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secondary equilibrium effect is still thought to closely ap
proximate an upper limit on the value of the secondary kinetic 
effect even in the presence of special transition-state effects.23 

However, this conclusion is based primarily on cases (SN2 
reactions) in which the reaction coordinate motion is domi
nated by heavy atoms (carbon and halogen). It seems rea
sonable to question whether the situation might be different 
when the masses of the isotopic and leaving atoms are com
parable and ask whether it is possible that the bending motion 
of the a-H of NADH is part of the reaction coordinate motion. 
Perhaps the observed a effect is in some sense a primary 
one. 

Such a suggestion appears more plausible when we consider 
earlier proposals24'25 that hydride ion transfer reactions are 
likely to have "nonlinear" or triangular transition states. Such 
an activated-complex geometry would be particularly likely 
in the present case (Figure 1) because it would allow a favor
able electrostatic interaction between the developing positive 
charge in the dihydropyridine ring and the developing negative 
charge in the nitrobenzene ring. The reaction coordinate would 
then correspond to a wagging of the CH2(D) at the 4 position 
of the dihydropyridine ring so that the a-H(D) moves into the 
plane as the hydride ion is transferred to the nitrobenzene 
ring. 
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1. Molecular Formula 

The highest peak observed in the mass spectrum of CP-
47,444 is at nt/e 515.2493 corresponding within 2.6 ppm to the 
molecular formula C28H37NO8. This agrees reasonably with 
chemical analysis, which yields 64.3% carbon (~65.2%), 7.6% 
hydrogen (~7.2%), and 2.6% nitrogen (~2.7%). The '3C 
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Table I. 13C NMR Summary 

line 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Sc" 
172.4 
160.4 
134.1 
132.5 
131.1 
127.8 
123.5 
121.9 
115.3 
110.0 
88.9 
83.1 
81.0 
78.8 
75.7 
73.6 
66.1 
57.4 
49.0 
42.8 
38.9 
34.6 
34.3 
32.6 
20.5 
16.8 
15.4 
12.8 

no. of H's 

0 
0 
0 

0 

0 

2 
1 
3 
3 
3 
3 

fine structure 
'./CH 

160 
156 
165 
186 

174 
173 

148 
156 
149 
144 
150 
144 
142 
139 
126 
139 
127 
131 
126 
125 
128 
122 
123 

1 H N M R 

He 
He 
Hd 
Ha 

Hb 
Hc 

IHb 
Ilia 
iif 
IHb 
Hf 
Ilia 
IHc 
IVa 
IVb 
IVa 
IVb 

IHd 
IVf 
IVd 
IVf 
IVg 

hyperfine 
hfs (J) 

mu 
SU 

mo 
mu 
mo 
SU 

- t ( 8 ) 
- q ( 7 . 3 ) 
—dd (6.7, 4 
-^dd (6, 4) 
mu 
mu 
SU 

mo 
SU 

d (3.0) 

d(8.6) 

5) 

structure* 
1 H M M R 

Hf, IVe, IIIbt 
Hf 
IVd 

IVg 

IHb 

He 

D2OAS 

-0 .13 

-0 .10 

-0 .05 
-0 .05 

assi 
unit 

E 
A6 
Bl 

D2 
A2 
A5 
A4 
A3 

D6 
Cl 

C4 

B5 
F 

D5 
B3 

Bl ' 

C3 ' 

gnmentc 

str 

13 

18 
(9) 

(17) 
8 

1 
12 
6 

15 
3 
5 

15' 
12' 
(7) 

(10) 
(2) 
(4) 
11 
16 

(15") 
18' 

(16') 
4' 

Table II. Structure Units and Fragments 
KEY: 

X 0 - (D) 

(F) 

" Measured from the solvent in 0.4 M CDCl3 solution at 25.2 MHz and corrected to Me4Si by a solvent shift of 76.90 ppm. * s = singlet, 
d = doublet, t = triplet, q = quartet, etc.; m = multiplet, u = unresolved, o = obscured by overlap, and -* implies the result of D2O exchange. 
Compound notation, line splittings in hertz, and coupled band codes are in order of decreasing magnitude from left to right. c Parentheses, 
enclose immaterial assignments not following immediately from data in the table. Unit assignments refer to Table II and the structure code 
is given in Section 5. 

structure derived from the molecular formula C28H37NO8, 
which has a double-bond equivalent of 11. 

2. Structure Units 

The reduction of the atom set to structure units consists of 
linking all atoms connected to only one other atom in the 
structure to their respective framework atoms, and subdividing 
the resulting set according to framework bond multiplicity. In 
the present instance, this is a straightforward exercise once the 
single nitrogen unit is assigned. Its presence as an - N H - unit 
was quickly apparent from the slow isotopic exchange rate, 
corresponding to a half-life of the order of days, of one of the 
three protons on heteroatoms. Two hydroxyl units follow im
mediately from the presence of two additional, rapidly ex
changeable protons. 

Carbon-13 chemical shifts above 160 ppm can now be 
considered characteristic of carbonyl units; those in the range 
110-135 ppm can be assigned to olefinic carbons, and those 
below 90 ppm assigned to saturated carbons.5 Fine-structure 
multiplicities of the carbon-13 bands (column 3, Table I) then 
serve to complete the specification of all carbon units in Table 
II. The four remaining ether oxygen units are inferred by dif
ference between the molecular formula and assigned oxygen 
(hydroxyl and carbonyl units). A structure derived from the 
resulting unit set listed in column 1 of Table II must contain 
five rings. 

3. Fragments 

The primary fragment set is constructed by linking se
quences of structure units principally on the basis of reciprocal 
hyperfine splittings between 1H NMR bands, since the spin 
couplings responsible have, as a fairly general rule, magnitudes 
in excess of ~ 2 Hz over a maximum of three (single) bonds.6 

To extract this information requires an extensive, if not com-

unit 

-OH 
- C H 3 

>c=o 
- C H 2 -
- N H -
- O -
> C H -
> C -
- C H = 
> C = 

total 

no. 

2 
5 
2 
1 
1 
4 

11 
1 
6 
2 

35 

A 

1 

1 
1 

3 
1 

7 

B 

1 
3 

3 

1 
1 

9 

fragments 
C 

1 
1 

5 

7 

D E 

1 
1 

1 
3 

2 

6 2 

F 

1 

1 

2 

residual 
units 

1 

1 

2 

NMR spectrum shows 28 resolved lines of nominally equal 
intensity, and its multiplet fine structure3 shows a total of 34 
protons attached to carbon, distributed as indicated in column 
3 of Table I. The 1H NMR spectrum shows a total of 37 hy
drogens, three of which undergo isotopic exchange-with D2O.4 

Since the fine structure in the 13C spectrum is not altered by 
D2O exchange, the three exchangeable protons must be at
tached to heteroatoms. All initial evidence thus implies a 
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Figure 1. 270-MHz 1H NMR spectrum of CP-47,444 in 0.1 M CDCl3 solution. Band designations refer to Table III. Band I at 9.6 ppm is not dis
played. 

Table HI. 1H NMR Summary" 

band 

I 
Ha 
lib 
Hc 
Hd 
He, 
He2 

Hf, 
Hf2 

HIa, 
HIa2 

IHb, 
IHb2 

IHc 
IHd 
IVa, 
IVa2 

IVa3 

IVb, 
IVb2 

IVc 
IVd 
IVe 
IVf, 
IVf2 

IVg 

5 

9.6 
7.03 
6.93 
6.33 
5.91 
5.62 
5.6 
5.20 
5TI8 

4.28 
4.17 
3.75 
3.72 
3.37 
3.22 
2.59 
2.57 
2.58 
2.4 
2.4 

(2.0) 
1.84 
1.47 
1.38 
1.31 
1.02 

no. of H's 

2 
3 
1 
3 
3 
3 

band structure* 

mu 
td (2.7, 1.5) 
ddd(3.7, 2.4, 1.5) 
dt (3.6, 2.6) 
ddd(9.2, 7.0, 1.4) 
dd (9, 2.7) 
dq (7.3, 0.6) 
t (7 ) 
t (4.6) 
d (4.9) 
~qn (6.5) 
dd (11.7, 3.7) 
—dd (10.8, 2.5) 
s 
~sx (7) 
ddd (15.1, 11.7,3.7) 
d (7) 
du(2) 
mu 
dqd(10.8, 6.8, 5.0) 
S 

SU 

dt (15.1, 3.4) 
d (6.0) 
d(6.8) 
d (6.8) 

D2CK 

e(s) 
J(s) 
J(S) 
J(S) 

sh 

sh 

e 

coupled bands 

Ha, Hc, Hb 
I, I k , lib 
Hc, I, Ha 
lib, I, Ha 
He,, IVa2, IVb, 
Hd, IVb, 
IUd, IVd 
IHa2, HId 
IHa,, IVb2 

Hf2 

Hf1, IVf1 

IVa,, IVe 
IVb2, IVa3 

He2, Hf11IVf2 

IVcIIIb 1 1 IVbI 
Hd 
IHb2 

IVa1 1IVe1IIe1 1IId 
HIb2, IVg1 Hf2 

He2 

IVa1 1IVb1 1IIIb, 
IHa2 

HId 
IVb2 

assignment 
unit 

Al 
A2 
A4 
A3 
D2 
D3 
B2 
B4 
C2 
Cl 
B5 
D6 
C4 
F 
B3 
D5a 

Dl 
C5 
D4 
C3 

(OH) 
Bl ' 
D5b 
B5' 
B3' 
C3 ' 

str 

8 
9 

17 
15 
5 
6 

15' 
12 
3 

12' 
16 
11 
7 
2 

10 
4 

18' 
11 
15" 
16' 
4' 

" Measured at 270 MHz in ~0.1 M CDCl3 solution. * All abbreviations are the same as those in Table I. 
sh = sharpens, and J implies a change in multiplet structure only. 

e = exchangeable, (s) = slow, 

plete, analysis of the ' H spectrum which is shown in Figure 1 
and described in Table III. The process, aided by isotopic ex
change and homonuclear spin decoupling experiments, is 

routine in principle and the results of greatest bearing are 
contained in columns 4-6 of Table IH. The construction 
and/or assignments of fragments are usually extended by three 
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2.4 

6 (ppm) 

Figure 2. 1H NMR spectrum expansions of bands IVa and IVb from Figure 1 in CDCI3 and C6D6 solutic 

additional sources of information. Resonances of carbon and 
directly bonded protons can be correlated by interpolation of 
residual splittings in a series of variable offset, coherent het-
eronuclear spin decoupling experiments,7 whose results are 
summarized in column 5 of Table I. Since these experiments 
are accurate only to ~0.1 ppm, individual protons within a 
single band could not be separately assigned. Directly bonded 
coupling constants (column 4, Table I), whose relative values 
are also available from offset decoupling experiments, were 
obtained in most cases here directly from the coupled 13C 
spectrum. The third source of added information is the geminal 
isotope shift usually observed8 on replacement of an ex
changeable proton by deuterium (column 8, Table I). 

The fragments derived from the various experiments above 
are depicted in Table II, and the NMR assignments within 
these fragments are listed in the next to last columns on the 
right of Tables I and III. 

Fragment A. Fragment A in Table II was rather quickly 
recognized following the observation that slow isotopic ex
change of 1H NMR I9 reduces the hyperfine structure in three 
vinyl proton bands. Analysis of the reciprocal hyperfine 
structure in these bands (1H NMR Ha-IIc) before and after 
D2O exchange yields coupling constants characteristic of an 
a-substituted pyrrole ring, which also serves to explain the slow 
exchange rate of the -NH- proton. The base peak in the mass 
spectrum at m/e 94 corresponds under accurate mass mea
surement to the elemental composition CsFUNO+, suggesting 
that the substituent on the ring is a carbonyl unit, and an ad
ditional ester oxygen is required to account for the chemical 
shift of either observed carbonyl carbon. Fragment A is con
firmed by the close correspondence of its NMR spectra to that 
of the model structure, 2,-carbomethoxypyrrole. 

With the nitrogen atom thus eliminated from further con
sideration, one can make a detailed accounting of the oxygen 
substituents. Four of the eight oxygens in the structure must 
be in carboxyl groups, one of which is in fragment A, and there 
are two hydroxyl groups. While both hydroxyl protons ex
change readily with D2O, their mutual exchange is not fast 

enough to average out all vestiges of spin coupling to neigh
boring protons. As a consequence, one observes immediate 
sharpening, as opposed to the slow changes resulting from NH 
exchange, in the multiplet patterns of two other proton bands, 
1H NMR IHa2 and 1H NMR IHb2, on addition of D2O. As 
an accompanying effect, isotope shifts of —0.1 ppm are ob
served in two carbon-13 lines, 13CNMR 15 and 13C NMR 17, 
both of which have one directly attached proton. These ob
servations serve to establish that both hydroxyl units are sec
ondary alcohol functions, and remove all ambiguity in corre
lating individual protons in bands Ilia and IHb with carbon-13 
resonances. 

By elimination, there must also be the two ether units in the 
molecule and hence a total of eight carbon-oxygen single bonds 
to units other than carbonyl groups. Eight carbon-13 lines 
occur in the range 55-90 ppm indicative of oxygen substitution 
on saturated carbon, and seven of these contain attached 
protons. A corresponding number of proton resonances fall in 
the region 3.0-5.5 ppm which is also indicative of oxygen 
substitution. One can hence conclude that 13C NMR 11 — 18 
and 1H NMR Hf-IIId are in units singly bonded to one oxygen 
atom. 

Fragment B. The methine units adjacent to methyl doublets 
1H NMR IVfi and IVf2 are identified by decoupling experi
ments as 1H NMR HIa2, which has an adjacent hydroxyl unit, 
and 1H NMR HId. Both of these protons are coupled by ~7 
Hz to 1H NMR Hf], a methine unit with triplet hyperfine 
structure and one attached oxygen atom. 1H NMR IHd is also 
coupled (~8 Hz) to a vinyl proton, 1H NMR He2, whose hy
perfine pattern is a reciprocal doublet of quartets (0.6 Hz); the 
vinyl carbon attached to that containing 1H NMR He2 
therefore contains no proton. Irradiation of methyl singlet 
(unresolved) 1H NMR IVd reduces 1H NMR He2 to a sharp 
doublet, implying an allylic methyl group and completing the 
specification and proton assignments in fragment B. The 
carbon-13 assignments at B2 and B4 each involve twofold 
ambiguities as the result of nonsingularity in the shifts of their 
attached protons within the uncertainty of the off-resonance 
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decoupling measurements. 
Fragments C and D. Both of these fragments contain over

lapping proton resonances in bands IVa (three protons) and 
IVb (two protons). Successive offset decoupling of the car
bon-13 spectrum shows two methine protons in each band, and 
by elimination of alternatives one can infer that the remaining 
proton in band IVa must, together with 1H NMR IVe, con
stitute the single methylene unit. While the protons in band 
IV were originally (and with great difficulty) assigned to 
fragments in spite of their overlapping resonances, it was 
subsequently found that the problem is much simpler in ben
zene-^ solution where most of the overlap is removed (Figure 
2). The construction of fragments C and D then follows 
straightforwardly from spin coupling information, specified 
in most cases by decoupling experiments, contained in columns 
4 and 6 of Table III. Unique carbon-13 assignments could be 
made at positions Cl, C4, D2, D5, and D6 based on off-reso
nance decoupling experiments augmented by geminal isotope 
shifts, while assignments at C2 and D3 each involve previously 
mentioned ambiguities with lines from fragment B. Individual 
assignment of the four methine carbons whose attached protons 
occur in band IV are immaterial to the structure proof, and 
were made after its completion. 

Fragments E and F. 13C NMR 18 and 1H NMR IHc to
gether constitute an apparent methoxyl group, and one addi
tional carboxyl group has already been inferred. Fragments 
E and F are thus established as separate entities once it is 
shown that they do not share the same singly bonded oxygen 
atom. This is apparent from the directly bonded coupling 
constant, 1JcH — 142 Hz, in the methoxyl unit which is below 
the characteristic value of ~ 148 Hz for methyl esters, and an 
observed hyperfine splitting of 3 Hz in 13C NMR 18 which 
requires that the methoxyl carbon be attached to a unit con
taining one proton. 

4. Assembly of Structure 
The assembly stage in a structure proof is procedurally 

marked by a shift in strategy from the building of fragments 
to dealing with alternative structures, and is hence dictated 
largely by convenience. The primary fragments built up 
principally from VH,H s P m coupling data are limited by its 
availability, and gaps occur either when units are encountered 
which contain no attached protons or when the protons on 
adjacent units are located at unfavorable dihedral angles.6 This 
unit set may or may not provide a reasonable point of depar
ture, and in the latter instance one might elect to build the 
fragment set into still larger segments by observing, again with 
the aid of selective (7H2 /2IT of the order of the multiplet 
widths) decoupling experiments, hyperfine splittings of car
bon-13 by remote protons since these couplings also occur as 
a general rule over two or three bonds. Since the experiments 
take much longer to perform, their planning is more selec
tive. 

In the present instance, a complete accounting of the proton 
spectrum has reduced the number of fragments to eight, con
sisting (Table II) of A through F and two residual units, one 
of which is a quaternary carbon and the other an ether oxygen. 
Eleven bonds remain to be closed, five between carbon and 
oxygen and six between carbon atoms. The five carbon-oxygen 
bonds occur between the units specified in Table IV. Two of 
the oxygen atoms are on ester units, which the low-field shifts 
of the two protons in band Hf would suggest were bonded to 
B4 and C2. Selective decoupling of' H N MR Hf confirms this 
inference by visibly narrowing both carbonyl bands, but leaves 
an ambiguity concerning which ester unit is attached to which 
site. Were fragment A attached to B4, however, the result 
would be a long terminal segment (side chain) which would 
severely restrict the options for forming the necessary four 
additional rings; also, the uniformity of methine carbon-13 

Table IV. Units Comprising Unknown C-O Bonds 

oxygen unit carbon unit (assignments) 

A ^ 
E— 
F ^ 

-0— 

B4 (13C NMR 14/16,1H NMR Hf,) 
C2 (13C NMR 16/14, 1H NMR Hf2) 
Cl (13CNMR 13, 'H NMRIIIaO 
D6 (13C NMR 12, 1H NMR IHb,) 

—C— ('3CNMR 11) 

relaxation times throughout the molecule suggest a structure 
without long side chains. It was accordingly assumed, and later 
verified by hydrolysis studies described in the next section, that 
A is attached to C2 and E to B4. 

The remaining three pairings in Table IV are established 
if the location of the methoxyl group is specified. The doublet 
hyperfine splitting of the methoxyl carbon resonance requires 
its attachment to either Cl or D6, which each contain a ter
minal proton, and the choice is made by selective irradiation 
of 1H NMR IIIbi = D6 to collapse the hyperfine splitting in 
'3C NMR 18 = Fl, proving that the methoxyl group is at
tached to D6.'° The ether oxygen must consequently connect 
the quaternary carbon atom to Cl. With all of the carbon-
oxygen bonds thus specified, the assemblages consist of AC, 
BE, and DF (shown below). Among a number of experiments 
tried, the only other clearcut heteronuclear decoupling result 

CH3 

HO O, 

CH3 

IH 

H 3 C - / y ~ 

H 3 C - / 

OH 

was an ~50% narrowing of the lactone carbonyl, 13C NMR 
1, on segment BE upon irradiation of one of the methylene 
protons, 1H NMR IVe = D5. A less pronounced, but still ap
parent narrowing of 13C NMR 1 is also obtained on irradiation 
of 1H NMR IVa, which contains the other methylene proton. 
The lactone carbonyl on BE is therefore attached to either D4 
or D6. Irradiation of 1H NMR IHb, which contains the proton 
on D6, does not visibly narrow 13C NMR 1 but gives an ~33% 
intensity enhancement (nuclear Overhauser effect"), while 
no change in either band structure or intensity results from 
irradiation of 1H NMR IVb, which contains the proton on D4. 
It therefore appears that the carbonyl unit on BE is connected 
to D6, giving the assemblage BDEF. 

SC(CH3)-

H 3 C 0 " J ^ N ^ 

(BDEF) 

Independent evidence for attachment of the lactone unit to 
D6 is found in the mass fragmentation pattern of CP-47,444, 
where a primary C3H5O3 loss occurs. Were the attachment 
to D4, no contiguous sequence of three carbon and oxygen 
atoms can be constructed except for that attaching the pyrrole 
ring, which is not concurrently lost. Attachment at D6 provides 
such a sequence, and leads to a structure in which the frag
mentation can be plausibly rationalized (section 5). 

Topographic Structures. A structure now results from the 
closure of five bonds involving six different sites on the two 
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Table V. Topographic Structures and Exclusions Table VI. Derivitization Shifts in CP 47444" 

bonds to 
quaternary 

carbon 
subsequent 

bonds 
basis for 

exclusion" 

,C1,C5 
,Cl1Dl 
,C5, D4 
Dl, D4 

C1,C5,D4 
C1,D1,D4 

Bl 
Bl 
Bl, 
Bl 

Bl, C5, Dl 

C1,C5,D1 

C5, Dl, D4 

D1-C5, D4 
C5-D1.D4 
D1-C5, Cl 
C5-D1.C1 
D1-C5, Bl 
C5-D1,B1 

-D1.C1-D4 
{-C1,D1-D4 
-D4, Dl-Cl 
-D1,B1-D4 
-B1,D1-D4 
-D4, Bl-Dl 
-Dl, Bl-Cl 

C5J-B1, Dl-Cl 
)1 , 

C5 

a, c 
a 

d 
a 
a, d 
b 
c 

C5 

/-Dl, Bl-Cl 
Sj-Bl, Dl-Cl 
I-Cl, Bl-Dl 

" (a) Epoxide ring, (b) cyclopropane ring, (c) cyclobutene ring, (d) 
cyclopentene ring. 

segments BDEF and A C . The quaternary carbon in A C oc
curs in three pairings, positions C5 and Dl each occur in two, 
and the remaining positions Bl, C l , and D4 all occur once. 
Each pairing must connect different sites, and be unique. These 
restrictions permit 15 possible constructions, which are listed 
in Table V. 

Exclusions. Structures containing either of two character
istics can be eliminated on the basis of NMR parameter ranges. 
These consist of three-membered rings, based on the observed 
magnitudes of ]JCH ~ 160 Hz,12 and incorporation of 
-CH=CH-un i t s into rings of less than six members, based on 
the fact that all observed V H , H couplings between vinyl protons 
are in excess of 9 Hz.6 The exclusion of epoxide rings eliminates 
seven structures in which the quaternary carbon is attached 
to C l , and the absence of cyclopropane rings excludes two 
additional structures (plus one already excluded) in which C5 
is bonded to Dl and both are attached to the quaternary car
bon. Structures involving D1-D4 closure, of which there are 
three (one new exclusion), place D2 and D3 in a cyclobutene 
ring (VH,H = 2-4 Hz), and bonding Dl and D4 to the qua
ternary carbon place D2 and D3 in a cyclopentene ring ( V H , H 
= 5-7 Hz), eliminating five structures among which two do 
not correspond to prior exclusions. In total, one thus excludes 
13 of the 15 possible constructions and reduces the structure 
set to either Ia or Ib. 

(Ia) (Ib) 

While structure Ib cannot be categorically excluded, the 
detailed evidence clearly points to Ia as the correct structure. 
For example, the four methine carbons whose attached protons 
fall in band IV can be individually assigned if the off-resonance 
decoupling correlations with 1H NMR IVa or IVb are aug
mented by the observation of (vicinal) isotope shifts of -0 .05 
ppm at 13C NMR 21 and 13C NMR 22 which, among the 
choices available, imply their assignments to units C5 and C3, 
respectively. The directly bonded coupling constants fall into 
two sets with V C H = 139 Hz thus for C5 and Dl being 10% 

A = 5 - d(J) 
position 

12 
12" 
11a 
l i b 
10 
9 
8 
7 
6 
5 
4 
4 ' 
3 
2 

18' 
17 
16 
16' 
15 
15' 
15" 

« H ( / ) 

3.75 
3.37 
2.59 
1.47 
2.4 
5.62 
5.91 
2.57 
4.28 
5.18 
2.4 
1.02 
3.72 
2.58 
1.84 
5.6 
3.22 
1.31 
5.20 
4.17 
1.38 

II 

-0 .04 
-0 .06 
-0.11 

0.18 
1.05 

III 

0.14 

0.04 

-0 .15 
1.16 
0.06 

-0 .16 
-0 .04 
-0 .06 
-0 .09 

0.20 
1.05 

IV 

-0 .03 
-0 .73 

0.11 

0.02 

-0 .05 
-0.11 

-0.11 
0.15 

-0 .20 
-1 .66 
-0.31 
-0 .23 

V 

-0 .12 
-0 .08 
-0 .05 
-0 .14 
-0 .09 
-0 .02 
-0 .04 
-0 .07 
-0 .03 
-0 .04 
-0 .03 
-0 .06 
-0 .09 
-0 .08 
-0.11 

0.03 
-0.61 
-0 .20 
-1 .80 

0.87 

" Shifts of <0.02 ppm are omitted. 

larger than the values for C3 and D4. This result is an imme
diate consequence of the ring system (electronegative sub-
stituents being absent) in structure Ia, which places C5 and 
Dl in a doubly fused furan ring ( V C H = 133 Hz in tetrahy-
drofuran12), while structure Ib provides no internally sufficient 
rationale. 

Structure Ia, or 3-hydroxy-15-(l-hydroxyethyl)12-me-
thoxy-4,16,18-trimethyl- 5- (2-py rroyloxy)-14,19-dioxatetra-
cycloIS.S. l^O.O^lnonadec^n-dien-n-one is thus de
rived. 

5. Confirming Evidence 

Derivitization. Acetylation yields two derivatives corre
sponding to reaction at one (structure II) and both (III) hy-
droxyl groups, the former of which occurs in the hydroxyethyl 
side chain. The'H NMR spectrum of each is readily assignable 

I 

I l 

I I I 

Ri 

- H 

- C O C H 3 

- C O C H 3 

R2 

- H 

H 

-COCH3 

on the basis of largely predictable substituent shifts, which are 
listed in Table VI. Both derivatives give strong parent ions in 
the mass spectrum, and the fragmentation patterns in the high 
mass region are similar. 

Ethanolysis under basic conditions yields two additional 
derivatives, one of which (IV) corresponds to the expected 
opening of the lactone ring, and the other to a more surprising 
rearrangement to a ring-expanded isomer (V). Acidic ethan
olysis yields IV exclusively. The 1H NMR assignments in both 

C2H5I 

( I V ) 
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structures are obvious extensions of those for I, and the ob
served shifts (Table VI) clearly confirm the prior inference that 
unit A is attached to C2, and E thus to B4. As one would also 
expect, spin coupling constants between protons on the caged 
system are essentially the same in I-V, while those involving 
protons in the macrolide ring vary on going from I—111 to IV 
or V. 

Mass Fragmentation. Compounds I—III all give parent ions 
in the 70-eV EI mass spectrum, and the principal fragments 
in the region above m/e 250 result from (1) loss of the elements 
of the base peak C5H4NO together with those of R2OH; (2) 
loss of RiOH; (3) loss of C3H5O3; and (4) a combination of 
the above, less one proton, to give a peak at m/e 291. The 
ethanolysis product IV gives no detectable parent, but a 
prominent fragment at m/e 444 corresponds to the loss of 
C5H9O3, a homologue of the C3H5O3 loss above. This suggests 

CH3O O • CH3O OH* 

that the parent ion of I might undergo rearrangement 1. It is 
noteworthy in this connection that no corresponding loss is 
observed from structure V, where a seven-membered ring 
would be involved in the transition state for rearrange
ment.13 

A loss of C3H6O, alone and in combination with (1) and (3) 
above (the latter as C3H4O3), gives another series of CP-
47,444 that is not observed in its acetates. Since this is the 
predominant fragmentation in V, prior rearrangement of I —• 
V may be involved. 

Carbon-13 Relaxation. The relaxation properties of the ring 
carbons are consistent with isotropic intramolecular dipolar 
relaxation based on the assigned structure I. In particular, the 
relaxation_times (nT\) for protonated carbons in the cage 
system (nT\ = 0.105 ± 0.007 s) or in the macrolide ring («7"! 
= 0.122 ± 0.003 s) form two nonoverlapping equal sets, with 
the latter ~15% longer than the former. This can be simply 
attributed to greater flexibility in the macrocyclic ring. The 
placement of 13C NMR 17 = B5 into a pendant unit is also 
confirmed by its still longer relaxation time of 0.14 s. 

6. Relative Configurations and Conformation 
CP-47,444 contains 12 asymmetric carbon atoms and two 

multiply substituted double bonds (excluding the pyrrole ring), 
which together allow 8192 isomers in addition to the choice of 
absolute configuration. The fused ring system fixes, on the 
basis of geometrical requirements, the relative configurations 
at four centers (positions 1, 2, 6, and 7) and a Z configuration 
(also evident from VH,H = 9 Hz between the vinyl protons) 
about the 8,9 double bond. The large spin coupling (~11 Hz) 
between protons on positions 3 and 4 implies a near-trans ar
rangement, while those on positions 2 and 3 (VH,H = 2.5 Hz) 
and 4 and 5 (4.6 Hz) are gauche; these serve to define the rel
ative configurations at three additional centers as shown in VI. 

4209 

( V l ) ( V I I ) 

The relative configuration at position 10 can also be assigned 
on the basis of proton coupling constants to be as indicated in 
VII, thereby completing the cage. All 3JH,H couplings, in
cluding the near vanishing ones of H7 to H2 and H6, are in 
good agreement with dihedral angles calculated for a cage 
modeled after VI.14 Lanthanide shift reagents, which appear 
to complex in the vicinity of the pyrrole ring, shift H3 and H7 
about equally, while shifting H6 more and H4 less. Other in
duced shifts, apart from those in the pyrrole ring, are small in 
comparison. 

The relative configurations in the macrolide ring remain 
unassigned, the major impediment to solution of this problem 
being lack of a clear definition of the configuration about the 
17,18 double bond. 
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