4-spiro-5'-( 2'-phenyl-2'-thiazoline) ad- 
mixed with cu. 25% of the 4'-analogue (0-06 g., 3.9%), m.p. 
74.5-76', as prisms (Found: C, 71.0; H, 8.1; N, 10.1). 

TABLE 4 
Dipole-moment measurements * at 25" in benzene 

9.7%). 

106w 10~(&12-&l) 106(v1-v,2) 
4,4-Dimethyl-2-phenyl- 

2-oxazoline 
7229 1291 
7349 6127 
8436 7051 1504 
8780 1569 
8925 7454 1593 

4,4-Dimethyl-2-( 3, 5-dichloro- 
phenyl)-2-oxazoline) 

2439 6993 846 
3219 9212 1133 
3261 9391 1145 
3672 10,541 1273 

11,612 9655 

m-Dichlorobenzene 
3085 5423 1133 
4922 8687 1812 
7673 13,550 2806 

l-t-Butylpiperidine-4-spiro-4'- 
(2'-phenyL2'-0xazoline) 

405 390 94 
506 442 118 
737 667 151 
789 746 182 

* w = Weight fraction of solute, E = dielectric constant, 
z, = specific volume. The suffixes 1 and 12 refer to solvent 
and solution respectively. 

Physical f~easuremeizts.--N.m.r. spectra were obtained a t  
room temperature (Tables 1 and 2) and a t  low temperatures 
(Table 3) under the conditions described in ref. 1. Dipole 
moments were measured and calculated as described else- 
where : the results are recorded in Tables 4 and 5. 

1313 

at  5.83-5.87 p.p.m., enabling a clear distinction to be 
drawn. These assignments are supported by the 
limited literature data available : in 2-methyl-2-oxa- 
zoline and its 4,4- and 5,5-dimethyl derivatives, a 4- 
methylene group occurs a t  0 .384-44  p.p.m. higher 
field than a 5-methylene group.% The spiro-compound 
(39) has the 5-methylene signal a t  5-83 p.p.m., in 
excellent agreement with our spiro compound (9) .I4 

(39) 

The chemical shifts of the 4- and 5-methylene groups 
in the 2-thiazolines are at 5.84 and 6.76 p.p.m., re- 
spectively, and the assignment of structures to the 
spirothiazolines is based on comparisons with these. 
Again the literature data 36 support this assignment : 
2-methyl-2-thiazoline and its 4,4- and 5,5-dimethyl 
derivatives show relative shifts for the methylene 
groups which are in line with the above. 

Chemical shifts of the methyl groups a t  the 4- and 
5-positions of 2-oxazoline rings of the model compounds 
(Table 1) show relative shifts of similar direction but 
smaller in magnitude to the methylene protons. Similar 
behaviour was earlier reported for 2,4,4- and 2,5,5- 
trimethy1-2-0xazoline.~~ Surprisingly, the chemical 
shifts of the 4- and 5-methyl groups in 2-thiazolines show 
a reversal; however, this is also as previously reported.36 

The proton chemical shifts and coupling constants for 
the aryl substituents are as expected. 

At low temperatures, the spectra of the spiro-com- 
pounds became considerably more complex : in par- 
ticular the sharp singlets for the 4- or 5-methylene 
groups of the oxazoline or thiazoline ring broadened and 
finally split into two singlets of unequal intensity. The 
other changes were far less clear-cut, and a detailed 
study was made only of the 4- and 5-methylene groups. 
Equilibrium constants for the conformational equilibria 
of type (la) + (lb) were calculated, both from peak 

TABLE 5 
Dipole moments in benzene 

Compound dc/dw -dv/dW P2a P E  P(D)  
4,4-Dimethyl-2-phenyl-2-oxazoline 0.83 f 0.01 0.179 f 0.003 77.74 52.55 1.11 f 0.01 
4,4-Dimethyl-2- (3,5-dichlorophenyl) -2-oxazoline 2.87 f 0.01 0.349 f 0.005 189.41 62.00 2.50 f 0.01 
nz-Dichlorobenzene 1.77 & 0.01 0-366 f 0.003 82.98 34.57 1-54 f 0.01 
1-t-Butylpiperidine-4-spiro-4'-(2'-phenyl-2'-oxazoline) 0-91 f 0.02 0.255 & 0.006 120.86 81.47 1.39 & 0.03 
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of l-t-butylpiperidine 39 (0.73 D in cyclohexane) and of 
4,4-dimethyl-2-phenyl-2-oxazoline. 

The direction of the moment of the 2-phenyloxazoline 
moiety was determined by vector triangulation (48) 
using as model compounds 4,4-dimethyl-2-phenyl-Z- 
oxazoline, 4,4-dimethyl-2-(3’,5‘-dichlorophenyl)-2-oxa- 
zoline, and m-dichlorobenzene. The meta-chloro-sub- 
stituents were chosen to minimise mesomeric interactions 

1.540 

AGO values of Table 3. In this way, clear-cut quanti- 
tative results were obtained for both the spiro-oxazolines 
and for the 4-spiro-4’-(2’-thiazoline). However, for the 
5’-thiazoline, sharp methylene resonances were not 
obtained at the lowest temperature employed; although 
it appears clear that the upfield peak is of considerably 
greater area, no quantitative conclusion could be drawn. 

The assignments of the low temperature methylene 
signals to the individual conformers has been discussed 
in detail in ref. 37; for the reasons therein stated we 
believe that the upfield signal in each case should be 
assigned to the equatorial methylene, the steric com- 
pression occurring for the axial methylene causing 
significant deshielding. 

Dipole Moments.-We originally intended to use 
dipole moment measurements (cj. ref. 1) to obtain 
independent estimates of the conformer populations, but 
uncertainties in the ring geometry lead to errors in these 
systems which are greater than we believe to be accept- 
able. We have, however, been able to use dipole 
moments to confirm the assignment of the n.m.r. 
signals which implies a preponderance of the N-equatorial 
conformer (40b) of l-t-butylpiperidine-4-spiro-4’-(2‘- 
phenyl-2’-oxazoline). 

The precise geometry of the oxazoline ring is unknown; 
for our calculations we have assumed a planar ring with 
angles as shown in (as), which were obtained by 
supposing that all the angles are reduced in the same pro- 
portion from the corresponding values found 38 in 
acyclic systems. We have further assumed (a) that 
the direction of the moment in the piperidine r ings  
is as shown in (47); (b)  that the bisector of the 

I 

t b) 

(40) (X-A-B = N=CPh-0) But 
(41) (X-A-B = O-CPh=N) 
(42) (X-A-B = O-CH,-0) 
(43) (X-A-B = O-CMe,-NH) 
(44) (X-A-B = S-CPh=N) 
(45) (X-A-B = N=CPh-S) 

C(3)-C(4)-C(5) angle of the piperidine ring also bisects 
the 4’-angle of the oxazoline ring; (c) that the C(Z’)-aryl 
bond bisects the NCO angle; (a) that the dipole moment 
of the spiro-compound is the vector sum of the moments 

Part XXXIII, R. A. Y. Jones, A. R. Katritzky, and P. G. 

Interatomic Distances,’ ed. L. E. Sutton, Chemical Society 
Lehyan, J .  Chem. SOC. (B) ,  following paper. 

Special publications No. 11 and No. 18. 
38 

,‘QC‘ + 

2- 

57DT 

b.11 D 

But 

(50) 

between the chlorine atoms and the oxazoline ring. The 
calculated direction for the moment of the 2-phenyl 
compound is thus shown to be at 39” to the C(2)-aryl 
bond. The calculations do not tell us on which side of 
this bond the dipole vector lies, although the contribu- 
tion of the canonical form (49b) would lead us to expect 
the moment to lie on the nitrogen side, as shown in (48) 
and (50). We have, however, calculated our results 
both on this assumption and on the alternative assump- 
tion that the moment lies on the oxygen side. 

We then calculate the moments of the two conformers, 
(40a) and (40b), as indicated in (50), and from them we 
can calculate the expected moment of the conformational 
mixture, from the relation : 

p2(40> = N(40a)~z(40a) + N(40b)pz(40b) 

39 Part XXI, R. A. Y. Jones, A. R. Katritzky, A. C. Richards, 
and R. J. Wyatt, J .  Chenz. SOC. (B) ,  1970, 122. 
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The n.m.r. assignment suggests that N,,), the mole 
fraction of conformer (40a), is 0.375 and that N,,,,) is 
0.625. If the assignment is reversed then so would these 
values. Therefore we can calculate four different values 
for P ( ~ ) ,  depending on the assumptions taken about the 
direction of the oxazoline vector and about the n.m.r. 
assignment. These values are recorded in Table 6. 

TABLE 6 
Calculated values of the dipole moment (D) of l-t-butyl- 

piperidine-4-spiro-4’- (Z’-phenyl-2’-oxazoline) 

assignment N-side 0-side 
Correct 1.41 1.07 
Incorrect 1.15 1.01 

Q See text. 

It can be seen that only one of these values (1.41 D) is 
close to the observed value of 1.39 D, and that this is the 
value calculated by supposing that the oxazoline vector 
lies to the nitrogen side and that the n.m.r. assignment 
described above is correct. 

ConfooP.mational Free Energies.-For the spiro-5- 
oxazoline (41), the conformational equilibrium favours 
(41a), with a free-energy difference between the con- 
formers of +0.40 kcal./mole. This is in line with the 
equilibria for the corresponding spiro-dioxolan (42a) + 
(42b) 1 and the spiro-5-oxazolidine (43a) + (43b) 37 

and gives additional support to our claim that the steric 
requirements of an oxygen atom are less than those of a 
methylene group where the probe is a hydrogen atom at 
a p-axial position of a six-membered ring. The -AGO 
value for (41) is, in fact, the largest of the three (41), 
(42), (43). This could be partly due to the particular 
geometry of the 5-membered ring in (41), but could also 
reflect a significant contribution from the canonical 
form (51) to the resonance hybrid of (41a). 

N.m.r. Dipole direction Q 

B u‘ 

The situation for the spiro-5-thiazoline (44) is quali- 
tatively similar. Unfortunately, at the lowest tem- 
perature attained before freezing of the solvent occurred, 
the spectrum of (44) was not sufficiently well defined to 
allow a quantitative estimate of the equilibrium constant 
to be calculated. However, from the appearance of the 
spectrum it was concluded that the conformer with S 

40 E. L. Eliel and B. P. Thill, Chern. and Ind., 1963, 88. 
F. R. Jensen, C. H. Bushweller, and B. H. Beck, J .  Amer. 

48 E. L. Eliel and M. H. Gianni, Tetrahedron Letters, 1962, 97. 
Chem. SOL. 1969, 91, 344. 

Z Z  

axial, (44a), was probably preferred to an even greater 
extent than the conformer with 0 axial, (41a), in the 
analogous spiro-oxazoline system. 

Previous work on sulphur-containing systems is con- 
flicting. The substituents -S-Me,40 -S-CD3,41 and 
-S-Ph42 in cyclohexyl systems have been reported to 
show a strong preference for the equatorial position 
(0.7, 1.07, and 0.8 kcal./mole respectively). The 
-0-Me 42 and -0-CD, 41 groups also favour the equatorial 
position, but to a somewhat smaller extent (0.6 and 
0.55 kcal./mole respectively). By comparison a sulphur 
atom appears to have slightly larger steric requirements 
than an oxygen atom. Similarly, a small preference for 
the isomer with the oxygen atom axial has been found 
in the spiro-thioxan series (52).4* In this case (52a) is 
preferred by 75-100 cal./mole. However in the spiro- 
thioxolan series (53), the reverse situation is found and 
the isomer with sulphur axial (53b), is favoured43,44 by 
ca. 0.2 kcal./mole. The so-called ‘ leverage effect ’ has 
been proposed43 to account for this reversal, i.e. the 
restricted geometry of the 5-membered ring may relieve 
the steric compression of the sulphur atom (with the 
syn-axial hydrogen atoms) to a greater extent than that 
of the oxygen atom. It is conceivable that such an 
effect could also operate in compound (44). 

The preference of conformation (40b) in the spiro-4- 
oxazoline (40) is surprising in view of the previous work 
mentioned above which suggests that an sp2 hybridised 
nitrogen atom has relatively small steric requirements. 
However the strong n.m.r. evidence is independently 
supported by the dipole-moment study. Although the 
free-energy difference between (40a) and (40b) is 
relatively small (-0.17 kcal./mole) we believe that it is 
significant. A possible explanation is that a significant 
contribution from the canonical form of type (49b) 
increases the effective size of the nitrogen atom and 
results in the preference for (40b). 

For the spiro-4-thiazoline (45), the conformer with 
nitrogen axial, (45a), is preferred (+0.28 kcal./mole). 
Although the structure of (45) is superficially similar to 
that of (40) two important differences should be noted: 
(a) the ‘ long ’ C(2)-S and C(5)-S bonds would alter the 
ring geometry considerably [cf. (40)]. The overall effect 
would be to force the C(5)methylene group closer to the 
probe in (45b), thereby increasing the steric repulsion 
and increasing the preference for (45a) ; (b) less-efficient 
overlap of the 2$--3p orbitals in (45) probably results in a 
smaller contribution from the canonical form equivalent 
to (49b) (cf. ref. 36). These two differences could 
significantly reduce the relative stability of (45b). 

Clearly, caution must be exercised in predicting con- 
formational preferences, particularly when electronic 
and geometric effects can operate. Additional work in 
this area is necessary. 

[9/2157 Received, December 17th, 1969) 

43 E. L. Eliel, E. W. Della, and M. RogiC, J .  Org. Chern., 

44 E. L. Eliel, L. A. Pilato, andV. G. Badding, J .  Amer. Chem. 
1965, 80, 855. 

SOC., 1962, 84, 2377. 
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