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NMe, 0.60! 0,57 0.249 NMe,, 0.08 0.09! 0,03 0,045 0,04
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OMe 0,45 0,508 OMe 0.18! 0.17| 0.02 0.08
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. CcH +0.62 +0.62 +0.62
: b . 3
BRI Lothin, Ceba, ‘/Hﬂ"ej-(f%i& H £0.47 +0.47 +0.47
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31. On the Assignment of the NMR Spectra of

Complex Organic Molecules
©M, C, Woods and I, Miura

Department of Chemistry, Tohoku University, Sendai

" PERTRANE § BN . . . ; .
By making use of a multiple-resonance technique, 'spin-perturbatlon 5 ) in conjunetion with differential
golvent shifts, Overhauser effects and the more usual decoupling methods, it is sometimes possible, as shown
pelow, to make a complete and unambiguous assignment of the NMR spectrum of a relatively complicated mole=
» ]

cule, and thus to-deduce the complete structure and stereoehemistry.

; 2) - : 2) . S

The NMR spectrum of (I), ) a C18H2006 lactone derived from futoenone, ' is shown in Fig, 1. The
following part structures are easily deduced from the spectrum.
(6. 64,dd) Hy H; (6,73, d, J=8) —— qOZMe (3. 69, s)
H, (2.84, d)
[ | A
-0 A4 )
c\ J AB" 16, 7
. O—-CH, (5,91, 8) {sp>C) Hy (2,56, d)
J

(6, 69, d, J=2)
2°~Me (0,79, d, J=6,3)

[8* s are for CDCl3 solution]

Also apparent are signals due to: HE—- at 4, 83 (ddd, J?s=6, 4, 1); HD— at 2,19 (d, J=11, 6); and H'ﬁ;ﬂ-‘at )
1, 65 (ddd, J*s=14, 11.5, 1), Integration shows that signals from four other protons (HC, HG, HH’ HI) are
algo present in the 1,5 to 3, 0 ppm region, but assignment of their gplitting patterns is not possible from thé
spectrum in CDC13. However, from the spectra of Iin CéDerand in'30% C 6D()/CDCI3 solutions, and by de--
coupling HE and the Zo—Me, it is possible to assign the following coupling patterns to these four remaining
protons — although the lines due to H o 2re always largely overlapped by HD and HI'

H _,— eight line patiern at 2.53 in CDC13 (ddd, J*s-11, 6, 6, 1,9), Irradiation of HF removes a 6 cps

C
splitting.
HG-— sixteen (?) line pattern at 2, 21 in CDCl3 (dddd, J*s=14, 6, 4, 1,9). Irradiation of HE appears to

remove a 4 cps splitting to give a ddd,

HH— six line pattern at 2,51'in CDCl3 (ddd, J°s=11,5, 1L, 5, 6). Unaffected by irradiation of HE or the
o
2"=Me,

HI-—- eight lines at 2, 10 in CDCl3 (da, J*s=11,5, 6.3), This is the only signal affected by irradiation of the
2%-Me, to.give a doublet (J=11. 5),

Irradiation of HE .also removes a small (1. 0 cps) splitting from HF’ but does not affect any other protons
G and HC’
Because five protons (Hc, HD’ HF, 1

except H

HI) share a common splitting of ca 11,5 eps and because of the

possibility that the splitiing pattern of HG may have been incorrecily assigned, together with the very real
possibility that the 1, 5—3. 0 ppm region is not assignable on a first order basis (due to 2nd order splittings

which need bear no simple relationship to J), it is highly desirable to find a means of confirming these assign-~
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ments and of unambiguously determining which profon is cpupled to which.

Adverse & 6/ J ratios prevent the use of double resonance to completely decouple any of the protons HC, HD,

wl)

HF‘, HG’ HH, HI’ one from another, but it does not prevent the use of " spin-perturbation Which, as shown

pelow, provides a simple and unambiguous means of assigning all the unknown couplings.

1)

Weak irradiation ' of the central lines of H_, causes severe perturbation {collapse and secondary splittings)

F

of the lines from HG‘ and HH but does not affect those of HC’ HD and HI'

lines without disturbing

Slmllar;y, weak irradiation of the central lines of HH perturbs the HF’ HI’ and HG
HC and HD'

It is thus apparent that 'I—IF is coupled to HH and HG but not to HC, I-ID and HI’ and that HH is coupled to HF'
HI, and HG but not to HC and HD’ It also seems that a first~order analysis of the spectrum is valid since all

the splittings of coupled protons match very nicely and no splittings appear to be unaccounted for.

Finally, irradiation of I-IJ and HK“ looking at HF,' HG’ HH and HI’ and irradiation of HF‘ I—IG, HH and HI’
looklng at HJ, HK and HL‘ indicate that H.

are involved in Overhau‘ser effects with HF’ HG, HH, _and HI; The position of attachment of the aromatic ring

H is coupled weakly to HK and HJ, and that these two aromatic protons

is therefore clear,
Consideration of the above NMR data, the molecular formula, and the presence of a lactone groupingleads
unequivocallyA to the structure and stereochemistry shown in I : the presence of a 8-lactone is rejected on NMR

and other grounds,

Jap = 116
K JCE =6
i JDE ca 0
Tpg = 4
—
o) Jeg™ 9
I £ 14
O—- CHy JFG =115
FH .
Jap= 6
J__ =115
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Table I P-31 NMR data of some phosphites

No. Compound Chemical Coupling Const.,Hz
Shi £t,ppn’ lJPH .

1 MeOFCl, 180.6¢ -

2 EtOPCl, 177.3 -

3 PrOPCl, 177.6 -

4 BuOPCl, 177.8 -

5 (Et0),ECL 165.4 -

& (Pro),PCl 165.5 — 7.8

7 CHyPR-0"Spe1 170.4 -

CH,-0

8 (MeO)BP 140 — 10.g

9 (E$0)4P 137.5 - 75
10 (Pr0).P 138.1 - 7.5
11 (MeO),POH 11.2 694 12
12 (Et0),POH 7.3 690 9.5
13 (Pr0),POH 7. b 690 9
14  (i-Pr0),POH 3,7 689 8.5
15 (BuO),POH 7.2 690 8.5
16  (i-Bu0),POH 7.35 694 8
17 (s-Bu0),POH 4.9 686.5 9
18 (MeO),PSH 74 651 14
19 (Bt0),PsH 69.0 647, g 11
20 (i-Pr0),PSH 6. 645 1l.g
21  (BuO),PsH 69.6 649 10
22 (EtO),PSeH 71l.g 633 12

# Downfield from external 85% orthophosphoric acid.
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Table ITI PMR data of some phosphites

No. Compound Chemical Shift,ppm# Coupling Const., Hz
JCHB Seno- - EE -

1 MeOPCl, 3.82 _— 10.0
2 EtO0PCl, 1.35 4,27 _— 8.r,
3 PrOPCl, 0,96 4,14 - 8.0
4 BuOPCl, 0,94 4,18 _— Buhg
5 (E£0),8CL 1.29 4.055 - 8
6 (Pr0),PCL 0,93 3.92 . B

7 CHB(?H _o>le1 {1.38 .

CH,-0 1.525 )
8 (Meo)zP . 3465 - 10.¢
9 (EtO)BP l.21 3.81 - 8
10 (PrO)BP 0,91 5.,805 - 74
11 (Me0),POH 700.¢ 13
12 (Et0),POH - 1.30g 4,10 687 9
13 (Pro)21?0H 0,95 5.%¢ 8.5¢
14 (i~Pr0),POH 1,30, 4.655 681 8.8
15 (BuO)ZPOH 3.99 8.8
16 (i~Bu0),POH 0.9 3.79 694 8.0
17 (s~Bu0) ,POH (0.95 Hubdg 686. 9.2
1.29

18 (MeO), PSH 657 13
19 (EtO)'aP;a:H 1.305 4,13 647.c 11
20 (i-Pr0) SPSH : o
21 (BuO)zPéH

22 (Et0),PseH '1.505 632.5

# Downfield from internal TMS in pure liquid.
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