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AbQwC’HNMR spectra of l-alkyl-l,~,~tctrabydro-2o3-~~~~~ aud -car- 
bonitriles indicated that the gcminal protona at the I-a-pwirion were located in Doncquivalent 
magocticexlvixo~nta.ThediffercncciIlthechcmicalahifm~ toasmti8sO.73ppminthc 
DISC of methyl 141yb1,2,3,4-t&ra&h-2-oxo-3-~ xyhteat260,aDdthcfreeencrgyof 
activationforthc coahcenccwaa~tcdtobclargcrtkln23kcal/mol.The~typeof 
nolKqdval~ and coaksanap~nawercalsoobsemdevenwithdhnethylprotonsatthe1- 
~qm+tion of l-iaobutyl-1,2,3,4kw&ydn~2~xc~~~tc (ACi: = 19 kcal/mol). The 
~~hardly~bytbereductioaotthe~&ublebonds.Tben~~e~wasnot 
observed, however. if the subetituent at tbc 3-posith was absent Therefore. the novel ‘HNMR 
~qfl_8llryl~~intbcMLc~~wcrccondudodtobcductoa~ngmuplingbctw+en 

rc&xtcd rotatmn around N(lwa) bond and uwusion of the Z~Xoaz&nc lillgWhiChrCqUiRd 

high energy of achatkm. 

An x-ray cIihctb0 study of the cQ5tal stluctme 
of I-methyl-1,2,3,4-tetrahydro-2-3-d- 
carbonitrile (b) revealed that the molecule takes 
an extremely distorted boat conformation as shcnvn 
in Fig. 1 and Table 1.’ Several intmsting features 

. BH3 

Fi 1. Moleadars~ oflacrystal. 

Tabk 1. Tcaxion Ulgk6ObsrvsdWithnrsmbar 
dtheringinlr 

U(1) C(1) C(2) C(3) 101. 

C(1) C(Z) C(3) C(6) -112 

c(4) C(5) C(6) C(7) -49 

C(6) C(7) N(l) C(l) 51 

are not&d: (1) the essential single bond between 
C(5) and C(6) is fairly short (1.44&, while the 
dihedral angle concerning the bond is appreckbly 
large (49”); (2) the bond angles of the C atoms in 
this part also show large values (ca 130”). These 
data indicate the presence of extremely large ring 
strain, and 1,2,3,4-tctrahyd1~2-3-azocinc- 
carboxylic acid derivatives (1) are expechxl to show 
fairly complex conformational behavior as it has 
been observed with unsaturated azacycloo4ztane 
derivatives.b4 In fact, extra- splitting pat- 
temswereohservedwith’HNMRsignalsofthe 
alkyl group6 substituted at the 1-positiox~~ The 
NMR spectra. khxIing the temperature- 
dependence, were titigated in detail and the 
conformational characteristics are dkussed here. 

The NMR signals show rather simple patterns 
and the unambiguous assignment can be made by 
the aid of decoupling techniques. An example of 
the spectra is given in Fw 2, where it is clearly 
obacrved that the geminal protons of l-a- 
methylene group of lb are found in magnetically 
nonequivalent environments (J,. = 14.0, J, = 
7.OHz). In addition to 1-hcnnologues (lb, lc, Id, 
lean!dlf),tkpaltiallynduced&riva~(2and 
3)wercprepamdmflthcspech~iwere measuredat 
various temperatures. The chemical shifts of tbe 
alkyl group at the l-position, as well as those of 
metho~nyl group at the 3-position, are sum- 
marisal in Table 2. Surprkingly large diflerencc in 
theckmicalshift(Av)isobserved~thegeminal 
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Fig. 2. ‘HNhIRspcchumof lbat 160”. 

protons at the a-position of the alkyl group. As to 
lb, lc and 3, the Av-values are fairly large (80- 
9OHz) at low temperatures. The value becomes as 
large as 120 Hz in the case of le and 2. At elevated 
temperature (-200”). the Au-values are dimShed 
to 40 - 50 Hz, but no coalescence is observed (Fig. 
3). The same type of splitting are also observed 
with two Me groups at the 1-~-position iu Id, as 
well as with those of the l-y-position in la at 
ambient temperature. At low temperatmw the Av- 
values amount to 15 and 9Hz for Id and le. 
respectively, while coalescence of the signals is 

detected at high temperatures (140” for Id and 90" 
for 14. In the case of 4, on the other ha& the 
coakscence temperature (Tc) of 3-a-methylene 
protons is 10” (J = 14.0 Hz), and the Au-value is as 
small as 25 Hz at -70”. No splittingwas observed 
with the l-methyl peak of Ii even at -90”. 

Thus, proton signals of methylene group at l-a- 
position of lactam appears to be split into multip- 
lets when the geminal protons are located at none- 
quivalent pa&ions due to the stexic hindrance as- 
sociated with bulky aubstituents. Me groups at l-p- 
and l-y-positions are alao in the similar situation as 
found in the case of Id and la. The nonequivalence 
may partly come from restricted rotation about 
N(l)-C(a) bond. In addition, othex conforma- 
tional change must be also taken into cormi&ration 
inordertoe~~nfactthatthesignalatthe 
higher field (a-H) show much larger temperature- 
dependence thau the counter part at the lower field 
(a-H’) as summa&xl in Table 2. 

Table 2. ‘HNMR data of Ib, l.c., ld, la, lf, 2 and 3 at various tanpcmtunx 
(100 MHZ). 

C-P. Tamp. Chadcal shifta, W(6, ppo) 
8OlV. 

(RI (*C) a-H' a-8 Av a,a' e-a Y-H -3 

lb d 

5 
lc TB 

(-ai2cHJ) TB 

SD= 

u TE 

t-aCB3)*) TB 

b TE 

(-ca,cll mJ) ?) TE 

SD 
BD 

lf Ta 

(-a3) SD 

2 TB 

TB 

SD 

3 l¶ 

TB 

BD 

180 3.99 3.49 0.50 

26 3.04 3.09 0.75 

-80 3.91 3.12 0.85 

200 4.0 3.5 0.5 

26 3.84 3.01 0.11 

-79 3.14 2.91 0.03 

140 

40 

4.80 

4.0 

200 

90 

-30 

-90 

180 

-90 

180 

26 

-70 

180 

26 

-70 

3.13 3.28 0.45 

3.68 2.99 0.69 

3.19 2.76 1.03 

3.8 2.6 1.2 

3.040 

3.06m 

3.98 3.5 0.48 

3.86 2.99 0.81 

3.96 2.64 1.12 

3.80 3.37 0.43 

3.61 3.01 0.60 

.3.1 2.92 0.78 

1.12 

1.00 

1.11 

1.15 3.90 

1.00 3.60 

1.02 3.54 

1.17 3.70 

1.13 0.98 3.63 

2.05 0.85 3.81 

1.88 0.83 3.68 

1.80 0.84 0.75 3.60 

1.74 0.8 0.7 3.6 

3.71 

3.66 

1.12 3.91 

1.01 3.61 

1.04 3.56 

1.18 3.87 

1.03 3.62 

1.11 3.59 
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Fig. 3. Tcmpcraturc&pendencea of peak separetions, v_, between l-a-methylene protons in l- 
~1)~yl-2_oxo.3-r x-x, Ib, O- -Q4 O- Cl, 2; A- - .A, 3. Measured with ’ the 

methanol-d, or c.& - CD& (3: 1) solution, orb the l&t-~n7.ene aoluthl. 

Asanaidforelucidatingthecausefortbenoll- 
equivalent environmeats 8urrounding the gemhml 
protomx, the diIIerenci? in chanical shifts for l-a- 
methyleae protons in lb was esthnated. The Con- 
formationoflbwasaI?sumedtobetlR~asthat 
foundinthecq?3talstrWhKe of la, and the ahield- 
ing effects of the following factors were evaluated 
at the positions of l-methyl protons in la as given 
inI%& 1. 

(1) Magnetic an&opy ej)ixfs. Point-dipole ap- 
proximations were applied under the assumption 
of the following anisotropy for each bond. Axcc,w 
= AxN~-~ = 16.6, Axccswn = -10, AXW+NW 
= S.Sintheunitsof ldocm3~u6(h&WdA). 

As an alternative, Jackman’s graph6 was used to 
evahmte the magnetic anisotropy e&d of N(l)- 
C(l)-Q group, where the suscqtii for N(S 
c(1)wasassumedtobeequaltothatforcogroup. 
(Method B). 

(2) Direa clcctrostcrtic &CL’ The dipole mo- 
ment of the amide group, IW==C0W5, Was 
assmnedtobe3.6D: 

The long-range shielding effects as calculated by 
MethodAaresummar&dinTable3.Itisclearly 
indicated that the proton closest to the CO group 
(Hz) is highly deshielded, and the estimated differ- 
ence in the chemical shifts is approximately 
0.4ppm. Method B gives almost the same results: 

Table 3. Calculated shielding effecta due to magnetic 
EulMmpyofvar&uabondsiIlIt 

Shielding, & ( pp~ ) 
Bond 
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C(l)-0 -0.13 -0.34 -0.10 

H(l)-C(l) -0.25 -0.42 -0.13 

C(6)-C(7) +0.004 -0.05 -0.07 

C(7)-U(l) +0.09 +0.09 -0.004 

Total -0.29 -0.72 -0.30 

-0.4 0%). -1.1 (I-&) and -0.2ppm @Is). The 
predicated di&rence in the chemical sh%ts is some- 
whatlargerthanthatobta&dbyMethcdA.The 
electrostatic effects, as calculated by Buckingham’s 
equationp for the three protons were nearly equal 
to each other: -0.58 (H& -0.54 @I,,) and 
-0.55 ppm (H& 

On the basis of the above cakmlation, the low- 
field signal (de6ned as a-H’ in Table 2) is 
suggestedtobeduetotheprotonatthepositkmof 
Hz in Fii 1. Hence, the magnetic anisotropy of the 
amidegroupisamsideredtobethemainfactorin 
deciding the chemical shifts observed with the gem- 
inal protons. It is clear, however, some other fac- 
tors should also be induded to account for the 
unexpectedly large Au-value (1.2ppm) as obtained 
with 2. 

The activation parameters for coalescence of 
‘HNMR signals under d&&on a&d another 
important information. The AGZ-values were cal- 
culated by the use of T, Au, J and Eyring’s equa- 
tion.” The data, as summa&& in Table 4, indicate 
thattherateprocu5sis afiwziated with extremely 

high banicr of activation. Highly resm rotation 
involving tern carbonhasbeenreportsd 

~~>:.I*~* 2 ;f~~~&9.$$ 

however, aG:-value is as low as 14 kcal/mol. Sin& 
the steric environmnt around 1-alkyl protons in 
the title compounds is not so-much crowded in 
compar&n with those of 9-alkyl protons in the 
txiptyc&e homologues. it is really suqising that 
the AGZ-values for lb, lc, 2 and 3 exazd 
22 kcal/mol. 

As far as Av-value is concerned, the ganinal 
protonsofbenzylgroupinSarefoundinahnoat 
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Methyl 1-~1-1~,3.4-~y~-2~-~~~- 
ccarboxyzate (la). The irradiated soln aJotaining 7 ami 
methyiaaylatcwastrcatcdintbesamemanncrastbc 
abovctoobtain1e(oiI,4%ykld)fromtheinitialfra&n 
of tbc chromatography. IR (fk): 1740, 1651cm-‘; 
NMR (CDCQ: 85.9-5.7 (m, 4.5.6, 7, 8-H). 4.4O(dd, 1. 
3-H). 2.86 (br.4 2,4-H), 3.70 (s, 3, txx& 3.84 (dd. 1. 
u-H9. 2.98 (dd. 1. a-Ii). 1.80 (m, 1. 6-H). 0.88 (d, 3. 
V-H?. 0.84 (a. 3, r-H) ppm. J,. = lb; J-8 L 7 Hz; &lS; 
m/c 237 (M’. 100%). (Found: C. 66.13: H. 8.00: N. 
6.06. Cali f&r C,&I,$JO+ C, ~66.10;~N.~ 7.63; ti; 
5.93%). 

Methyl l-ethyl-l.2,3,4,5.6-hexahydro-2-oxo-3-azocine- 
wboxylate (2) and methyl 1-ethyl-perhydm-2-0x0-3- 
a~ochxhxylate (3). H was introduced to a stir- 
red suspenskm of la (0.77 mmol) aml PtO, (25 mg) in 
Sml of McOH at room temp. After nxog&hg the 
~oflcbygcandrcmovaloftbccatalyais 
and the sokot stepwise. the r&due was clnwlatog- 
raphedonsilicagdtogive2(oil,43%yield)astheiniticll 
fracth (diethyl ether) ami 3 (m.p 120-124”. 36% yield) 
as the scuxld flack0 (die&y1 ether-acetone). 

Compound 2; IR (5lm): 1748. MO-1635 cm-‘; NMR 
(CDCQ: 85.91 (d. 1.8-H). 5.48 (e 1,7-H), 3.75 (4 1, 
3-H), 2.1-1.4 (m, 6, 4, 5. 6-H), 3.64 (a, 3, OCHs), 3.89 
(m, 1, a -H’), 3.12 (sex., 1, a-H). 1.13 (s. 8-H) ppm. 
J,,=4and8.Jh,- .=14 J =7l+Ms: 
m/e 211 (I@. 3,,.“&~~~.~2.33: h3.05: N.k.70. 
Calc. for C,,H,,N& C, 62.54; H, 8.il;-N. 6.&3%). 

Ckmmound 3: IR IICBrk 1743. 16371x11-k NMR 
(CD&): 83.35 im, 2. ‘k&j, 3.75 ii 1, 3-H). 2.6 (m, 2, 
4-$$ 1.7-1.5 (br. 6, 5, 6, 7-H). 3.67 (s, 3. 0CI.Q. 3.70 

, a-IT), 3.11 (sex.. 1, a-I-I), 1.14 (t, 3.8-I-I) ppm. 
J,=7. J_,= 14, Jti =7Hz; MS: m/e 213 (M+. 13%). 
(Foumk C, 61.78; H. 8.71; N. 6.69. Cak. for 
C,,H,,,NO,:C, 61.95; H, 8.98; N, 6.57%). 

l-Erhyl-l,2&htmhydroazocin-2~ (6) and l- 
erhyl-1~,3,4-Mahydro-2-au,-3-~~lic acid 
(lO).ThssolnotIb(l.l~ol)In3mlEtoHwasmixed 
wth2O%NaOHaq(lml).Afterrefhningfor2hrtbesoln 
wasccnxentratedatrcdu&pre6amuatxIa&i8edwith 
6NHCI.‘lkpptwascollectcd,wasbedwithwaterand 
drkd to gix acid, 10 (nzp 168-17@, 75% yield). 10 
(O.Smmol)~eealedin~tubeand~~for2~at 
170”. The reskhx was chromatograpkd 00 silica gel 
(diethyl ether) to give 6 (oil 53% y&l). 

compound 6; IR (film): 166U-l63Oan-‘; NMR 
(CDClsk 85.95-5.75 (lx. 4. 5, 6. 7. 8-H), 3.54 (q. 2, 
a-H). 2.64 (br. 4.3. &Ii). 1.08 (t 3.6-H) upm, J,,-6 
and 12 (by Eu(dpm)3, J =7 i&; ti: & 151-M+. 
8%). @oumk C. 71.13:x. 8.65: N. 9.01. Calc for 

compouad 10; IR (KBr): 284lo-m. 1747, 1640- 
161Ocm-‘; NMR (C,&NO& 810.1 (br, 1, COOH), 
5.9-5.8 (br, 4,5,6,7.8-H), 4.35 (dd. 1.3-H). 2.90 (m, 2. 
4-H), 3.99 (sex.. 1. a-m, 3.23 (sex. 1, u-H). 1.07 (5 3. 
0-H) ppm, Ju-6 aad 10, J-.-14, J,-7% MS: 
m/e 195 (M+, 30%). (Found: C, 61.32; H, 6.69; N, 7.10. 
Calc. for C,$&,NO~: C, 61.53; H, 6.71; N. 7.17%). 
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