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Ah&w&-A number of 22,27-imino-17,U-oxidojcrvane derivatives have been synbcsizd. The 
chemical shift values for all the Me groups of 6J derivatives of &vane arc pnzscntcd. and the efkcts 
of many different substitucnu on these chemical shifts are analyscd. The additivity principle is 
shown to hold satisfactorily for the 19-Me protons of thcsc C-nor-D-homosteroid alkaloids. 

INTRODUCTION 

IN COKNECT~ON with a study aimed at the total synthesis ofjervine, we have synthesized 
a number of jervine derivatives which would be useful as relay substances. In view of 
the close similarities of structure within these alkaloids, an intercomparison of the 
NMR spectra of a series of these compounds would be valuable in confirming certain 
stereochemical points as well as promoting the structure determination of new 
derivatives.* For these purposes we have carried out a study of the EiMR spectra of 
65 members of the group, including known compounds. While all the compounds 
discussed in the present paper contain a 22,27-imino-17.23-oxidojervane ring skeleton’ 
and the data on the NMR spectra are confined to the correlation of the chemical 
shifts of Me groups with changes in their environment, the spectra of various com- 
pounds having a 22,27_iminojervanc skeleton, in which no ether linkage is involved 
between C-17 and C-23, give a different result and will be reported later. 

SYNTHESES OF 22.27-IMINO-17,23-OXIDOJERVANE DERIVATIVES 

One of the reference compounds, 22,27-imino-17,23_oxidojervane (I), was syn- 
thesized as shown on Chart 1; the Wolff-Kishner reduction of 121,13zdihydrojervine4 
(II), prepared from jervine’ (III)? gave 1 ldeoxo-12z,l3zdihydrojervine (Iv). No 

1 Part VII of C-Nor-Dhomosrcroti ond Relored Alkaloids; Part VI, T. Masamune. K. Orito and 
A. Murai, Bull. Chrm. Sot. Jopan 39, 2503 (1966). 

’ For the NMR studies on the avcratrum and fritillaria alkaloids having a C-nor-Dhomostcroid 
skckton. see the following Rcfs; l S. Ito. J. B. Stothcrs and S. M. Kupchan, Terrahe&on 20,913 
(1964); and * S. Ito. M. Kate, K. Shibata and T. Nozce, C’lum. Phurm. Bull. Jopo~~ Il.1337 (1963). 

‘The designation “jcrvanc” will bc used lo dcscribc 17a&mcthylC-nor-Dhomo-l&nor-13a- 
chokstanc; cf. Ref. 1; J. Fried and A. Klingsbcrg, J. Amer. Glum. Sot. 75.4934 (1953); S. M. 
Kupchan and S. D. Ixvine. ibid. 86, 701 (1964); W. F. Johns. J. Og. Chrm. 29. 2545 (1964). 

‘*W. A. Jecobs and C. F. Hucbncr. 1. Bbl. Chtm. lto, 63s (1947); .nK conligurations of C-12 
and C-13 in II have recently been established; 0. Wintersteiner and M. Moore, Terroheakon 20, 
1947 (1964). 

L For the sterccchemistry of jcrvine. se the following rcfercnas; l T. Masarnune, M. Takaqi 
and Y. Mori. Tefrahedron Lrrrers 489 (1965); ’ 0. Wintcrstcincr and M. Moore, J. Org. Chm. 
29,262 (1964). the footnote 4. 

’ D. H. R. Barton, D. A. J. Ives and B. Thomas, 1. Gem. Sot. 2056 (1956). 
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con~gurational change at C-9 and C-12 is considered to take pIace during the reduc- 
tion, as II was recovered unchanged by vigorous treatments in strongly aIkaIine 
solutions. Hydrogenation of IV over Pt in acetic acid to Ildeoxo-Sz,6,12r,13r- 
tetrahydrojervine (V) and subsequent oxidation with chromic anhydride afforded 
22,27-imin~l7,23~~doje~an-3-one (VI), which in turn was submitted to the 
Huang-Minlon reduction to yield 22,27-imino-17,23-oxidojervane (I). On the other 
hand, an a,/?-unsaturdted ketone (VII) prepared by the Oppenauer oxidation of IV 
was hydrogenated over Pd in an alkaline solution’ and produced 22,27-imino-17,23- 
oxide-5/l-jervan-3-one (VIII), a S/l-isomer of VI, which was then converted into the 

H H 

corresponding 3dcoxo compound (IX) by the Huang-Minlon reduction. The 
configurations of C-5 in VI and VIII were deduced from the measurement of ORD 
curves; VI and VIII showed a positive and a negative Cotton effect, respectively. 

Synthesis of 12,13dehydro derivatives of I and IX is shown on Chart II and 

’ cf. R. Y&n, G. Roscnkranr and C. Djcrasi, f. AM. Chum &c. 73.4654 (1951); G. Stomp 
Jr., Y. E. Shealy, J. L. Johnson, R. A. Donia, B. A. Johnson, R. R Holysz, R. L. podusoa, 
A. 0. Jensen and A, C. Ott, Ibid. 77, 1216 (1955). 
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invoives the sequence XI to XIV or to XVII. Siuce the hydrogenation of I ldeoxo- 
jervine” (XI) over pt in acetic acid had led to the cleavage of the ether linkage with 
concomitant reduction of the S&double bond and afforded 22,27-iminojerva-5,13(17)- 
diene-3&&dioI I*& (X), reduction of the W-double bond in XI was attempted in 
neutral or alkaline solutions. However, the starting material XI was only recovered 
unchanged. Hence, XI was first oxidized to “1 Ideoxo-A’-jervone” (XII) by the 
Oppenauer method. Catalytic hydrogenation of XII under neutral or alkaline 
conditions produced ~,27-imi~~l7,23~xid~5~je~-l2~n-~ne (XVI), showing a 
negative Cotton effect, while the Birch reductions of XII resulted in the formation of 
a Sa-isomer (XIII) of XVI, which gave a positive Cotton effect. The Huang-Minlon 
reduction of XIII and XVI produced the respective 3deoxo derivatives (XIV and 
XVII), and hydride reduction of XIII with sodium borohydridt gave 1 l-demo-Sa,4- 
dihydrojervineiO (XV) in good yield. 

Next, stereospecific synthesis of I l-oxo derivatives of VI and VIII was undertaken 

Chart II 

@ T. Hasamunc, Y. Mori, hf. TWgi, A. Mumi, S. Oh&& N. Sato and N. Katsui, &I&. C~&ZU. 
Sot. Jopan 38.1374 (1965). 

@ cf. 0. Stork and S. D. Dar1ing.I. Amer. Ch. Sot. 86, 1761 (tW). 
i* &signment for the @-amfiguration of the &OH group was deduced from analogou,$ exam&s 

with normal steroids; cf. W. 0. xhubcn, E. J. Biant, Jr., J. Jiu and R. A. Mi&eli, J. Rm ckm 
5&. 78.3752 (1956); 0. R. Vait and D. M. S. Wheckr.I. 0~. Chcm. ?7,3803 (1962). 
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and the process is summa&d on Chart III, Normal A‘-3-ketosteroids which possess 
an 1 l&hydroxyPl or 1 l-bony1 group”*t* are reduced by catalytic hydrogenation 
to the %&lihydro derivatives, whereas hydrogenation of 11 z-hydroxy-A‘-3-ketones, 
specially in alkaline solutions, gives the corresponding S&isomers.” Thus, II was 
reduced to “12r,l3adihydrojervin-1 l/M” (XVIII) with LAH and to the 1 la-isomer 
(XXII) with sodium and butanol. According to the similar reduction methods, the 
5z&lihydro derivatives (XXVII and XXVIII) of XVIII and XXII had already been 
prepared from 51,6,122,1331-te~ydrojervin~,14.1s (XXVI). It is apparent that no 
epimcrization takes place at C-9 and C-12 during the reductions, as II is stable to 
alkali as mentioned previously and, in addition, XVIII and XXII were oxidized 
smoothly to 11 in good yield. These alcohols XVIII and XXII were converted into 
the respective A’-3-ketones (XIX and xX111) by the Oppenauer oxidation. Hydro- 
genation of XIX over Pd-C in ethanol produced a 3-keto-1 I/?-alcohol (XX) as a main 
product, the 5~~nfi~~tion of which was confirmed from the ORD curve (a positive 
Cotton effect). The keto-alcohol XX was oxidized with chromic anhydride to yield 
a diketone (XXI), which was also obtained by oxidation of the tetrahydrojervine 
XXVI, Since configurational change is unlikely to occur during such mild oxidations, 
XXl must be an 11-0x0 analog of VI. Furthermore, a series of the above-mentioned 
transformations involve confirmation of the Szconfiguration of XXVI. On the other 
hand, treatment of XXIII with hydrogen in the presence of Pd in alkaline aqueous 
ethanol gave rise to a fkcto-1 la-alcohol (XXIV) as a major product, and the ORD 
curve (a negative Cotton effect) proved that XXIV had a A/B cis ring fusion. XXIV 
was oxidized smoothly to a diketone (XXV), which was a stereoisomer of XXI as well 
as an 1 l-ox0 analog of VIII. 

While XXI which possesses tray A/B and truns B/C linkages was recovered 
unchanged by treatment with potassium t-butoxide in refluxing t-butanol, it was 
anticipated that XXV which retains a cis A/B and ir~rr.s B/C system would be epimer- 
ized at C-9 to give an isomer in which the B-ring is &fused with the C-ring. Such 
epimerizations have been observed with several hydrindanone derivativesl* and also 
with analogs of XXV having a benzenoid D-ring. l7 Contrary to the expectation, XXV 
remained uneffected, when treated with potassium t-butoxidc in refluxing t-butanol. 
However, a new compound was isolated in one run when XXV was refluxed in 
aqueous ethanol containing 20 y0 potassium hydroxide for a long time. This compound 
(XXIX) was at first supposed to be an expected isomer, but it gave an 0,Ndiacetyl 
derivative on acetylation and was obtained from XXV in 70 % yield by hydrogenation 
over Pt in an alkaline ethanol solution. Furthermore, XXlX was converted, in good 
yield, into the original diketone XXV by chromic anhydride oxidation. Thus, the 

Ia J. Pataki, G. Roscokranz and C. Djcrassi, J. Bid. Chm. 19% 751 (1952). 
*I H. L. Mason. W. M. Hoen, B. F. Mckeruic and E. C. Kendall, J. Bid. Chcm. 120, 733 (1937); 

C. Djcrrssi, G. Roscnkranz, J. Pataki and S. Kaufmann. Ibid, 194, 1 IS (19S2). 
1’ 0. Manccra, C. Djcraui, H. 1. Ringold, G. Roscnkranz and F. Sondhcimer, 1. Amn. Chem. Ssw. 

75, 1286 (1953). 
l* B. M. I&in, M. Moore and 0. Wintersteiner. f. Amer. Ckm. Sot. 76,403 (19%). 
*‘ cf. 0. Wintersteiner and M. Moon, T~traheah 21,779 (1965). 
I* Ref. &I, footnote 8. 
I7 l P. W. Schicss, D. M. Bailey and W. S. Johnson, Terrukdron Lerrcrs 549 (lW3); * D. M. Baiky. 

D. P, G. Hamon and W. S. Johnson, Ibid. SSS (1963). 
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compound could be formulated as XXIX, L1l and would have been formed by reduction 
of the Meerwtin-Ponndorf type during the prolonged treatment with alkali. 

Finaiiy, synthesis of 11~x0 derivatives of XIII and XVI was carried out as shown 
on Chart IV. “A‘-Jervone’*40 (XXX) was subjected to hydrogenation over Pd-C in 

ethanol or in alkaline aqueous ethanol. Fortunately, the hydrogenation led to only 

ChOfl In 2; 

the reduction of a 4,Sdou&le bond and yielded a mixture of stenoisomers, although 
the hydrogenation of III under similar conditions afi’ords 12,I3dihydrojervine (II) 
in good yield.‘* By fractional rccrystahizations of the product or of the N-acctyl 
derivative, stereoisomers (XXXJ), m.p. 208-210”, and (XXXII), m.p. 208-210“, were 
isolated in the yields of 12% and 40%, respectively. Although both the compounds 
showed almost the same R, on paper chromatograms and the closely similar pattern 
in the IR spxtra, these could be distin~ished each other by TLC and by the mixed 

l*The configuration of tic 3s-OH group was assigned on the basis of an~Iogous examples whb 
nomul steroids. cf. L. Ruzicka. H. Bntngger. E. &kha~bcrgcr and J. Meyer, H&Y. Ckh. Acra 
17, 1407 (1934). 

” R. AnIiker, H. Heuser and 0. Jeger, H&v. C&t. Acra 35,838 (1955). 
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m.p. method. In order to establish the configuration of these compounds, “jervine- 
11 ~-oP’*~ (XXXIII), which has been proved to have the same configuration at C-9 
as jervine, was converted into the corresponding A’-3-ketone (XXXIV), which in turn 
was submitted to the Birch reduction to give a 3-keto-I l/I-alcohol (XXXV). The ORD 
curve of XXXV had a positive Cotton effect, indicating that it had a frans A/B ring 
fusion. Chromic anhydride oxidation of XXXV produced a 3,l ldiketone, m.p. 205- 
208”. which was identical with XXXI. Since no epimerization is considcrcd to occur 
during the oxidation, a series of the reactions from III to XXX1 establish that XXX1 
is 3dehydro_5z&dihydrojcrvinc, an 11-0x0 analog of XIII, and that XXX11 is a 
S/?-isomer of XXXI. This was supported by the following reaction; XXX11 was 
hydrogenated in the presence of Pt in alkaline aqueous ethanol and gave rise to XXlX 
already obtained from XXV (Chart III). With the purpose of preparation of com- 
pounds having a cb B/C ring fusion, XXX11 and the 3-ethylcnc ketal (XXXIIb) were 
treated with potassium t-butoxide in relluxing t-butanol, but remained unaffected as 
in the case of XXV. The ethylene ketal XXXIIb having no ketonic group at C-3 was 
recovered unchanged also by prolonged treatment with potassium hydroxide in 
rcfluxing ethanol, whereas XXX11 itself was reduced to yield a 12r,l3xdehydro 
derivative (XXXVI) of XXIX. 

Al (O&H,), , / 
/ 

/ 
/ 

/ 

r” 



Syntheses and NMR spaztra of 22,27-imino-17.23-oxidojcrvana derivatives I597 

NMR SPECTRA, RESULTS AND DISCUSSIONS 

The spectra of the steroid alkaloids examined in the present work were complex 
because of the presence of a number of ahcyclic methylene and methine groups. 
However, the signals of Me groups were usually discernible as relatively sharp peaks, 
which appeared above the background of the methylene and methine protons The 
Me groups sometimes gave rise to overlapping signals, which made the assignment 
difficult. Then, the spectra were taken at two different magnetic fields (60 and 100 MC) 
and interpreted, being compared each other. Assignment of the peaks to the respec- 
tive Me groups and effects of structure on the peak positions are discussed in detail 
in the following. The results are summarized in tabular form; the chemical shift data 
for the various Me protons are shown in Tables 1 and 3 and the contributions of 
functional groups to chemical shifts of the 19- and IS-Me protons in Tables 2 and 4, 
respectively. 

The 19-methyl prorons. There is no ambiguity for almost all the assignments of 
the 19-Me protons (Table 1). The protons appear as sharp singlets over the range 
7858 to 9.29 and give 7-values independent of change in the magnetic field. While 
the chemical shifts of the protons would not be expected to depend on substitucnts on 
the N atom and, in fact, it was the case, structural and configurational variations in 
the A, B and C rings cause change in the peak positions, just as observed in the similar 
studies of normal steroids and related compounds. In the NMR spectra of stcroidP 
and triterpenoids, *l the long range shielding effects of various substituents on the 
chemical shift of angular Me protons have been shown to be additive by many 
investigators. This “principle of additivity” has now been found to be applicable to 
the prexnt series of compounds as well, and a detailed discussion follows. 

In order to examine both additivity and magnitude of the shielding effects, all the 
compounds were classified into two groups, A and B, as usually done in the normal 
steroid series; the group A includes compounds having a trun_r A/B ring fusion (18 
members) and those having a 4,5- or a 5,6double bond (30 members), and the group 
B 17 compounds having a cis A/B linkage. 5a- and S&Iminooxidojervancs I and IX 
bearing no substituent were selected as reference compounds of the respective groups. 
The contributions of various functional groups (Table 2) were obtained by paring 
compounds which differ by only the single chemical group in question and by taking 
the average of differences of the chemical shifts. The values on the last column of 
Table I were calculated, having available the chemical shifts of the reference signals 
and the contributions listed in Table 2, and are in good agreement, within 0.02 ppm, 
with the observed chemical shifts, indicating that the shielding effects are really 

me J. N. Shoolery and M. T. Rogers, 1. Amer. Chcm. Sot. 80, 5121 (1958); G. Slomp, Jr. and 
B. R. McGarvey, Ibid. 81.2200 (1959); J. S. Cox, E. 0. Bishop and R. E. Richards,J. Chcm. Sot. 
5118 (1960); K. Kawazoc. Y. Sate. N. Natsume, H. Hasegawa. T. Okamoto and K. Tsuda, 
Chcm. Phurm. Buff. /upon 10, 338 (1962); T. Okamoto and Y. Kawaxoc. Ibid. 11, 643 (1963); 
K. Tori and E. Kondo. Tcrruhedron Lcffcrs 645 (IW3); E. R. Malinowski. M. S. Manhas. G. H. 
Muller and A. K. Boxc. Ibid. I161 (1963); A. I. Cohen and S. Rock, Jr., Srcroldc 3, 243 (1964); 
K. Tori and T. Komcno, Tetrahe&on 21, 309 (l%S); ’ R. F. Zilrcher, HA. Chim. Acra 44, 1380 
(1961); Ibid. 46, 2054 (1963): ‘N. S. Bhaaza and D. H. Williams, Application of NMR 
S~crroscopy in Organfc Chunkfry p. 14. Holden-Day. San Franciro (1964). 

‘I A. T. Cohen, D. Rosenthal, G. W. Karkomr and J. Frill. Tefruhrdron 21, 3171 (1965) and 
Rcfs. cited in the footnote Q. 
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TABLE 1. THE QiwQcAL SHIFT O? lHB 19-MEI-HYL ?RRoToHs ot THE -XWOJERVANl?S 

Group A 5s. A’- and AL-l~~&hJ~~ 

No. CompoundP 3 
----- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3s 

I 

Ia 

II’ 

LIa’ 

Jib 

IIW” 

IIIb’*f 

IlI@ 

lIId’ 

UTC 

IV 

lVa 

Va 

Via 

Vlb 

VII 

VIIa 

XI’ 

XIa’ 

XIb 

XIC 

XlI 

XIII 

XIV 

xv 

XVa 

XVIII 

XVIIIa 

XVIIIb 

XIX 

xx 

XXI 

XXW 

XXII’ 

P-OH 
/WAC 

B-OH 

8-OAc 

B-OH 

8-o& 

/WAC 

/%OAc 

B-OH 

&OAc 

/LOAc 

0 

w&O, 

0 

0 

P-OH 

B-OAc 

P-OH 

/?-OAc 

0 

0 

B-OH 

/!I-OAc 

B-OH 

/LOAc 

/?-OAc 

0 

0 

0 

0 

0 

B-OH 

Substitucnts’ at 

4 5 11 12 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

0 

0 

0 

0 A 

0 A 

0 A 

0 A 

0 A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

P-OH 

P-OH 

P-ok 

B-OH 

&OAc 

P-OH 

0 

0 

a-OH 

N 
-- 
H 

AC 

H 

AC 

CH. 

AC 

AC 

H 

a, 

(CH,P 

H 

AC 

AC 

AC 

H 

H 

AC 

H 

AC 

CH. 

CH. 

H 

H 

H 

H 

AC 

H 

AC 

AC 

H 

AC 

H 

H 

AC 

H 

.-. 

cbcmical 

shifts’ (7) 
.._- .-- .-_ 
9.29 

9.29 

898 

898 

8.99 

8.99 

9.00 

9M) 

897 

8.97 

9.05 

9.05 

9.26 

9.0s 

9.26 

8.89 

8.89 

9.07 

9-M 

9.07 

9.05 

8.89 

9.08 

9.30 

9.27 

9.26 

8.76 

8.75 

8.84 

8.59 

8.69 

8.78 

9.01 

9.02 

9.02 

(9.29) 

(8.99) 

(8.98) 

(8.99) 

(898) 

(899) 

(8.98) 

(8.98) 

(8.98) 

(9W 

(9G5) 

(9-m 

(9975) 

(9.265) 

(8.89) 

(8.89) 

(9%) 

(995) 

(9.06) 

(9.05) 

(8*89) 

(9‘Q75) 

(9.29) 

(9.27) 

(9.26) 

(8.765) 

(8.755) 

(8.845) 

(8.595) 

(8685) 

(8.78) 

(9.005) 

(9.005) 

(9.03) 
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TAEU 1 (Conr’d) 
-- _. .___ -.. .-.-. .-.. -- _- 

.- 
No. 

-‘36- 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

CornpoundS 3 
.- _.- -. 

XXIIa &OAc 

XXIIb’ WAC 

XXIII‘ 0 

XXJlIa 0 

XXVI‘-’ j%OH 

XXVIa’ /?-OAc 

XXVW /3-OH 

XXVIII’*’ P-OH 

XXX’ 0 

XXX1 0 

XXXKIU P-OAc 

XXXIV 0 

xxxv 0 

49 VlJl 

50 VUla 

51 IX 

52 IXa 

53 XVI 

54 XW 

55 XXIV 

56 XXlVa 

57 XXV 

58 XXVa 

59 XXIX 

60 XXXXa 

61 XXXU 

62 XXXlIkl 

63 XXXIIb 

64 XXXVI 

65 XXXMa 

..-. 

Substitucnti at 

4 5 11 12 N 
- --___-___ 

A a-OH AC 9.00 (9.02) 

.i a-OAc AC 8.94 (8.96) 

A a-OH H 8.88 (8.86) 

A a-OAc AC 8.82 (8.80) 

0 H 9.19 (9.20) 

0 AC 9.17 (9.19) 

P-OH AC 8.98 (8.975) 

a-011 AC 9.24 (9.24) 

A 0 A H 8.82 (8.82) 

0 A H 9.00 (9.005) 

A &OH A AC 8.77 (8.755) 

A P-OH ,i H 8.58 (8.595) 

/?-OH A H 8.77 (8.78) 

0 

WWs 

0 

0 a-OH 

0 a-OAc 

0 0 

0 0 

a-OH 0 

a-OAc 0 

0 0 

0 0 

ww, 0 

a-OH 0 

a-OAc 0 

H 9.07 

H 9.13 

H 9.17 

AC 9.18 

H 997 

H 9.17 

H 9.04 

Ac 899 

H 8.99 

AC 8.98 

H 997 

AC 9.06 

H 9.00 

AC 903 

H 9.05 

H 9.04 

AC 9.03 

chemical 

rhiftP (7) 

(9.075) 

(9.13) 

(9.17) 

(9.07) 

(9.17) 

(9.04) 

(899) 

(899) 

(899) 

(9.06) 

(9.05) 

(899) 

(8.99) 

(9.05) 

(9.06) 

(9.05) 

*The wtlii “a. b and so on” refers to acetyl. l lkyl and/or cthylencdioxy derivatives. ‘The 
abbreviated words “0. C.H.0, and &’ denote kctonic and ethykncdioxy groups and a doubk 
bond, respectively. ‘The Agurca in the parenthcwa refer to the values calculated from Table 2. 
‘ Ref. 4. l K. Saito, H. Suginomc and M. Takaoka, &II. Chm. Sot. Japan Il. 172 (1936). t W. A. 
Jacob and L. C. Craig, /. Biol. C&m. 148.51 (1943). ’ Ref. 14. ’ Ref. 8. ( W. A. Jacobs and Y. 
&to, /. Eiol. Chcm. 175,117 (1948). f 0. Wintenteincr, M. Moore and B. M. Islin. /. Amer. Chem. 
Sot. 76, 5609 (1954). b N-Methyl mcthiodidc. 
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TABLE 2. THE CXXWUBIXION OF FUNCWNAL GROUPS TO THE CIUMCAL siwr OP THB 19-m 
PROTONS OF TIIE IMINOOXIDOJERVANFS 

Rcfcrcncc compounds’ (T) Group A Group B 
1 9.29 (9.208) 1x 9.17 (9.075) 

Functional No. of Contribution’ No. of Contributiod 
groups examples (PPm) examples (ppm) 

3p-OH - I2 -. --0.02 (-0,033) 
---- -- 

3p-OAc 17 -0.03 (-O.OsO) 
3x-OH 2 -0Q3 (-0.008) 
3x-OAc 2 -004 (-0‘025) 
3-Ethylcncdioxy I -0ms (-0.025) 2 -0M (-M33) 
3-0x0 8 -0.215 (-0.24(2) 6 -0.10 (-0.117) 
A’-3-0~0 9 -040 (-0.417) 
A’ 22 -0.21 ( -0.233) 
I l/?-OH 8 -0.295 (-0.2S8) 
I l/?-OAc 2 - 0.205 ( - 0.067) 
Ilz-OH 4 -0.03 (-0.117) 1 -0.03 (-0.117) 
1 I I-OAc 2 -0.09 (-0.092) 1 -0.09 (-0.092) 
11-0x0 IS -@07 (-0217) 9 -0.08 (-0.217) 
A” 14 OGO 7 0.00 
Substituents on N 0.00 6 0.00 

*The values in the parentheses are the chemical shifts of the 19-Me protons in 5u,14u-and 
5/?,142-androstanes. cf. Ref. 2Ob. ‘The negative sign denotes a downfield shift. The values in 
the parcnthcscs arc those of the corresponding effect with normal steroids. cf. Ref. 2W 

additive. In view of the low-field shifts of the 19-Me signal in the compounds posses- 
sing a B/C &fused ring (8@-H, and 9&H), I’.= it should bc emphasized that the 
iminooxidojcrvane derivatives (and probably the iminojcrvane derivatives) whose 
19-Me protons appear in accordance with the additivity rule (with minor deviations) 
must have a rrwzs-fused B/C ring (8/?-H, 9r-H). This “principle of additivity” would 
also bc useful for determination of the stereochemistry of compounds without 
confirmatory chemical evidences for the configuration.= 

On the results given in Table 2, some comments are presented in the following. 
(1) The 19-Me protons of I, the reference compound having a fruns A/B ring fusion, 
appear at higher field than those of another reference compound IX having a &-fused 
A/B ring system, and the difference (0.12 ppm) between their peak positions is equal 
to that (0.133 ppm) between the Me signals of 5z- and 5,!?-androstanes.m On the 
other hand, when a pair of the refcrcnce compounds having the same A/B linkage, I 
and Sa-androstane or IX and 5B-androstane, are compared, the signals of I and 1X 
are found at higher field by about 049 ppm than those of 5a- and 5p-androstanes, 
respectively. (2) Each functional group in the A and B rings provides almost the same 
dcshielding effect as that of the corresponding group in the normal series. This 
indicates that the steric relation of various functional groups in the A and B rings to 
the 19-Me protons hardly suffers change in passing from the normal to the present 
modified ring skeleton, although the A and B rings were expected to undergo distortion 

0 J. P. Kutncy, A. By, T. Inaba and S. Y. Leong. Tetruhedron fdfcrs 2911 (l%fl. 
n For example, the 1 l-OH group of “jcrvine-1 l/?-al” (XXXIfI) has ken assigned IO bc ;?-oricntcd 

on the basis of a general rule that the hydride reduction of a CO goup takes place from the las 
hindered side. However. tha ll~pimcr of XXX111 has not been prepared yet and no definite 
proof for the assignment appears to bc reported. 
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due to the contraction of the ring C. (3) The substituents in the C ring display contri- 
butions different from those due to the corresponding functional groups in the normal 
steroid. It is interesting that the B-oriented OH and OAc groups at C-l 1 cause larger 
deshielding effects as compared with those in the normal steroid, while the 11 a-OH 
group exerts a smaller deshielding effect. The spatial relation between the OH groups 
at C-l 1 and the 19-Me group would be different in the present modified steroid system 
from that in the normal steroids because mainly of the contraction of the C ring and 
partly of the deformation of the D ring discussed later. This alteration in the relative 
position between those groups would cause variation in the magnetic anisotropyU of 
the OH groups, involving C-O bond and O-H bond anisotropies and probable 
lone-pair electrons contribution, as well as in the van der Waals’ compressionS of Ihe 
IJ-diaxial disposed groups. These effects would lead to the variation of the de- 
shielding effects in question, although no quantitative estimation was performed 
in the present case. (4) The deshielding effect (0.07 ppm) of the 1 I-CO group is 
remarkably small contrary to the large effect (0,217 ppm) shown in the normal 
steroids. It is well known& that protons lying in conical regions extending above and 
below the plane of the trigonal carbon atom of a CO group arc shielded by this 
function, while those lying elsewhere and particularly those in the plane of the trigonal 
atom are deshielded. According to molecular models, substitution of a CO group at 
the position 11 does not affect the conformation of the D ring significantly (confor- 
mation A discussed later), and the plane of the 1 l-CO carbon is involved in the almost 
coplanar C ring, Thus, the 19-Me protons wcrc far shifted from the plane as compared 
with the case when C ring is six-membered, and lie in the region where the CO group 
does not exert an important deshielding effect. The obtained result is, therefore, in 
good accord with the expectation. (5) There is no contribution from the 12,13-double 
bond. It is expected that introduction of the function into the D ring would lead to 
the change of confo~ation of the D ring. It should be mentioned that the double 
bond displays no shielding effect is a result of compensation of the effect due to the 
double bond itself and that due to the deformation of the D ring. 

The 18-methyl mrd other methylprotons. The signals due to secondary Me groups 
other than the 19-Me group were usually discernible without much difficulty, although 
those signals appeared as overlapping signals in many cases or both the components 
of doublets were not clearly resolved in several cases. However, difficulty was en- 
countered in the assignment of the appropriate signals to those Me groups. In an 
attempt to solve this problem, the spectra of compounds possessing a 12,13double 
bond were first examined (Table 3, group D), because the signals of the 1 ~-MC groups 
attached to the double bond appeared as singlets over the range T 7.7 to 8.4, and could 
readily be distinguished from those of other Me groups. The absorptions of the 21- 
and 21%Me protons varied depending on a substituent at the N atom. In each of the 
spectra of compounds in which the N atom was substituted by a Me group or was not 
substituted, only one doublet involving six protons was observed and, therefore, the 
signals assignable to both the two Me groups coincided. The doublet was centered 

n “L. M. JacJcman, Applcath of NhiR Spectrowopy In Ogamk Chemfstry p. 11 S. Pcrgemon Press, 
London (1959); b Ref. 2Ob. 

u Cf. R J. Abmham and J, S. E. Holkcr, J. Cibcm. Sot. 806 (1%3); W. Nagata. T. Terasawa and 
K. Tori, J. Amer. C&m. Sot. 8X,3746 (1964); T. Masamunc, S. Ohuchi. S. Shim&ma and 
H. Booth, TetraheaVo~ 22,778 (l!WS). 

y Ref. 240, p. 122. 
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TAIU 3. IkE cIMcALsm?rOIM ~&,~I-AND Z~MXTHYL PROTONS 

OPTmlMEwOxIDOJEuVA 

Substitumts at No. of Chemical shifts (7) of methyl protons 

_. 
11 

HI 
& 

fz:: 
&OAc 
a-OH 
a-OH 
a-OAc 

0 
0 
0 

N -- examples 21- 26- la- 
_. ----_ _._.,,. -_ 

Group c (without A1’*“) 
AC 6 9.18-9.19 8+9-903 
H 7 9.08-9.10 9+8-9.10 I 9*Oa-9.10 

AC 
H 

2 
3 

9.17.9.18 8*98,899 
9.08-9.txI 9.08-9Q9 I 

AC 2 9.18.9.19 
AC 2 9.17.9.18 
H 3 997-9.09 

8.98-899 

8.98.8.99 9.11.9.13 
8.97. a.98 
9.07-9.09 I 898-9.02 

AC 3 9.15-9.16 8.97-898 9.15-9.16 
AC 5 9.16-9.18 8~97-899 
H 5 9-9.03 
CH, 1 a.97 

906998 I 9s9.08 
a.97 

H, 
HI 

$;I 

B-OH 
0 
0 
0 
0 

AC 
H 

a, 
AC 
H 
AC 
H 

Group D (with Arr u) 

2 9.1s. 9.16 
7 9.06-9.08 
2 8.93. a.% 

9*0&9.08 
8*9l, a.99 I 8.93. a.96 

8.29-8.39 

1 9.15 8.98 ’ 
2 9.0s. 996 995.9.06 I 

8.lMt.14 

6 904-9.06 9.04-9.06 
I 8.94 a.94 7.74-7.85 

1 (8.83 and 8.94)’ 

l A part of this Table U described in ODC of the previous reports; Ref. 31. * Assignment WM 
not possibk. 

in the narrow range 7 9.04 to 9% with latter compounds and in that T 8.93 to 8*% 
with former compounds, respectively, indicating that both the 26 and 21-Me signals 
were hardly affected by substituents in the C ring. On the other hand, when the N 
atom was substituted by an acetyl group, the signals due to the two Me groups 
appeared as separate doublets, one of them being always centered in the range T 8.94 
to 899 and the other in that 79.10 to 9.16. Again, the 21-Me signals appeared 
independently of substituents in the C ring. Thus, only from the available data, it 
was impossible to assign the signals to the Me groups in the N-acetyl compounds. 

The spectra of compounds in which the D ring was saturated (Table 3, group C) 
were next examined with the following assumption; the signals of the 26Me protons 
would appear in a narrow range irrespective of the presence of a 12,13double bond 
and substituents in the C ring as far as the compounds have the same N-substituent. 
According to this assumption, the 26Me signals should be centered either in the 
neighborhood of T 8.97 or 9.13 in the N-acetyl derivatives. In most of the spectra 
examined, three doublets with spacings of 5.0 to 7.5 c/s were observed in the region 
T 8.8 to 9.3. One of the three doublets was always centered in the range 7 8.97 to 9.00, 
and the other one in that T 9.15 to 9.19. These chemical shifts are close to those of 
two doublets (7 8.94 to 899 and 9.10 to 9.16) found in the spectra of the compounds 
included in the group D. Thus, it would be reasonable to assign the aforementioned 
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two doublets to both the 26- and 21-Me protons (or oice wr~o). However, it was 
again difficult to assign the appropriate signals to the respective group. At this stage, 
the spectrum of “30,Ndiacetyl-A’3-jervine”n was examined. The absorptions of the 
three secondary Me groups appeared as doublets centered at T 9+4, 899 and 8.92, 
and no signal regarded as components of a doublet was found in the field over T 9.10. 
On the basis of this sole example and the assumption mentioned above, it might be 
proposed that the doublets found in the range T 8.94 to 9.00 should be attributable to 
the 26Me group, and those found in the region T 9.10 to 9.19 to the 21-Me grou~,~ 
though no other confirmatory evidence is not given in the present paper. Hence, the 
remaining one of the three doublets was assigned to the 18-Me group. 

TAEU 4. THE ~~NIRIEUI’ION OP PUNCllONAL GROUT TO THE CHEMCN. SHIFT OP THE 18-m 
PRoTO!a OP THE rMNoOxImmVANP3 

Group c Group D 
Refercnct compounds (7) !M!P 8.34’ 

Functional No. of Contributions No. of Contribution’ 

grows examples (ppm) exUnpleS (Pm) 
-- -_- - _ .__~._ 

1 l/J-OH 5 -&I 1 3 --0.22 
ll/%OAc 2 + 0.03 
llz-OH 5 -O@ 
1 la-OAc 3 + 0.07 
11-0x0 11 - 0.02 11 -0.45 
Substihxnts in rings 

A and B and on N atom 0.00 ru@oo 

‘The mean chemical shift of M-Me protons in 13 compounds bearing no substitwnt at Cl1 
and C12. b The mean chemical shift of 18-Me protons in 11 compounds bearing double bond at 
C-12-C-13 and no substitucnt at C-11. ’ The negative sign denotes a downtkld shift. 

In tbe spectra of most of the compounds in which the N atom was unsubstituted 
or Me substituted, two doublets were observed and one of them always involved six 
protons. The overlapping, two Me signals were centered in the range T 9% to 9.10 
and at 7 8.97 in the respective amines. The corresponding chemical shifts in the com- 
pounds of the group D were T 9.04 to 9% and 7 8.93 to 8.96, respectively, which 
were almost the same as the above-mentioned values. Therefore, these signals were 
assigned to both the 26- and 21-Me protons. The remaining one doublet should be 
assigned to the 18-Me protons. While the 18-Me signals thus assigned varied 
depending on substituents at C-l 1, those were expected to. remain unchanged by 
alteration of N-substituents. In fact, it was the case as shown in Table 3. 

The contribution of several 1 I-substituents to the chemical shift of 18-Me protons 
is summarized in Table 4 and the following points should be noted for the compounds 
of the group C. (1) The deshielding effect (0.02 ppm) of the 1 l-CO group is negligibly 
small, indicating that the Me protons are located neither in the plane of the trigonal 
1 l-carbon atom nor in the conical region extending above and below the plane. This 
disposition offers further support for the previous configurational assignment to C-12 
and C-13”; that is, it is satisfied only when both the 12- and U-carbon atoms have 

” B. M. L&in and 0. Wintantciner, J. Amer. Chem. Sx. 77, S318 (1955). 
” In expectation of that evidaKa to support this assigmwnt may be obtained, the spcctm of uvcral 

compounds have been measured in a mixhm of dcutcraoroform and bcnax~ or in pyidinc. 
and the result will be pubtiohcd in the near future. 
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cr-oriented hydrogen atoms and the D ring possesses a sligh~y deformed chair confor- 
mation A discussed later. (2) In contrast to the ~n~butions for the lQ-Me protons, 
1 Ig_OH and OAc groups exhibited almost the same d~~eldi~g and skidding effects 
( -@l I and -WO3 ppm) for the 18-Me protons as the corresponding 1 la-groups 
(--099 and -!-0.07 ppm), although this does not always imply that the 18-Me group 
would have the similar steric relation for both the 1 IS_ and 1 la-OH groups. On the 
other hand, the deshielding effects of &OH (and fi-acetoxyl) groups at C-l 1 were re- 
markablysmall for the 18-Me group as compared with those(-@295and -0*205ppm) 
for the lQ-Me group, suggesting that the geometrical relation of the relevant groups at 
C-I 1 to the respective Me group isdifferent each other. In view of that the D ring is&- 
fused with the five-membered C ring, various couformations are possible for the D 
ring. Among them, the following two evocations A and B appear to be important. 

A a 

In A, the D ring has a slightly deformed chair form with the C-l 1-C-12 and C-g-C-14 
bonds being disposed equatorial and axial, respectively, in respect to the D ring. 
However, there would be severe non-bonded interaction between the 18-Me and the 
t l&OH groups. To relieve this interaction, the ring D would be deformed, with the 
C-17-C-20 bond fixed equatorial, in a way that the C-l f-C-I2 bond is oriented 
pseudo-axial and the C-8-C-14 bond ~ud~~torial. This defo~ation would 
lead to the boat form B, in which C-12 and C-16 correspond to a bowsprit and a 
flagpole. In this confo~~~oo B, there would be serious interference between the 
18-Me and 21-Me groups besides that between the axial hydrogen at C-16 and 1 l&OH 
group. Thus, it seems to us that i~uooxidoje~a~cs possessing an 1 l/?-OH group 
would take an inremediare structure between conformations A and B, which might 
probably rationalize the difference of the dcshielding effects in question. However, 
for want of any other experimental evidence supporting this structure, we prefer to 
leave the conformation of the D ring undefined. In relation to the above-mentioned 
discussion, the following fact is to be noted; photolysis of an ll-nitrite of 30,S 
diacetyl-1 I~-hydroxyiminooxidoje~-gene (XVIIIa) gave a lQ-oximino derivative, 
but no 18-oximino compound could be detected. to The contending reaction in the 
normal steroid, in which the 1 t&OH group exerts almost the same d~hielding effects 
(-0-258 and -@242 ppm) on the lQ- and l&Me groups** results in the formation 
of oximes at both C-19 and C-18.= 

EXPERIIMENTAC 

AI1 the m.ps arc utxo~. The homogeneity of each compound was always chbcked by pap# 
chromatography”* and/or by TLC on silica gel (Wakogel B-S), and the spots were developed with 
a bromophcnol blue indicator, and with c&c sulfate in dil H&O4 and I,, respactively. The oplical 
rotations and the WV spectra were measured at 23’ in 95% EtOH and in 99% EtOH, re~pactively, 

- H. Suginomc, N. Sato and T. Masamune. to be published. 
W I). H. R Barton and 3. M. Bcaton, f. Ame. Chest. Sot. S4, t99 (1962). 
*& T. Masamune, M. Tnkasugi, M, Gohda, H. SIIzuki, S. Kawaham and T. Irie, J- Qtg. Chum. 29, 

2282 (1954). rootnote 40. 
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unkss otherwise state& The ORD cwws were determined on a Nippon Bunko OMWV-5. in 
MeOH unkss otherwise stated, and all of the IR spectra on a Nippon Bunko 401-G spcctroph~ 
tometer in Nujol. The NMR spectra wcrc obtained on SI JEOL 3H-60 (6OMc). a Ovarian A-60 
(60 MC) and/or a Varian HMO0 (100 MC) spectrometer, CDCI, being used as a solvent. In most 
of the cases, 20-40 mg of the sampk was dived in about @4 ml of the solvent. In a few cases, 
howcvcr, only 3-S mg mattrial was available and the sampks were mfaurcd in a micro cell. The 
chemical shift data wcn given in ~-values and with TMS as an internal reference, and the precision 
was cstimatcd to bc within WY2 ppm. 

Freshly-distilled dicthykuc glycol(330 ml) containing Na P8 9) was heated to 130” and cooled. 
To this soln was added anhyd hydrazinc hydrate (45 ml), and the mixture was nfluxcd for a while 
and then cookd. After the addition of W (5.1 g), the entire mixture was heated at 180” for 48 hr. 
The condenser was rcmovcd and the soln was heated to 2@!?” to remove the cxcws hydrazinc. A 
condenser was replaced and the soln was akin heated for another 24 hr at the temp. The cooled 
soln was diluted with water and extracted with chf. The chf extracts were washed with water, drkd 
over Na&O, and cvaporatcd IO dryness. Rccrystallizalion of the crystalline residue (5.6g) from 
acetone-MeOil afforded a pure sample of IV (2.8 g), m.p. 248-W; [a)D -29.5”; IR, *_I 3300 
and 10550n-~. (Found: C, 78.55; H, 1@36; N, 3.22. CnH,O,N requires: C, 7840; H, 1048; 
N, 3-39x.) A further quantity of IV (I.2 p>, m.p. 239-241’, was obtained. 

The compound IV (99 mg) was treated with Ac.0 (1 ml) and pyridinc (1 ml) at room tcmp 
overnight and then hcatcd on a water bath for 30 min. After rcmoval of the solvcots, the residue 
crystal&d on Muration with 95% EtOH, and was recrystallized from the same solvent to yield 
IVa (91 mg), m.p. 179-181’; [I]~ i-18.50; IR, Ye.= 3634 (EtOH). 3530 (EtOH), 1727, 1646, 1264 
and 1030 cm-l. (Found: C, 72%; H, 9.57; N. 2.83. C,,~,OINC~H,O requires: C, 72.89; 
H, 9.82; N, 258x.) 

The compound IV (@SO g> was hydrogenated in the prcscncc of Adams’ Pt (0.20 @ at room tamp 
in AcOH, and W3 ml of Ht (193 moles) was absorbed for 8 hr. After removal of the catalyst and 
the solvent, the residue was diluted with water and then made alkaline @H 8.6) with 5% Na#CO,aq 
(15 ml). The ppu thus obtained (051 g.) were colkctcd by filtration. Recrystallization from acctonc- 
McOH gave V (0.17g). m.p. 231-232’; [aJD +2S.2” (M&H); IR, *Pa. 3548 and 1041 cm-l. 
(Found: C. 76~10; H, 10.22: N, 3.16. C,,H,,O,NCH,O requires: C. 76.34; H, 10.11; N. 3.31%). 
From the mother liquors, 0.13 g of V, m.p. 229-232”. was obtained. 

Acetylalion of V (59 mg) with Ac,O (0.9 ml) and pyridine (0.6 ml) afforded Va (42 mg), m.p. 
lSS-156” (from 95% EtOH): [z}~ +W4* (MeOH); IR, Y-.= 3622 (EtOH), 3510 (ErOH), 1723. 
1643, 1257 and 102O~m-~. (Found: C. 74.11; H, 9.15; N, 2.83. ~,H,,O,N+~C,H,O rquircs: 
C, 74.10; H, 9.24; N, 2.70x.) 

~27+&k?-I 7,23_oxi&jeroan-3-oJse (VI) 

To a soln of V (0.92 g) in DMF (27 ml) were gradually added 00, (92 mg) and cone Ha, 
(2 ml) under cooling. The soln was allowed to stand at room tcmp overnight. and 10% NaHSO,aq 
(18 ml) was then added to reduce the excess oxidizing agent. The mixture was extracted with chf, 
and the chf soln washed with water, dried and evaporated to M Rcuystallization of the 
crystalline residue from acetone gave a pure sampk of VI (@2S p$, m.p. 214-217”. From the mother 
liquors, crude V (0.33 g) of m.p. 207-209” was obtainal. The pure sample showed [aJD +4&P 
(h&OH); IR, I_.~ 1722 and 1030 cm-l; ORD, [+gp +2740+, [+1&y” -1180”. (Found: C, 
78.06; H, 10.04; N, 3+3t. C,,HyOIN++C,HIO squires: 78.00; H, 957; N, 3.19x.) 

Acc!ylation of VI (56 mg) as mentioned above afforded Via (49 mg), m.p, 22S-229° (from 9S% 
EIOH); IR. Y=,= 1716. and 1658 cm-*. (Found: C. 75.86; H. 9.35; N, 3.49. C,H,,O,N.fH,O 
requires: C, 7568; lI, 9.14; N, 3.28x.) 

The compound VI (190 mg) was dissolved in a mixture of tolucne (10 ml) and ethylene glycol 
(I .S ml), and to the soln was added ptolucncsu lfonic acid hydrate (PTS, 12 mg). The mixture was 

*’ L. I. Smith and K. Ii. Howard, Org. Sph. 24, 53 (1944). 
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rehxcd for 19 hr under stirring, water being runod under a Dean-Stock apparatus. After &g 
the mixture was washed witi S% NaHCO,aq and then with water, dried and evaporated to dryocas, 
yielding a crystalline residue. Recrystallizations from ether-isopropyl ethr gave an analytkal 
sampk of VIb (41 mg). m.p. 188-190”; IR, *_.x I1 14,1097,1060 and994 an-‘. (Found: C, 7S.86; 
H. 10.36; N. 3.23. C,,H,,O,N requira: C, 76.10; H, 10.35; N. 3.06x.) 

22,27-Im&~17,23sxldojrrwnc (I) 

To a diethykne glycol soln (20 ml) containing KOH (2.0 g) and 80% aqueous hydrazinc (1.5 ml) 
was added VI (180 mg) dissolved in EtOH (2.0 ml). The soln was refluxcd at 126” for 1.5 hr and 
then heated to distill the excess hydrazinc, until the tcmp of the soln rose up to 2W. The sdn 
was rciluxed at the tcmp for 2 hr. cooled, diluted with water and extracted with ether. The ether 
solo yielded a crystalhoe substance, after being washed with water and drkd. On razystallizatioo 
from EtOH. I (92 mg), mp. 169-170”. was obtained; (a]n -1-41.2” (MeOH). (Found: C. 81.27; 
H, 1190; N. 3.62. C,,H,,ON requires: C, 81.14; H. 11.35; N, 3Sl”/,) 

Aatylation of I (100 mg) gave Ia (80 mg). m.p. 213-215” (from acetone); II& v-x 1678 cm-*. 
(Found: C. 78.95; H, 1@45; N. 3.30. C,,H,,O,N requires: C. 78.86; H, 1073; N, 3.17y) 

22,27-Imijs+ 17,23-ox&Jerv4~-3.o~ (VII) 

A solo of IV (770 mg) in tolucne (1s ml, redistilled) and dry cyclobcxanonc (IS ml, rcdistilkd) 
was heated to distil about 70 ml of tolucne to dry the system. To the stirred, rcfluxing solo was 
added a suspended mixture of ahuninum isopropoxidc (3.0 g) in toluene (1s ml. rcdistilkd), and the 
mixture rcfluxcd for 7 hr. After being cooled. the mixture was distilled with steam until most of the 
solvents had been removed, and the residue was extracted repeatedly with chf. The chf sok was 
evaporated to dryness In UUCLW after drying and left a yellow ruin, which was rarystalhred from 
acetone. Recrystallization from aatonoMcOH afforded VII (IX) mg), m.p. 116-I 17”; [ab +8S6” 
(M&H); UV, A,., 2335 mp (E 24.400); IR, x-.x 33S2, 1682, 1614 and 1038cm-I. (Found: 
C.7668; H, 9.61; N. 3.43. C,,H,,O,NCH,O requires: C, 76.49; H.940; N, 3.19%) A further 
quantity (70 mg) of crude VII was obtained from the resinous mother liquors by trituratioo with 
water. 

Aoctylation of VII (80 mg) was carried out as usual, and VIIa (SO mg>. m.p. 217-219”. was 
obtained after recrystallization from ether; UV, Lx 233 mp (c 26,700); IR, xIti 1677, 1612, 1040 
cm-‘. (Found: C, 77.32; H, 997; N. 3.20. C,,H,,O,N requires: C, 7746; H, 8.74; N, 3.13%) 

22.27-Imi~-17,23-oxhio-S,!hJenwn-3-otw (VIII) 

The compound VIl (400 mg) in @02N alkaline ethanol (14 ml) was hydrogenated at room tanp 
over S% WC (SC0 mg>. The hydrogenation was stopped after 1.5 hr, at which time 24 ml of 
H (1.4 moks) had been taken up. The soln was ncutralired with AcCH and then evaporated to 
dryness In wcuo. The residue was diluted with water, made alkaline to pH 9 with 6N NH,OH and 
extracted with chf. The chf soln afforded, after drying and removal of the solvent, a yellow resin. 
which crystalli;wl on trituration with aatonc. On rccrystallixation from aatone, a pure sampk of 
VIII (240 mg). m.p. 198~200”, was isolated as plates. and a further quantity (40 mg) of crude VIII, 
m.p. 19S-198”. was obtained by concentration of the mother liquors. The pure sample showed 
[aIn +S8*7”(McOH); IR. r,,3324. 1720, IOjo~m-‘; ORD, [4&y t26S”. [dz’ +234W. 
(Found: C, 7896; H. 9-74; N, 3.32. C,,H,O,N*)C,H,O requires: C. 78a; H. 957; N, 3*19%.) 

The compound VIII (170 mg) was dissolved io tolucnc (10 ml) containing PTS (8S mg) and 
ethyknc glycol (I.5 ml), and the soln was stirred and nfluxed for 16 hr under a Dean-Stock oppa- 
ratus. Tbc -ion was worked up as mentioned above, and VIIIa (10s mg), m.p. 189-191”. was 
obtained after recrystallization from ether-isopropyl ether; IR. v-x 1096, 1080, 1OSO and 
104Ocm-a. (Found: C, 7S.88; H, 10.36; N, 3.49. C&,,O,N requires: C. 76.10; H, 1@3S: 
N. 3.06%) 

22,27-ImWl7,23-oxi&S,!+n~ne (IX) 

CompoundVIIIwasreduadinamannersimilartoVI; from23OmgofVIIIwasobtainul 
ISO mg of IX. m.p. 149-1Sl’ (from ether); [a]n +36*3” (MeOH). (Found: C, El-41 ; H. 11-i 
N, 3.41. C,,H,ON requires: C. 81.14; H, 11.X; N. 351x.) 
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The compound IX (75 mg) was acctylatcd with pyridinc (l+O ml) and AGO (@8 ml) at room 
tcmp overnight, and gave IXa (SO rng), m.p. 190-193’ (from acetone); IR, r,,, 1641 cm-l. (Found: 
C, 7865; H, 10.93; N, 391. C,,H,,O,N rcquiru: C, 78.86; H, 10-73; N, 3.17x.) 

~7-1wtin+17,23-0xti~rm4,12-dien-3-o~ (“A’-1 l-&oxo/emo~“, XII) 

The Oppcnauer oxidation of XI’ was similar to that of IV; a soln of Xl (4-Og) in dry tolucnc 
was treated with dry cyclobcxanonc (500) in tho ptucna of aluminum isopropoxidc (3-O g). arid 
XII (3.1 g>, m.p. 21@-212°, was isolated after recrystallization from acetone; IR, v-.x 1671, 1611, 
1021 cm-*. (Found: C, 78.88; H. 940; N, 3.6s. CnH,,OIN mquircs: C, 79.17; H, 9.60; N, 
3.42%.) 

The compound XII (0.10 9, was heated with AC@ (1 ml) and pyridine (1 ml) for 3 hr on a steam 
bath. After removal of the solvents by azotropization with benzene, the residue was crysulrtitbd 
from aqueous McOH and then rcaystallizcd from the same solvent to yidd XIIa (Some), m.p. 
182-M’. (Found: C, 77.00; H, 9.34; N, 3.28. &H,,O,N rcquins: C, 77.12; H, 9.15; N, 
3*10%.) 

~27-I~l7,U-oxidojtrPl2-crr-3-onc (XIII) 

To a refllaing soln of liquid NH, (100 ml) contain@ Li (46 mg) was added XII (SO0 mg) in 
dioxan (30 ml, redistilled) under stirring, and the mixture was continuously stirred for 8 min. 
NH&l was added and tbc rcaulting colorless mixtum was kept at room tcmp to remove the NH.. 
The residue was diluted with water and shaken with chf repeatedly. The chf solo kft a naiaous 
aubstanca after drying and rwnoval of tho solvent, which crystallized on trituration with AcQEt. 
Recrystallization from the same solvent a&&cd XIII (340 mg>, m.p. 17S-177”; IR, vu= 1705 and 
1033 cm-‘; ORD, [#kT’ + 1230”. (+I’* -214oa. (Fourxi: C, 78.95; H, P*PS; N, 3.30. 
C,,H.,O,N requires: C, 78.78; H, 10+4; N, 3.40x.) 

The ketone XTlI (1OOmg) was acetylatcd in a manner simiiar to XII sod gave XIIIa (Some), 
m.p. 198-201° (from aqueous Et0l-Q. (Found: C. 76.49; H, 9.70; N, 3.22. GJ&,O,N requires: 
C, 76.78; H, 9.5s; N, 3.09x.) 

22,27-ImiM7,23-~x~~jtM2-c~te (XIV) 

The compound XXV was prepared by the Wolff-Kishncr reduction of XIII practkally in tbc same 
way as I was obtained from VI; from 207 mg of XIII, XIV (100 mg) was obtained and had m.p. 
8-7’ (from 95% EtOH); IR, t.,= 337s and 1034 cm-l. (Found: C, 81.30; H. 1@80; N, 340 
C&i,,ON requires: C, 81.55; H. 1090; N, 352x.) 

The compound XIII (1.12g) was treated with NaBH, @Sag) for 15hr at room tcmp in abs 
EtOH under stirring. After decomposition of the excess NaBH, with acetone, tha soln was tvap 
oratedtodrymsandthtnsidue~nwithchlrndwater. ~~~~~~a~~~~ 
on drying and removal of the solvent, which was rcaystallizcd from acctooc to yield XV (0+79 g), 
m.p. 171-173’; IR, Y-Z 3300 and 1040 cm-‘. (Found: C, 78.65; H, 10-30; N, 3.22; C,,l&,O,N 
requires: C, 7840; H, 1048; N, 3.39’/,.) 

The alcohol XV (1.06 S, was trcatal with A&O (II m) and pyridinc (10 ml) on a steam bath for 
1 hr. The mixture was worked up as usual, and a pure sample of XV8 (0.86 3, m.p. 193-1Pp (from 
aqueous M&M), was obtained; IR, *_I 1733, 1669 and 1027 an”‘, (Found: C, 7458; H, 9.47; 
N. 2.66. C,,H,,O,N requires: C. 74.81; H, 952: N, 2.81x.) 

‘Ihe compound XII (1.46 g) was hydrmtcd over 5% PdC at room tanp in EtOH (711 ml) 
aod%mlofH,(1.2mol)mrscolwmodafttr3tu. Atterrcmovalofthccatalystandthcsolvcnt, 
the residue was dissolved in A&Et. On conaotration and sccdiog with XXII, the soIn yielded a crys- 
talline substance (0.17 g>, which was colkztul by filtration and had xn.p. 16>171*. RczrystalIiz&ioo 
from A&Et raimi the m.p. to 174-176”. and the sampIe (@12 @ was identitkd as XEl by the mix- 
ture m.p. and by comparison of the IR spcctm. ARcr removal of the aude sampk of XIII by 

l 1 Carried auf by Akio Murai. 
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tiltration, Ihe hltratc was furtk coooentratcd to yield a crystalline suhtaoa (086g). m.p. 2Ol- 
204’. Recrystallization from AcOEt afforded a pure sample of XVI (048 3, mp. 208-210”; IR; 
D_.= 1726 and 1032cm-i; ORD. [+gzY” -3SOO”. [#I=’ -30’. (Found: C, 78.56; H, 1@18; 
N, 3.56. C,,H,,O,N requires: C. 78.78; H. 1004; N, 340x.) 

The compound XVI (100 mg) was treated with Ac,O (1 ml) and pyridinc (1 ml) on a steam bath 
for 3 hr. and the mixture was worked up as usual. Rccxystallization from McOHaq yielded the 
N-acetyl derivative (6Omg), m.p. 198-u)o”; IR, *Ias 1721 and 1663cm-i. (Found: C, 76.89; 
H, 9.76; N, 3.00. C,,bO,N rquims: C, 76.78; H, 9.55; N, 3.09%) 

~27-lmino-l7,U-ox~S~8-/cn\-123nc (XVII) 

The Wolff-Kishncr reduction of XVI was similar to that of XIII; from 200 mg of XV& XVIL 
(70 mg) was obtained and had m.p. lCGlO2” (from EtOH); IR, *,,.x 3S80 and 1030 cm-i. (Found: 
C. 81.78; H. 1068; N. 3.42. C,,bON rcquircs: C, 81.5s; H. 1@90; N, 3.52%) 

~27-Inrlno-17.U-0xi&/enr-kru-3~,1 l&a701 (XVIII) 

To a soln of II’ (2.0 g) in dry THF (90 ml) was added LAH (1.5 g) in THF (20 ml), and the 
mixture was rcfluxcd for 10 hr under N,. The mixture was cautiously treated with EtOH (S ml) 
and water (5 ml). and liltercd. The tiltrate was evaporated in WCI(O and shaken with water and 
chf. The chf soln was washed with water. dried and evaporated to yield a crystalline substana. 
Recrystallization from a&one containing a small amount of MeOH afforded XVIII (1.6 s>, m.p. 
239-240’; [a]n -5”; IR, no absorption in the CO region. (Found: C, 711.48; H, lOQ9; N. 3.26. 
C,,H,,O,N requires: C. 7S.67; H. 1@19; N, 3.16x.) 

Compound XVIII (100 mg) was trcatcd with Ac,O (0.8 ml) and pyridioc (08 ml) at room tanp 
for 3 hr. Ofter removal of the solvents by amotropixation with bcnrcne under reduad press, the 
residue was treated with water and chf. The chf soln was washed with water, dried and evaporated 
to yield a resin. which was crystallized on trituration with ether and amounted to 70 mg. Rccrystal- 
lization from cthcr gave XVIIJa (SO mg>. m.p. 206207”: [=]a $14”; IR. t=.x 3320. 1733 and 
1620~~~~. (Found: C, 72.51; H, 9.16; N, 2.73. C&HI,OLN requires: C, 72.32; H, 9.31; N. 
2.91%) 

Compound XVIII (lo0 mg) was heated with AhO (I.0 ml) and pyridim (1.0 ml) for 24 hr on a 
water bath. The soln was worked up as usual and yielded XVIUb (70 mg), m.p. 219-221”; (from 
MeOH); [ah, +S2”; IR, tms 1730 and 162Ocm-‘. (Found: C, 71.28; H, 8.89; N, 2S2. 
C,,HuO,N requires: C, 71.32; H, 8.89; N, 2.112%) 

To a solo of XVIIJa (30 mg) in acetone (redistilled over KMnO,) was added two drops of Jones’ 
rc.agcnP (ca. 0.0s mol). and the mixture was stirred under cooling for 1 hr. After &composition of 
the excess CrO, by addition of 10% NaHSO,aq followed by removal of the solvent. the residue 
was made alkaline with S% NaHCO,aq and was repeatedly extracted with chf. On drying and 
removal of the solvent. the chf solo kft a resinous substance, which was crystallimd on trituration 
with ether. Rcaystallization from EtOH gave a crystalline substaoa (20 mg), m.p. 21&212”, which 
was ickntitkd as Ha’ by the mixed m.p. and by comparison of the IR spaztm. 

22,27-Imin~l7.23-oxidojcr&m-ll~-ol-3-one (XIX) 

The Oppcnauer oxidation of XVIII was similar to that of IV; a soln of XVIII (1.4g) in dry 
toluenc (500 ml) was rclluxcd with dry cyclohexanonc (oa. 1S ml) in the presence of aluminum 
isopropoxidc (3-O g) for 9 hr. The mixture was worked up as usual and left a ruinous substance. 
which ~stallimd on addition of AcOEt. Rccrystallizatioo from AcOEt afforded XIX (@7 g>, mp. 
231-232”; [z]n $80’; UV, &.x 238 rnp (~21.400); IR. vO,x 3S60, 3220 and 1665 an-‘. (Found: 
C, 7S.87; H, 966; H, 3.28. C”H,,O,N requires: C. 75.88; H, 9.67; N, 2.9S%.) 

The compound XIX (100 mg) was acztylatcd with Ac,O (@8 ml) and pyridino (@8 ml) on a water 
bath for 24 hr and gave XIXa (60 mg), m.p. 22S-228’ (from ether); [I&, + 129’; UV. &.. 238 mCc 
(e17.1@3); IR, “mx 1730, 1672 and 1639 cm-‘. (Found: C. 72.67; H. 8.98; N, 2.73. C,,H,,O,N 
requires: C. 72.55; H, 8.83; N. 2*7S%.) 

~27-Imino-17.23-oxldojmMn-11~-ol-3-oru (XX) 

The compound XIX (0.49 g) was hydrmtcd over S% Pd-C at room tunp in EtOH (SO ml), 
and 32 ml of H, (I.2 moks) was taken up after IS hr. The mixture was worked up as usual and 

w K. Bow&n, I. M. Heilbron. E. R. H. Jones and B. C. L. Woedon, J. C!ienr. tic. 39 (1946). 
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gava a crystalline substance (@35@. mp. 240-W. Ntion from AcOEt afIordcd Xx 
(@25 3, m.p. 25&2S1°; [x]n -19.9; ORD (95% EtOH), [d= +2ooo”. [#IF -60”. (Found: 
C. 75.61; Ii, 994; N, 3.49. C,,H,,O,N rquires: C. 7S48; H, 10.00; N, 3.26%) 

(1) To a soln of XX (230 mg) in DMF (33 ml) wtre added CrOx (230 mg) and COM: H&IO, 
(6dr~)undercooling.~tbemixturewPss~atroomtcmpfor2days. Tbcsolnwaatreated 
with 10% NaH!3O,aq to dcannpox tha exam 00,. made alkabnc with 10% Na,CO,aq and 
extmctcd with 3 separate portions of chf (30 ml each). The chf soln kft a resinous wbstanre on 
drying and evaporation. which showed two spots (R, 0.8 and 0.3) on tha paper clu~togram.‘* 
When the residue was dissolved in AcOEt and allowod to stand at room temp. 10 mg of a subatana, 
having m.p. ~280” and R, @3. separated as crystals. The mother liquor after removal of tba sub- 
starxcc by tUtration was concentrated and gave crude XXI, which showad ona spot (R, @8) on the 
paper chromatogram. Rccrystalliration from A&Et atforded a pure sampk of XXI (9Omgh 
m.p. 199-201”; IR. x-x 1734 and 1725 cm-i. (Found: C, 7589; H, 9.82; N. 3.24. Cnl&iO,N 
rquim: C, 75.83; H. 966; H, 3.28%.) 

(2) Compound XXW(460 mg) was oxidized as mentioned above and yielded a diketonc (24Omg). 
m.p. 198-201’. (from AcOEt). which was identitkd as XXI by the mixture m.p. and by comparison 
of the IR spectra. 

Acntylation of XXI (30 mg) as usual yielded XXIa (20 mg), m.p. 269-271°(from ether): IR. x-x, 
1734.1725 and 164Oa+. (Found: C, 74.13; H, 9.31; N. 2.88. C,&O,N requires: C, 74.16; H 
9.23; N, 2.98 %.) 

2~7-In~&-l7,23-0xldojcrpkru-3~, 11 z-dial (“&fiby&oJemid’, XXII) 

The compound XXII (4.8 g> was prepared from II* (69 s> and had m.p. 284-285” after rccrystal- 
lization from MeOH; [z]n -5.2’; IR, no absorption in the CO region. (Found: C. 75.35; H. 
lOG3; N. 3.19. Calc. forC,,li,,O,N; C, 7S48; H, 1009; N, 3.26%) 

Compound XXIIa (75 mg) was obtained by trca(mcnt of XXII (90 mg) with An,0 and pyridim 
at room temp for 3 hr and had m.p. 233-235” on muystahization from ether; [a), +31’; IR, xIu 
3370, 1732, 1629 and 12tOcm-‘. (Found: C, 7240; H. 9.38; N, 2.91. C,iH,,O,N rquim: C. 
72.51; H, 9.16; N. 2.78%.) 

The oxidation of XXIIa (50 mg) to IIa was similar to that of XVIIIa mentionad above. and the 
main product (25 mg), m.p. 2lCL212’ (from EtOH). proved to be identical with Ha in all mpccts. 

Compound XXIIb (70 mg) was prepared by heating XXII (100 mg) with An,0 and pyridine on 
a water bath for 6 hr and had m.p. 247-248” on recrystallization from McOHaq; [z]n i27”; IR. 
v-x 1729, 1724. 1639 and 124Ocm-i. (Found: C, 71.24; H, 8.63; N, 2.61. C,,H,,N,O rquim: 
C, 71.32; H. 8.89; N. 2S2%.) 

22,27-Itni~~-17,23-oxi&Jetx4-en-1 I a-o&one (XXIII) 

The Oppcnauer oxidation of XXII was similar to that of IV; a soln of XXII (4.0 @ in dry tohbcne 
(SSO ml) was rcfluxcd with dry cyclohuanorte (ca. 20 ml) in the pm of aluminum isopropoxidc 
(49 g> for 9 hr. and XXIII (2.1 @. m.p. 214-216”. was obtained after mrystalliration from A&Et; 
[ah +98’; UV, &.x 238 rnp (6 17,100); IR, *-x 3340 and 1671 cm-i. (Found: C, 7SS2; H. 
100; N, 3.38. C,,H,,O,N rquires: C. 7S.87; H. 966; N, 3.28%) 

Compound XXIlIa (60 mg) was prepared by heating XXIII (100 mg) with An.0 (19 ml) and 
pyridinc (14 ml) on a water bath for 6 hr. and had m.p. 225-228” (from MaOH); [ah, + 118’; UV. 
&... 238 rnp (6 19,400); IR, *mm= 1733, 1639 and 12SO cm-‘. (Found: C, 72.29; H, 8.81; N, 2.80. 
C,,H,,O,N rquim: C, 72.67; H, 8.98; N, 2.73%) 

The compound XXIII (IS g) in EtOH (210 ml) containing KOH (0.7 s> was hydrogenated over 
5%Pd-C(@15g)atrocmtempand90mlofH,(1~2m&a)wastakenupafter45min. Themixture 
was worked up as usual and audo XXIV (0.9 g), m.p. 24&W’, was obtained. RazysWization 
fromAcOEtaffordadapurrumpleof~(06g).m.p.~~1°; [ah, +70”; IR,r,, 1709an-*; 
ORD (95% EtOH), [dip +14”, [d]e +17ooO. (Found: C, 7S.34; H, 1016; N. 344. 
G,H,O,N rquircs: C. 7548; H. 1009; N. 3.26%.) 
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compoUnd XXlVa (50 mg.l was prepared by treatment of XXfV (1OOmg) with Ac,O (lbtnl) 
and pyridina (1.0 ml) at room temp overnight and had m.p. 223-225” after recrystallization froln 
ether containing a small amount of MeOH; [alo +39’; IR, vmx 1735, 1710 and 1640 an-r. 
(Found: C. 7248; H, 9.13; N, 2.71. C,iH,,O,N requires: C, 7248; H, 9.22; N, 2.73%) 

22,27-Im&so-l7,23-ox&-S@J~-3,1 I-a%ne (XXV) 

To a solo of XXIV (@50 g) in DMF were added CrO, (1.8 g.) ti cone H,SO, (30 drops) under 
cooling, and the mixture kept at room temp for 48 hr under stirring. The reaction product was work& 
up as usual and crude XXV (@25 3, m.p. 164-17~. was obtained. Recrystallixatioo fran ether- 
acetone gavu a pure sample (B2Og). m.p. 183-185”; [x)0 -4.6’; IR, v,,.= 1725 and 1713 cm-t. 
(Fouod: C, 75.88; H, 9.79; N. 3.26. C&,,,OaN requires: C, 7583; H, 9.66; N, 3.28%) 

Compound XXVa (42 mg) was pmpared by treatment of XXV (60 mg) with AC,0 (O-S ml) and 
pytidine (0.5 ml) at room temp overnight, and had m.p. 236238” after -lion from e&r- 
acetone; [xk +l6’; IR, v.,~ 1725, 1710 and 164Ocm-‘. (Found: C, 74.17; H, 9.23; N, 2.88. 
C,,H,O,N requirea: C, 74-16; H, 9.29; N, 298x.) 

(1) A soln of XXV (30 mg) in EtoH (20 ml) was treated with KOH (160 mg) in the presenos of 
pm-reduocd Adams’ catalyst (150 mg) at room tanp for 4 hr under N,. The mixture was worked 
up as usual and kft a resin, which crystallized on addition of acetone. Recrystalliratioo from the 
same solvent gave XXIX (21 mg), mp. 273-275”; [a)n -6.5’; IR. vmrx 3200 and 1730 an-i. 
(Found: C, 75.35; H, 10.18; N, 3%. C,,H,O,N requires: C, 75.48; H, l&09; N, 326’/,) 

(2) The compound XXV (70 mg) was nfluxcd io 20% cthanolic KOH solo for 10 hr under a 
stream of N,. Afkr removal of the solvent In wcw. the residue was diluted with water and ex- 
tracted with chf. The chf solo left a resin after drying and evaporation, which was dissolved in 
MeOH-acctone and allowed to stand at room temp. 
and wart colkctcd by filtration. mp. 264-270”. 

Cntdc crystals of XXIX (30 mg) separated out 
Raxystalliration from aa-tone yickkd a pure 

sample (21 mg), m.p. 273-275”. 
(3) Compound XXXlI (100 mg) described later was hydrogenated in the presence of prrcreduced 

Adams’ catalyst (40 mg) at room temp io EtOH (14 ml) cootining KOH (50 mg), and 10 ml of 
H, (l-2 moks) was consumul after 5 hr. The mixture was worked up as usual and kft a resin, 
which crystallized on trituration with AcOEt. Rccrystallixation from aoetone gave XXIX (5s mg), 
m.p. 271-27P. 

Compound XXIXa (30 mg) was prepared from XXlX (50 mg) in the usual mamur and had 
m.p. 197-199” (from eutone); [xk f40.00; IR, y-X 1730, 1240 aod 104Ocm-‘. (Found: C. 
72-38; H, 9.20; N, 2.63. CJ&,O,N rquins: C, 72.48; H, 9.22; N, 2.73%) 

The compound XXlX (3Omg) was oxidixed with Jones’ reagent as mentioned previously and 
yklded XXV (20 mg). m.p. 184-185’ (from ether-acetone). 

(1) A solo of XXX’ (5*26g) in EtOH (110 ml) was hydrogenated io the presence of 5% PdC 
(5.26 g) at room tanp and 358 ml of H, was taken up after 5.5 hr. After titration of the catalyst 
and removal of the solvent b wtyo, the residue was crystallized on trituratioo with A&Et. Re- 
crystallization from AcOEt gave as the first crop a mixture (l*lOg). m.p. 164-166°, of XXXI and 
XXXII. Whii XXXI and XXXll gave practically the same spot on the paper chrcxnatogmm,w they 
showed different R, values @5 and b49 oo the TLC (solvent, ether). Two recrystallimtions of the 
mixture from the same solvent gave a siogk substanoe (@62 g) having m.p. 205-208’ sod a R, value 
of 0.5. which was further recrystallized to yield an analytical sample of XXX& m.p. 20%Zl(r; 
[ak - 1 lo”; W, &,. 248 mir (8 16,ooO); IR, vu= 1703. 1630 and 96Ocm-i. (Found: C, 7644; 
H, 9.25; N, 3.14. GH,O*N rquiru: C, 76.23; H, 9-18; N, 3.29%) 

The mother liquor after removal of the above-men tioned first crop was concentrated to yield a 
mixture (1.599, m.p. 1%157”. of XXXI and XXXlI, which resisted furtlu?r purifkation by 
raxystalliratioo. The fUrate obtained on filtration of the second crop was further ccmamtratad to 
yield the third crop (l-47 g>, m.p. 204-2f36°. which showed one spot (R, 04s). Two recrystallizations 
afforded an analytical sampk of XXXlI, mp. 208-210’; [a)D -80”; W, &., 248 m(r (e l6,ooO); 

IR. ‘aax 1710and 1628 cm-i. (Found: C, 76.14: H, 9.16: N. 3.18. CItHnO.N requires: C, 76.23; 



Syntheses and NMR spectra of 22,27-imi~l7,23-oxido~ cbtivativca 1611 

H, 9.18; N, 3*29x.) The titrate obtained on removal of the third crop was cvmporafcd to dfynas, 
k&rig a qsfalhe substance (a55 3, m.p. 18GlW, which consisted mainly of XXXI and XXXII 
and could oat be pur&cd by recrystallization. 

The compound XXXI (90 mg) was aatylatui as usual and yielded XXXia (75 mg), m.p. 22% 
231” (from aoetonc); UV, Lx 249 rnp (a 18,090); II& rur 1718, 1708 and 163Ocmi. (Found: 
C, 74.38; H, 8.89; N. 266. C,,H,,O,N requires: C, 7432; H, 8.78; N. 2997) 

The compound XXXII (80 mg) was aatylated as usual and yielded XXXIIa (70 mg), mp. 
192-194O (from acetone); UV, &,., 258 rnp (6 17.ooO); IR, *,,,*s 1710 and 1633 cm-t. (Found: 
C. 74.80; H, 856; N, 2.95. C,,H,,O,N mquiru: C, 74.52; H, 8.78; N. 299x.) 

The compound XXXII (3,tOg) was dissolved in toluene (16Oml) containing PTS (@32 g) and 
ethylene glycol (6.5 ml). and the soln was rcfluxed for 20 hr under a Dean-Stock apparatus. The 
rcacfion mixture was worked up as usual and XXXIIb (2.88 g) was obtained on recrystallization 
from isopropyl ether, having m.p. 21&W; [a)n -83’; IR, vmS 1710,1630, 1090 and 1055 cm-‘. 
(Found: C, 73.96; H. 9.10; N, 3.01. C,,&O,N requires: C, 74,Kt; H, 9.17; N, 299:/,.) 

(2) The compound XXX1 was obtained by oxidation of XXXV described later; to a soln of 
XXXV (200 mg) in DMF (30 ml) were added CtOI (250 mg) and cone H$O, (9 drops), and the solo 
was stirred at room temp for 44 hr. The reaction mixture was worked up as usual and yielded a ruin 
which crysfallizcd on trituration with AcOEf. Rcaysfailinrtion from AcOEt aIIo&d XXXI (84 mg). 
m.p. 205~208”, which was idenrificd by mixed m.p.. comparison of tk IR spactra and by fhc 
TLC. 

Z2,27-1~~17,Uox~&j~~,12~en-11&0~-3-0~ (XXXIV) 

The Oppcnaucr oxidation of XXXIIP was simiiar to that of IV. A soln of XXXW (3.12 g) in 
dry toluenc (600 ml) was refluxcd with dry cyclohexanone (40 ml) in the presence of aluminum iso- 
propoxide (3.5 g) for 7 hr. The reaction mixture was worked up as usual and gave a resin, which 
was crystallized on trituration with acetone. Repeated rccrystallizations atTordcd a crystalline sub- 
sfaana (1.32 g), m.p. 248-250’. Further rccrystallimtion from aatone afforded an analytical sample 
of XXXIV, m.p. 248~250’: [alo -4“; IJV, &,., 237 rnp (u 23,aoO); IR, pm,= 3400,1670,1620 and 
105Ocm-*. (Found: C, 76.11; II, 9.42; N, 337. C,,H,,O,N requires: C, 76.23; H. 9.18; N, 
3.29x.) The mother liquon obtained on removal of the crystalline subsfance mentioned above 
were combined, cvaporatcd to dryness and amounted to 1.0s g, having m.p. 180-190”. The nsulting 
subsfancr was found to consist mainly of XXXIV by TLC, but was not further purified. 

U,27-fmino-17,230xidojcrp12-e~-1 if-&3-one (XXXV) 

To a soln of liquid (80 ml) containing ti (100 mg) was added XXXIV (0+3 g) in dioxao (10 ml) 
under stirring and cooling with dry icz-acetone, and the mixture was further stirred for 3Omin. 
After addition of NH,CI (1.0 g) and evaporation of the solvents, the residue was exfracfcd with cl& 
The chf soln gave a resinous substance after drying and evaptuation, which crystahizzd on addition 
of AcOEf. Rccrystallitafion from A&Et afforded XXXV (O.lSg). m.p. 235-237”; [xh, -60”; 

IR tm*x 3400, 1707 and 1040 cm-*; ORD, (dioxan). [+e -i-470”, [+]=a -3680”. (Found: C, 
7572; H. 9.69; N, 3.16; C,&iO,?1 rquircs: C, 7588; H, 960; N, 3.28%) 

Alkaline freatrr~nt of 22.27~imino- 17,23-oxi&-S/3-jerv- 12-e~3_onc (XXXII) 

(I) To f-bufanol (40 ml) containing potassium t-bufoxidc (prrparcd from 1.6 g K) was added 
XXX11 (0.1 g) in f-butanoi (8 ml), and the soIn was rcfluxcd for 1 hr in a stream of N,. After cooling. 
the mixture was diluti with wafer (120 ml) and extract& 3 separate portions of chf(30 ml each). The 
chf soin gave a t&n after being washed with water, dried and evaporated to dryness under nduczd 
press. The ruin was crystallimd when dissolved in acetone and allowed to stand at room temp. 
and was collected by filtration. The aystalline substance, m.p. 204-207”. amounted to 83 mg and 
was identified 8s the starting material XXXIi in all rcs~s. The mother liquor showed the w 
spot and IR spectrum as XXXII after evaporation to drytxss. 

(2) A soln of XXXII (100 mg) in EfOH (2s ml) containing KOH (5.0 g) was r&mod for 20 hr 
under a stream of N,. After removal of the solvent under reduced press. the &due was shaken with 
water and chf. The chf soln left a ruin after drying and evaporation, which showed 2 spots on the 
paper chromatogram, and was ~ro~t~ph~ on acid-washed alumina (2@g). While fractions 
clufed with a mixture of ether and chf (3: 1) cunsistcd mainly of fhe starting material (checked by 
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the paper cbromatogram and by the IR spaztnun), those elutcd with chf gave a crystalline substance, 
which was ruxys!alliz.cd from acetone IO yield XXXVl (30mg), m.p. 284-285”; [ah, -64’; UV. 
a 2% rnp (6 12,700). (Found: C. 7983; H. 966; N. 3.27. C,,H,,O,N requires: C. 7602; 
H:;79; N, 3.28 %.) 

The axnpound XXXVI (90 mg) was acetylated as usual and yielded XXXVIa (70 mg). m.p. 
202-205” (from acetone); [a)n -26”; UV, A,,, 248 m/l (6 15.100). (Found: C, 7266; H, 8.83; 
N, 2.70. C,,H,,O,N requires: C, 72.76; H. 8.86; N. 2.74x.) 

The compound XXXVI (26 mg) was oxidized with Jones’ reagent and yielded XXXII (15 mg). 
m.p. 2O8-210’ (from acetone-ether). which was identified by mixture m.p.. comparison of the IR 
spectra and by TLC. 
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