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Abat&- The tsolatton and structural cluadatton of ten nm alkalotds from rhc “addtttonal weak bases” 

fractton of Bu.xur smrpervrrenr 1.. arc reported. A structural feature common to t&t of the new alkalotds 

IS the presence of a secondary bcnramtdc functton at the C-3 posmon. Evidence ts presented for assign- 

ment d structures for N-bcnzoyicycloxobuxine-F (I). N-bcnzoylcycloxobuxidine-f (Xa). N-benzoyl- 

dihydrocyclomtcrophylline-F (XII), N-bcnzoylcycloxobuxoIlne_F (XV). N-benzoyl-O-acctykycloxobuxo- 

Ime-): (XVI). N-benroylbuxtdtcmnc-F (XIX). N-bcnroylcycloprotobuxolmc-D (XXllla), N-bcnzoyl- 

cycloprotobuxolmcC (XXXlllb). ttgloylcyclovtrobuxeIne-8 (XXIXb), and N-acctylcycloprotobuxme-D 

(XXXC) 

IN 1962. we reported the elucidation of slructurcz and configuration3 of cyclo- 
buxine-D. an alkaloid isolated from Buxus sempemirem L.* Cyclobuxine-D was 
shown to be the prototype of a new class of steroidal alkaloids which contain a 
cyclopropane ring and which have a substitution pattern at C4 and C-14 which is 
intermediate in the biogenetic scheme, between lanostcrol and cholesterol-type 
steroids. Subsequent studies have characterized many structurally related alkaloids. 
from a variety of Buxus species. ” ‘-’ The present report describes the isolation and 
structural elucidation of ten new Euxus alkaloids. eight of which possess a secondary 
benzamidc function at the C-3 position. 

The new alkaloids were isolated from the “additional weak bases” fraction of the 
alkaloids of Ewus semperciretu L. obtained by the procedure described earlier.‘* 
Absorption chromatography of the I :I benzene-Skcllysolvc B soluble material on 
basic alumina yielded six fractions. Each chromatographic fraction was further 
separated by partition chromatography.’ The second fraction yielded N-benzoyl- 
c~cloprocohuxoline-C. C,,H,,N,02. The third fraction gave tigloyfcycfocirobuxeine- 
B. C,,H,,N,02. The fourth fraction gave tigloylcyclovirobuxeine-B, cycloviro- 
buxeine-B.’ ’ lo irchine.” and N-hentoylc~cloxobuxi~~-F. C,,H,,N,O,. The 

’ Part Xl R T Puckett. G A Stm. I:. Abushanab. and S. M Kupchan, Ttrrahcdron Lcrrcn 3815 (1966). 

’ K. S Brown. Jr. and S M Kupchan. J Am. Chn Sot.. l 84.4590 (1962); ’ 86.4414 (1964). 

’ K S. Brown. Jr.. and S. M Kupchan. J Am Chem. Sot-.. l 84.4592 (IW2); * 86.4424 11964). 

’ K. Heuskr and E Schhttln. Hclc Chim. Actu 32. 2226 (1949) 

’ S M Kupchan and G Ohta. J. Org C&m 31.60g (1966) 

’ F Khuong-Huu. D Herkm-Gauher. Q Khuong-Huu. E. Sta~sJar. and R. Goutarcl. Tthahedron Y& 

3321 (1966) 

’ T Nakano. S Terao. and Y Sackt. J Chum Sot 1412 (1966) 

’ K S Brown Jr. and S M Kupchan. I Chromaruyrophp9.71 (1962) 

’ F Khuong-Jtuu-Latne. M Magdelaine. N Basset. and R Goutarel Bull Sot Chun Fr 758 (1966) 

” J P <‘&me and D Angom. private commurucatton 

” J. ‘Tomko. Z VotKky. V Pauhck. A Vassova. and 0. Bauerova. Chcmrcki Zwsr~. 18. 721 (I%4). 
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fifth fraction yicldcd cyclobuxoxine.” N-henzo~l-0-acetylc~cloxohuxoline-~. 
C,,H,,N20.,, N-benzoylhusidienine-F.‘” ” CJJH,8NzOj. N-henzoJldihydrocyclo- 
microphylline-F, C,.,H50N,0.3, N-henzo~kycloxohusidine-~. C~,H,8N,0,. and N- 
acetylcycbprotohuxine-L). Cz,H,,N20. The sixth fraction gave S-benzoylcyclo- 
protobuxoline-D. C.33~15,,Yi;,0,. N-Benzosl~yclo.uohuxoline-~. <‘3JI14RN203. was 
obtained by meticulous alumina chromatography of the “additional weak bases” 
fraction. 

Evidcncc for assignment of structure I for N-benroylcycloxobuxinc-F was adduced 
from the observations which follow. The IR spectrum showcd characteristic bands at 
2.92 u ( KIl). 3.30 u (cyclopropyl). 602 n (CO group conjugated with cyclopropyl: 
also “amide I” band of a secondary amide). 660 and 7.61 )I (“amide II and 111” 
bands respectively- characteristic of a secondary amide). 702 u (zcarbonyl mcthyl- 
cnc) and 1240 u. The latter band (1240u) was present in the spectra of only those 
compounds which possess the conjugated CO group and may bc characteristic for 
a C-l I ketone in this scrics of alkaloids. The UV spectrum showed n’zp 225 mu 
(c 13.540). attributable IO the additive absorption of the IWO isolated chromophorcs. 
Ph-CO-NH- and cyclopropyl-CO-. The NMR spectrum (Table I) of N-bcnzoyl- 
cycloxobuxinc-F (I) showed the presence of five aromatic protons. one amido 
hydrogen with hindered rotation about the <‘-N bond. an r-carbonyl mcthylcnc. 
IWO N-methyls. four tertiary C-Me’s and one secondary C-Me. Signals for a cyclo- 
propane ring were not apparent in the NMR spectrum. The cited physical data 
compared closely with those rcportcd for S-isobutyrylcycloxobuxine-F (“balca- 
buxinc”):” ” the major differences indicated the prescne of a benzamidc at C-3 
instead of an isobutyramidc in compound I. The IR and UV data suggcs1~U the 
prcscncc of a CO function in conjugation with a point of unsaturarion. probably the 
cyclopropanc ring. The prcuencc of an electron-withdrawing group (CO) adjacent 
IO the cyclopropanc ring (position I or II) would bc cxpectcd IO drshicld the qclo- 
propyl methylcnc protons from their normal position downfield into the MC region 
of the spectrum. The CO was assigned IO the C-l 1 position rather than C-I since the 
signal in the NIMR spcytrum for the z-carbonyl mcthylenc appwrcd as a singlet 
This finding is compatible with location of the active mrthylcnc a~ position C-12. 
flankcul on one side by the CO and on the other by a quatcrnary carbon. If the CO 
were at position C-l. the signal for the mcthylcnc protons 21 position C-2 would be 
expected IO bc split IO a doublet or multiplct. depcndmg on their dcgrrc of equi- 
valence. by the lone proton at C-3.” ” ” 

Reduction of I with iAt in cthcr for 3 hr at room temperature afforded the C-l I 

” S. M. Kupchan and E Ahu\hanab. J Oru C’hrm .W. 3031 (1965) 

” Afrcr thrs work had been complc1nI. u-e uerc krndly Informal by Dr R Gou1arcl of hrs rndcpcndcnl 

rrola~ron and srrucrural clucrda1ron of ~-berl7o~lc~cloxc,huxldlne-F and N-henzo~lbuxldrcnlne-F from 

Huxus ht*&urrcw Wrlld WC thank Dr Gourarcl cordrally for scndmp us a copy of rcfcrcnoz 6 prror lo 

pubhcauon 

” Durrng a VISII 10 Grf-sur-Yvcr1c durrnp June 1966. S 54 K drscusscd rhc problem of nomcnclarurc of 

~hc newer Hurus alknlords u-rrh I)r (Jourarcl II u’as aprccd rha1 rhc prcfrx “c~cloxo” bc adopted for all 
rho- drhasrc HuXu.s alkalords WhrcJr pos;,css a 9[1.19-cycle-1 1 .oxo cyslcm. and thar lhc “buxrdrcnrnc” 

name bc adopted for rhc pa:cnr alkarnrnc of N.hcn7o~lburrd:crrrnc.~ .“s 

” D ilcrlcm Gaulrcr. I: Khuong-tluu-Larnc. and R Gourarcl. Buff SO,. <‘/urn Fr .U74 fIY66) 

” II ifcrlcm Gauher. I; Khuong-ltuu-l.ame. I: Srantslar and R <iourarcl. Buff Sor (‘hrm I;r 657 
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Group 

C’yclopropane 

m, c 

cu, ..<‘H 

c-u, K 

CH,OR 

CUOR 

c. 34 
CO N!! -** 

Ctl, CO 

OleIin 
tj Ar 

Ar Cti, s 

TARI.I! I.* NMR SP~XTRAI. DATA OF rlrt AI.KAUNDS AM) mm DERIVATIVFS 

I II 

9 50lIHj.d 

14 

XY5 13H) 

Y(w) (3H1 

Y 14 (6t11 

Y 16.d 

Jl 

7 79 (611) 

900 13H) 

900 (3H) 

9 I I (3H) 

Y I2 (3II) 

Y 14.d 

J6 
7-X0 16H) 

6OR. m 
600. m 6OU. m 
396 44xl 

2 IO 2 65 (5H). m 2 IO 266(5HI.m 

.- 

Ill 

950(lIt),d 

J45 

Ya2 (611) 

9 17 1611) 

9 15.d 

J65 

7 XI (610 

609.m 

2-W5HI 

617.q.J I3 
(601 and 6.33) 

- _ - - _ 

IV 
- _ _ _ 

946.d 

Y.71. d 

J4 

905 (610 

9 10 (3HI 

9 23 I3HI 

Y,lX. d 

J 6.5 

7 Xl (6H) 

26X(SH) 

6-1X.q.J I3 
(602 and 6,351 

. 

V 
- . _ 

Y47.d 

9 72. d 

J4 

X45 (3H) 

90s (3H) 

YQX (3H) 

9 15 13H1 

9 1X.d 

J6 
7 X2 (9H1 

2 52 2.75 ISH). I 

6 37. J q. 13-5 
(6.16 and 6 5Y) 
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Group VII Xa Xb XI XI1 
------_-.--.-------.----_- ._____________ _ 

Cyclopropane 

Cki,- c: 

CM, -CH: 

qj, -N 

Cu,OR 

-CHOR 

c -3u 

-CO -NH .** 

CH,- CO 

Olclin 
H-Ar 
Ar-CM,- N 

944. d 

948. d 

J 4.5 

a99 (3H) 

905 (6H) 

9-13 (3H) 

9.18. d 

J6 

708 13H)** 

7 82 f6H) 

530 

2.62 (5HL m 

8 76 (3H) 

9.16 I3H) 

9.35 (3H) 

9-12. d 

16 

7 74 (6H) 

6.71. q. J I2 

(6.52 and 690) 

5.85. m 

5 85. m 

3 75 

2.102.67 (SH). m 

8.81 (3H) 

9.14 (3H) 

9.17 (31f) 

9 20. d 

J6 

7 8Y6HJ 

6.14 

4.75. m 

5-61. m 

4Q8. m 

790 (3H) 

X0 (3H) 

2-19 2.67 (SH). m 

X-79 (3H) 

9iI7 (3H) 

9.15 (3H) 

9.I2.d 

16 

7 72 (6H) 

6.49. m 

590. m 

9.43. d 

9.65. d 
J 4.5 

8.85 (3H) 

902 13H) 

9.32 (3H) 

9.12. d 

J7 

7 75 16H) 

6 75. q. J 12.5 

(6 57 and 694) 

591. m 

591. m 

400 

2Qs2.62 (SH). m 

--------_-.--- .____ ---.---- _ - - -. - --.._ 

Group XIII xv XVI XVII XIX 
- ----- -.---.----.-------~----.--- ---- --._ 
Cyclopropane 940. d 

968. d 

J4 

x,-- cc 8.88 (3H) 895 (3H) 896 (3H) 9.00 OH) 908 (3H) 

903 16H) 9.13 13H) 9.17 (6H) 9.15 (3H) 9.24 (3H) 

9.33 (3H) 9.20 13H) 9.42 (3H) 

L’ki, -CH/ 9 I2d 9 17.d 9-15. d 9.18. d 9 I1.d 

17 J6 J6 J6 J6 

3H, -h’ 7 74 (6H) 7 80 (6H) 7.79 (6H) 7 81 16H) 7 74 (6H) 

- CY,OR 644. q. J IO.5 6.74. q. J I3 6.12 5.71,q.J II 5 6.71. q. J I2 5 

(6-32 and 6.56) (6.57 and 69 I ) (5.50 and 592) (6 56 and 6.86) 

-CuOR 595. m 592 m 

: 3H 5-78. m 5.62 m 592 m 

-CO- NH.0 3.74 4.19 3-82 m 

Y)_i,CO 790 

Mefin 397 IIH) 
446tlH). m 

1 Ar 2 I(F267(5H).m 2.17 2.67 (5H). m 1.85.2.62 (SH). m 2<)7-2 60 (SH). m 

tr Cul. N 
-..- - - - - - - .- - .- - - - - - - ----------- - -. - .- 

Group XXllla XXlllb XXlXb xxxc xxtva 
___.__------- ------.-----------.--. 

:yclopropane 9-45. d 9.45. d 10 IR.(IH)d 942.d 942.d 

960. d 9.60. d 14 9.67. d 964. d 

J4 J4 14 14 

‘U, C’ 902 9.25 (12H) 8.67 9.10 (1211) R.88 f3H) 890 (3H) 890 (3H) 
897 (3H) 9+x (6H) 9Olf3H) 
900 (3HJ 9 23 (3H) 907 (3H) 
9.22 (310 9 22 (3H) 

-.- -_- -.-.----- _-- - _-.-------- -- -_ 
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Group XXIlla XXlllb XXlXb xxxc XXlVa 
--- _-_-.-.- -- - - - _ .- - - -. -- __----- _ 

Ctt, CH< R96. d 9.16. d X93. d 89X. d 891. d 
J6 J-l 16 16 J6 

Ctj, -N 700 (3H1** 702 (3H)** 7.66 (3HI 7.20 (3H1** 7.35 13H1 
7.62 13HI 7 RI (6Hl 7.71 (6Hl 7.53 (3H) 7 62 (3H1 

-<‘tjrOR 
CUOR 533 588. m 5-4&590. m 4.72 SOS. m 6.34688. m 

c 3H 
CO -N,--•* 

CM,--CY) 
;:; OH1 

Olclin 295 340(IH1. m 
4.394.67 (2H1. m 

tj .-Ar 2.59 (5Hl 2.62 I5Hl 
Ar CuI --N 

- _ . . - - _.__ _ __--- - .- .- - - 

Group XXlVb XXVI XXVII XXIlld 
---- .-- .-.- - - - - -. .-.- - - 

XXVlllb 

Cyclopropane 940(2H) 

cu,- c< 

9.43. d 
966, d 
J4 
9G2 (6H) 
9,12(3H1 
9.23 OH) 
9.15. d 
J6 
7.37 f3HI 
7 78 (6H) 

956. d 
9-12. d 
14 
884 (9H) 
905 (3H) 

C&-CH: 

CU, N 

9.16. d 
J6 
70(, (3H) 
7 78 (6H) 

943. d 
9.58 d 
J4 
8.84 (3HI 
902 (6H1 
9.12 (3Hl 
R93. d 
J6 
691 (3H1** 
7 60 (3HI 

9@2 (6H) 
9.12 (3H) 
9.23 (3H) 
898 d 
J6 
7 IO l31i)** 
7.79 (6H) 

_---- 

9.28. d 
9.43. d 
14 
8 X8 (6H) 
903 (3H1 
997 (3H) 
9.17. d 
J6 
7.57 (3H1 
7-80 (6H1 

-Ctj,-OR 
CtjOR 

C 3ti 
-co -K;H -** 
CM,-- co 

Olelin 
fl Ar 
Ar-Cti, N 

6.30 690. m 5.65 615. m 

2.58 (5H1 

4,5&503, m 

;; (3H, 

-- _ 

XXVllla 
---- 

9-44 (2H) 

8-87 (3H1 
945 (6H) 
9 I2 (3H1 
9.17. d 
J6 
7.63 (3H) 
7 81 (61t1 

4.50 492. m 4.594-99. m 

7 US 
792 ‘3H’ 

792 (3H1 

2.53 2 71 (5H). m 269 (5H1. m 2.67 (5Hk m 
604.8 114 581 647.m 
(5.69 and 6401 

l Chemical shills are given in ppm on rhc r scale Coupling consrants (J) arc expressed as cs. d = doubler. m = mulrip 
q = quadruplcr ; all other resonances are nngkrs. cxapr whcrc srared otherwuc. 

l * Showing restricted mrcmal roradon 

OH-derivative II. with IR bands indicative of an OH group (2.80 p) and a secondary 
amido function (603, 6.60 and 740 p). The 603 )I band was less intense than in the 
precursor. in accord with expectation based upon reduction of the 1 l-CO function. 
Similarly, the bands at 7-02 and 1240 p were absent frm tk IR spectnm d 11. 
The NMR sptarum (Tabk 1) showed signals for one proton adjacent to an OH 
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group (608 T, m) and a proton corresponding to one of the cyclopropyl methylcne 
protons (9.50 T. part A of the AB quartet. J 4 c’s). 

In an effort to reduce both the amide function at C-3 and the CO at C-l I, N- 
benzoylcycloxobuxine-F was treated with LAH in dioxan under reflux conditions 
for 48 hr. The major product of the reaction was the C-l 1 dcsoxy derivative N- 
benzylcycloprotobuxine-F (IV). The IR spectrum of IV showed no bands attributable 
to an OH group or an amide function. A weak broad band was present at 30 p 
which was attributable to the absorption of the secondary amine at C-3. The NMR 
spectrum (Table 1) showed signals corresponding to a methylene adjacent to a 
phenyl ring in an electronically unsymmetrical environment (AB quartet centered at 
6.18 T with J 13 cs); however. no signal was present for a proton adjacent to an OH 
group. 

Reduction at both centers. with very little hydrogenolysis at C-l 1, was achieved 
by treatment of I with LAH in ether for I4 hr at room temperature. The major 
product 111 showed. in the IR. a sharp band at 2.79 u (unassociated OH). The NMR 
spectrum (Table 1) showed signals for one proton adjacent to an OH group. a 
methylene adjacent to a phenyl ring in an unsymmetrical environment (AH quartet 
centered at 6.17 ‘I with J I3 c.:s). and a proton corresponding IO one of the cyclopropyl 
methylenc protons (9.50 r. doublet with J 4.5 c;s). This series of spectra demon- 
strated the effect of an oxygenated function at C-11 on the chemical shift of the 
neighboring cyclopropyl mcthylenc protons in the NMR spectrum. In the parent 
compound I both protons were deshielded into the Me region of the spectrum by 
the CO group at C-I I. When the CO group was reduced IO an OH function. as in 
compounds II and 111. the degree of dcshielding was reduced IO the extent that one- 
half of the AR quartet (part A) for the cyclopropyl mcthylcne protons was clearly 
visible. In the spectrum of the hydrogenolysis product IV. the signals for these 
protons appcarcd at the normal position.“” 

Strong support for asignment of structure I for N-benyoylcycloxobuxine-F was 
adduced by interrelation with cycloprotobuxine-C (VI).” ” Treatment of IV with 
formic acid-formalin gave N-henz~lcpcfoprorohuxine_(’ (V). m.p. 142. 143 A signal 
for an additional N-Me group appeared in the NMR spectrum of V at 7.82 r. The 
cyclopropyl methylcne signals occurred at 9.47 and 9.72 T. as an AB system with J 
4 c!s. Cycloprotobuxinc-C (VI) was treated with benzoyl chloride in pyridine IO give 
N-benzoylcycloprotobuxine-C (VII). The NMR spectrum showed the presence of 
live aromatic protons. one N-Me group with restricted rotation. and a cyclopropyl 
methylene (944 and 9.68 T. AB system with J 4.5 c s). Reduction of N-bcnzoylcyclo- 
protobuxinc-C (VII) with LAH in dioxan at reflux temperature afforded N-bcnzyl- 
cycloprotobuxinc-C (V). Treatment of cyc1oprotobuxinc-C with benzyl chloride and 
potassium carbonate in benzene also led IO N-benzylcycloprotobuxinc-C.” ” 

The hydrogcnolysis of the alicyclic C-1 1 ketone function of I (and related com- 
pounds’ ” ) with LAH is apparently unprecedented. although the hydrogcnolysis of 
several aromatic ketones has been reported. in In an attempt IO determine if the 
hydrogenolysis reaction proceeded in step-wise fashion through an OH intermediate. 
compound 111 was treated with LA11 in dioxan at rcflux temperature for 4H hr. The 
reaction did not lead to the desoxy compound. and starting material was recovered 

” S \I Kuphan and I( Kurostw. J On/ (‘hem 30. Xlh 1 I‘,651 

” Cf. N <ia)lord. H&c.rwn u-rth Complur lfcrul Ilt~lrufo. <‘hap 16 Intcrscxncc. hcu York I 1YSOt 
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unchanged. The hydrogenolysis reaction appeared to be of potential value for the 
synthesis of 9&19-cyclosteroid analogs of Buxus alkaloids. via the available inter- 
mediate 9~.l9-cyclo-5z-prcgnane-3.11.20-trionc-3.20-diethylene ketal (VIII).lp How- 
ever. treatment of VIII with LAH in dioxan for 48 hr at rcflux temperature yielded 

. . .Np 
.)I MC 

IV -- 

Ph--(‘H2-Y & H 
MC V 

the I I-OH compound IX. in 53”;, yield. The difference in reactivity of the I I-ketone 
in I and VIII is noteworthy. and is probably attributable to dilTercnces in the con- 
formations of the respective molecules. In support of the latter view. the ORD 
curves for I and VIII were both positive. but showed a wide dill‘crencc in amplitude. 
The curve for I showed [0],,, +3610” and [01z9,, +2293’, whereas the curve for 
VIII showed [8]5,2 + 5460” and [e],,, - 3460’.” 

N-Bcnzoylcycloxobuxidinc-F (Xa) also showed a UV spectrum which indicated the 
presence of a secondary benzamidc and a CO group conjugated with a cyclopropane 
ring (i. A.. F0’i 225 rnn. E 13.500). The IR spectrum closely resembled that of 1. except for 
the presence of additional bands at 9.52 and 960 TV_ attributable to the C -0 

” ’ tt Wchrh. M S Hellcr. K Schallner. and 0 Jcger. III/C Chim. Auo 44. 2162 (IY61). ’ Attemprdd 

Wolfl-Klshncr rcduclton of VIII lcd. I’UI carbocychc rmg clcaveg IO 9(IO~lY)tabco_prcgnane derlva- 

tiva; S M Kupchan and E Abushanab. Terrahrdrm I&rem 3075 (19651 

PJ Tbc amphtude of the curve for VIII rcscmbkd that recorded for an II-oxo-9f3.lO~stcrotd; d C. 

DJerassl and W Klyne. J Chcm Sot 4929 I IY62). 
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stretching vibration of the alcohol grouping. The NMR spectrum (Table I) showed 
the presence of five aromatic protons. one amido proton (-C&N&_) with 
hindered rotation about the C-N bond, two N-Me’s, three tertiary C-methyls one 
secondary C-Me, one proton adjacent to a secondary OH group (5.85 r. m), and a 
signal centered at 6.71 r for two protons adjacent to a primary OH group in an 
electronically unsymmetrical environment (AB quartet, 6.52 and 690 r, J 12 cis. 
centered at 6.71 T). The foregoing data led to the proposal of structure Xa for the 
compound. Comparing the spectrum of Xa with that of N-benzoykycloxobuxine-F 
(I). two major differences were evident. attributable to the presence of the two OH 
functions in Xa. The signal for one of the tertiary C-Me groups of compound Xa 
was shifted to 8.76 r. This shift downfield was probably the result of deshielding of 
the protons of the angular Me at C-14 by the neighboring a-hydroxyl function at 
C- 16. The cyclomicrophylline Buxus alkaloids (4hydroxymethyl-16hydroxy com- 
pounds) generally show a Me signal in this region of the spectrum.” However. the 
spectrum of N-benzoylcycloxobuxoline-F, an alkaloid possessing only the C4 
hydroxymethyl grouping, did not show a Me signal downfield (Table I). A second 
difference in the two spectra was attributable to a shielding effect of the C4 hydroxy- 
methyl on the C4 Me protons in compound Xa A tertiary Me signal appeared up 

(a) R’ - R’ - H X 

(b) R’ - RI = Ac 

,hle 

‘MC 

<OH 

Ph 

‘I T. Nskano ad S.Terao. J Chtm. Sot 4512 (1965). 
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field at 9.35 T, indicating a shift of at least 0.21 T from the signal in the spectrum of I. 
since the farthest upfield tertiary Me signal for I appeared at 9.14 r. The C4 hydroxy- 
methyl compound XV, as well as the cyclomicrophyllines,” showed a tertiary Me 
signal in the 9.35 T region of the spectrum. 

Acetylation of N-benzoylcycloxobuxidine-F (Xa) with acetic anhydride in pyridint 
afforded the diacetate Xb with IR bands indicative of acetate esters (5.79 and 8G5 u). 
The NMR spectrum showed two a-carbonyl methyl signals (790 and 80 T) oorres- 
ponding to acetate esters and confirmad the presence of two aqlablc hydroxyl 
groups in Xa. 

When N-benzoylcycloxobuxidine-F was treated with an ethanolic solution of 
sodium hydroxide (6% w/v) at reflux temperature for 24 hr. cycloxobuxidine-F (Xl) 
was obtained, in addition to an equimolar amount of benzoic acid. The relatively 
facile hydrolysis of the benzamide contrasted with the previously&served resistance 
to hydrolysis of benxarnides of Buxus alkaloid derivatives such as XXV.“* I6 On the 
other hand, several cases of amide hydrolysis facilitated by neighboring OH groups 
among derivatives of Buxus alkaloids such as XXI have been ~bserved.“*~* ” The 
hydrolysis of N-btnzoylcycloxobuxidine-F (Xa) was apparently facilitated by 
hydrogen bonding of the OH hydrogen of the hydroxymethyl at C4 with the lone pair 
of electrons of the amide nitrogen at C-3, making the amide CO more ekctro-positive 
and susceptibk to nucleophilic attack by the bast (perhaps as shown in partial structure 
XlV).‘2 The IR spectrum of cycloxobuxidine (Xl) was characterized by the absence of 
bands corresponding to an aryl ring and an amide carbonyl. A band was present in 
the spectrum at 6a )I; however, this was attributed to the CO at C-l 1 since the “amide 
II and Ill” bands were absent. The spectrum also showed bands at 6.30 u (--NH,) 
and 12a u (C-l 1 CO deformation). The NMR spectrum showed a downfield shift 
in the signal of the hydroxymethyl protons at C4 to 649 T (from 671 T in the parent 
compound Xa). This lower signal position is characteristic of a g-oriented (axial) 
hydroxymethyl at C-4. ” The signal for these two protons in the spectrum of the 
parent alkaloid Xa occurred upfiekl (6.71 T), due to the shielding effect of the amide 
CO at C-3. 

Treatment of cycloxobuxidinc-F (Xl) with an excess of LAH in dioxan at reflux 
temperature for 4 days afforded the known C-11 desoxy compound dihydrocyclo- 
microphylline-F (XIII)” in 607; yield. The interrelation with the known alkaloid 
constitutes strong support for assignment of structure Xa for N-benzoylcycloxo- 
buxidine-F. 

Structure XII was assigned for N-benzoyldihydrocyclomicrophylline-F on the basis 
of the following evidence. The IR spectrum indicated a secondary benzamide (610, 
6.61 and 7.59 TV, “amide I, II and Ill” bands) and at least one OH function (290. 
298,9*55 and 9.65 u). No bands were present in the 60 or 12Q )I regions, indicating 
the absence of a C-l 1 keto function. The W spectrum showed ;.“,“,” 227 mu (E 9,335). 
attributable to a secondary benxamide. The low intensity of the band. compared with 

that for the 11 -keto compound (Xa, I.:? 225 mp, E 13,500). indicated the absence of a 
ketone at C-l I in N-benzoyldihydrocyclomicrophylline-F (XII). The NMR spectrum 
showed five aromatic protons. one amido proton with hinderad rotation about the 

I2 Other mcchamsms arc readily concclvablc. for a renew of the mcchanlmu d &&bnng hydroxy) 
group parflclpallon In CSWY and amldc hydrolysts. WC T C Bru~x and S J Bcnkovic. &I&W~M~C 
Mcchuntrmr Yol 1. p 146 Benjamin. New York, N Y (1966). 
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C- -K bond. one proton adjacent to a secondary OH function (591 7, m), two 
hydroxymethyl protons (AB quartet. 6.57 and 694 T, J 12.5 c/s, ccnterd at 6.75 T). 
two N-Me’s, three tertiary C-Me’s, one secondary C-Me, and two cyclopropyl 
methylene protons (9.43 and 9.65 7. AB quartet with J 4.5 c/s). The position of the 
C-4 hydroxymethyl signals (6.75 7) indicated the proximity of the protons to the 
amide CO. supporting location of the benzamide at the C-3 position. The appearance 
of signals attributable to the cydopropyl methylene protons further substantiated 
the absence of an 1 I-keto function, since, as noted above, a CO at C-l 1 will cause 
a paramagnetic shift of the cyclopropyl methylcne protons into the Me or methylene 
envelope of the spectrum. On-the basis of the latter data structure XII was proposed 
for N-benzoyldihydrocyclomicrophylline-F. Conlirmation was achievd by hydrolysis 
of XII using 6Y/; sodium hydroxide in ethanol. whereupon dihydrocyclomicrophyl- 
line-F (XIII) was obtained. 

Structures XV for N-benzoylcycloxobuxolinc-F and XVI for N-benzoyl-O- 
acetylcycloxobuxoline-F were proposed on the basis of the observations which 
follow. The IR spectrum of N-benzoylcycloxobuxoline-F indicated the alkaloid to 
be a secondary benzamide (609, 6.60 and 7.59 p, “amide I. II and 111” bands) which 
possesses the 9&19-cycle-I 1-keto partial structure (3.27 p. cyclopropyl; 602 and 
12GO p, CO at C-l 1; 704 )r methylcne at C-l 2). The IR spectrum of XV was very 
similar to that of K-benzoylcycloxobuxidine-F (Xa), with slight differences in the 
OH and fingerprint regions of the spectrum. Whereas Xa showed a strong band at 
2.98 p and bands at 9.52 and 9.60 p (OH). XV showed a weakcr band ar 2.97 p and a 
single band at 9.55 p (OH). supporting the view that XV was a monohydroxy com- 
pound. This was indicated further by the results of microanalysis. which indicated 
the presence of only three oxygen functions. The UV spectrum showed j&y” 226 rnp 
(E 14,300). in good accord with the presence of a secondary benzamide a1 C-3 and a 
CO at C-l 1. The NMR spectrum showed the presence of rive aromatic protons, one 
amido proton. two hydroxymethyl protons (6.57 and 691 7, AB quartet, J 13 c/s. 
centered at 6.74 7). an a-carbonyl methylenc (7.57 r,2H. s), two N-Me’s three tertiary 
C-Me’s. and one secondary C-Me. The C-16 hydroxyl function present in N-benzoyl- 
cycloxobuxidine-F (Xa) is absent from N-benzoylcycloxobuxoline-F (XV) as shown 
in the NMR spectrum by the absence of a signal attributable to the proton of the 

-CHOH grouping in the latter compound. 
N-Bcnzoyl-0-acetylcycloxobuxoline-F showed a UV spectrum with L!$” 223.5 

rnp (E 12.300) and an IR spectrum with bands at 293 p (NH). 5.80 p (acetate carbonyl). 
602 p (C-l I CO, “amide I” band), 6.62 and 7.60 p (“amide II and 111”) 790 to 8.25 ~1 
(C-O-C stretch of ester) and 12a )I (C-l I CO). The NMR spectrum showed signals 
characteristic for five aromatic protons, one amide proton, an z-carbonyl methylene 
(7.57 7. s), two N-Me’s, three tertiary C-Me’s, one secondary C-Me. an at-carbonyl 
methyl (CHJO,- , 790 7, s) and an aceloxymethyl group (CH, -CO&I-I,--. 
612 z. s). The acetoxymethyl signaI showd AT = 0.62 with respect to that for the 
hydroxymcthyl of the parent alkaloid. in good agreement with that expected upon 
acetylation of a primary OH function. The foregoing data led lo formulation of 
N-bcnzoylcycloxobuxoline-F as XV and N-benzoyl-0-acetylcycloxobuxoline-F as 
XVI. Support for the assignments was achieved by acetylation of XV with acetic 
anhydride in pyridine. whereupon XVI was obtained. 
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XVIII 
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XIX XXa (CM) XXb mm.5) 

Treatment of N-benzoylcycloxobuxoline-F (XV) with 3’:; aqueous sulfuric acid 
at 90 for 1 hr alTorded 0-benzoylcycloxobuxoline-F (XVII). The IR spectrum 
suggested the presence of primary amine (299 and 6.30 u) and ester (584 and 7.W 
790 u) functions. The aromatic bands were still present, indicating the ester to be a 
benzoatc. The Yg.l9-cycle-1 I-keto system was still intact. as evidenced by the 
presence of bands at 642 and 12W )I (C-l I CO). The WMR spectrum showed an AR 
quartet centered at 571 T (5.50 and 542 T, J II.5 c:sI attributable to the 
Ar -CO1 -CH, - grouping. N + 0 Acyl migrations such as XV + XVII. probably 
proceeding ciu a 6mcmberal cyclic intermediate like XVIII, are not uncommon2’ 

Structure XIX was proposed for N-benzoylbuxidienine-Fon the basis oftheevidence 
which follows. The UV spectrum showed ;_, EfiH 238 mu (E 39.320). 246 mu (E 41.5201 

‘,I C‘I. ea. T K~kuch~ S IJyco. and I Ntshlnaga. Ttrruhrdrm farters 1749 (I966,) 
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and 255 mu (E 25,970). with shoulders at 229 mp, 280 mp. and 293 rn@ The spectrum 
of buxenine G showed ;&:” 238 mu (E 27,200). 247 mu (E 29.100). and 255 mu (E 
18,650). with shoulders at 215. 230, and 290 mu.** The position and intensity of each 
peak relative to the others correspondd very closely in the respective compounds. 
The higher intensity of each peak in N-bcnzoylbuxidieninc-F was attributable IO 
the presence in the molecule of a secondary benzamide with overlapping absorption 
in that area. The IR spectrum showed bands attributable to an OH function, a 
secondary benzamide. and a hcteroannular dienc (i.e. 606 (m), 6.21 and IO.33 )I).” 
The latter spectral data were suggestive that N-benzoylbuxidieninc-F contains the 
9(10 + 19)abeo-stcroidal diene system present in the group of BUXUS alkaloids 
exemplified by buxenine-G. ’ ” The supposition was strcngthcnd by rhe NMR 
spectrum. which showed the presence of five aromatic prolons. a secondary amido 
hydrogen with internal hindered rotation about the C - N bond. two N-Me’s. 
three tertiary C-Me’s, one secondary C-Me. one proton adjacent lo a secondary 

OH (. -CHOH. 5.82 T. m). two prorons adjacent 10 a primary OH ( CH,OH. 
6.71 T. AB quartet. J 12.5 c:‘s, respective doublets at 6.86 and 6.56 r) and IWO vinyl 
protons (397 r. IH. broad singlet and 4.46 T. IH. multrplct). The splitting pattern of 
the vinyl protons was characteristic of the diene partial structure -CH2- CH= 
C-CH=C- KHz,-. which had been shown to make up the hcreroannular diene 
system of buxenine-G and related alkaloids. ” ” ‘* The latter data substantiated 
the presence of the 9(lO 4 19)uheo-diene system in N-benzoylbuxidienine-F (XIX). 
The positions of the signals for the hydroxymethyl protons in the NMR spectrum 
of XIX indicated their close proximity IO the amide CO. in support of location of the 
amide at the C-3 position. as in other amido-buxus alkaloids.’ ” ” 

To intcrrclate the C-16 secondary OH function of XIX with rhc dimerhyl amino 
function at C-20. the compound was treated with I.2 molar equivalents of chromium 
trioxide in acetic acid for 6 hr at room lempcraturc. after which rhe crude product 
was refluxed in methanol ’ Alumina chromatography afforded a non-basic product. 
yellow m color and oily in nature. hut apparently homogeneous as shown by TLC. 
The JR spectrum of the oil showed the prcsencx: of an OH funcuon and a secondary 
bcnzamide. the peak intensity of which was nor dimlnished when compared with the 
parent alkaloid. A medium intensity band was prcscnt at 5.83 u which could be attrl- 
buted IO theC0 ofa cis- and ora rrans-cisoid cyclo~nrenonc(XXa and h respcctivcly). 
A band at 5.84 u has been reported for cyclopentenone derivatives of the cyclomicro- 
phylline class of Buxw alkaloids.’ The NMR spectrum of (he oil showed it IO be 

inhomogeneous; however. the spectrum did show the absence of the signal for the 
Ndimethyl protons and the presence of new peaks at 790 r (d. J 7.5 c!s) and 8.20 r 
(d. J 7.5 c/s). The signal at 790 T is characteristic for the C-21 methyl protons of the 
rrons-isomer (reported 7.92 T, J 7.5 c/s for a similar compound’) while that at 8.20 1 is 
characteristic for the corresponding protons of the cis-isomer (reported 8.19 T, d, 

I’ S M Kupchan and W L Asbun. Teaahrdron l.rfurs 3145 lIY64). 

I’ K Nakarushl. Injrarrd Ab.wrption Spt~rroscop~. p 46 llolden Day. San Franctu*, (1962) 

a0 D Srauliachcr. I!& Chim Acra 47.968 (1964) 

I’ 1 P Calame. Doctoral Dlsscrrauon. E T 11.. Zurxh. 1965 

I’ J Tomko 0 Bauerova. 2 Voucky. R Goutarcl. and P Longev~alle. Tefmhrdr& Lefrers 9 I5 ( 1966). 
le F Khuong-lluu-Lacnc. D Hcrlem-Gauher. aud R Goularel. C R. Acad Sri Pans 261.4139 (1965) 
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J 7.5 c/s for a similar compound’). Although the oxidation-elimination reaction 
yielded an oily mixture, the IR and NMR spectra indicated that oxidation with 
subsequent elimination of the amine function did indeed take place, and the nature 
of the spectra supported the view that the secondary OH function in the parent 
alkaloid is at the C-16 position. On the basis of the foregoing data, structure XIX is 
favored for N-benzoylbuxidienine-F. 

Support for assignment of structure XXIIIa for N-~nzoylcycloprotobuxoline-D 
and XXIIIb for N-henzoylcycloprotobuxolineC was adduced from the observations 
which follow. 

The IR spectrum of N-benzoylcycloprotobuxoline-D showed a strong band at 
6.20 )I attributable to an amide function. The NMR spectrum indicated the presence 
of one N-Me group with restricted internal rotation.” one N-Me group, one proton 
adjacent to an OH, five aromatic protons and a cyclopropyl methylene. The cited 
data were compatible with the view that N-benzr>ylcycloprotobuxoline-D might be 
a benzamide derivative of cyclovirobuxine-D (XXIIa). However, benzoylation of the 
naturally-occurring monobenzamide gave a dibenzamide XXIIIc isomeric with. 
but not identical to. N.N’dibenzoylcyclovirobuxine-D (XXIIb). N-Benzoylcyclo- 
protobuxo1ine-C showed spectral properties which closely resembled those of the 
C,,benzamide. However, the NMR spectrum of the C,, benzamide showed a signal 
(7.81 r.6H)indicativeofthepresenceofan Ndimethylgroup.That the twobenzamides 
differed only in the substitution pattern of one of the nitrogen atoms was demon- 
strated by methylation of N-benzoylcycloprotobuxoline-D with formaldehyde- 
formic acid, whereupon N-ben7Dylcycloprotobuxolint-C was obtained. Basic 
hydrolysis of N-benzoylcycloprotobuxoline-D (XXIIIa) by treatment with methanolic 
potassium hydroxide under reflux for 25 hr yielded cycloprorohuxoline-D (XXIVa). 
C26H16N20. The NMR spectrum showed the presence of two N-Me groups and 
cyclopropyl methylene. Acidification of the alkaline reaction mixture yielded benzoic 
acid. Similar hydrolysis of N-benzoylcyc1oprotobuxoline-C (XXIIIb) yielded 
cycloprorobuxoline-C (XXIVb), CI,H,gN20. It was postulated that the ease of 
hydrolysis of the N-ben7Dylcycloprotobuxolines might be attributable to facilita- 
tion of amide hydrolysis by a neighboring OH group. Strong support for the presence 
of a neighboring OH group was obtained by treatment of XXIVb in benzene solution 
with 12.5:: phosgcne in benzene. whereupon the oxazolidone XXVI was formed. 
The presence in cycloprotobuxoline-D of the grouping. -CHOH <H(NHCH,) - 
was indicated by its periodic acid consumption (I molar equiv after f hr. 1.2 molar 
after I hr. I.2 molar equiv after 3 hr). Oxidation of N-benzoylcycloprotobuxoline-D 
(XXIIIa) with 1.2 molar equiv of chromic acid yielded ketone XXVII. The IR 
spectrum of XXVII showed a band at 582 b which corresponds to the absorption 
expected for a &membered ring ketone. Consequently, the OH group was assigned 
to c-2. 

Acetylation of N-benzoylcycloprotobuxoline-C (XXIIlb) yielded the O-acetate 
XXIIId. The NMR spectrum of XXIIId showed a signal, corresponding to the C-2 
proton. at 4.77 T as a broad multiplet with a half-width ca. 20 c/s. An earlier study has 
shown that a similar signal was ascribable to an axial proton coupled with four 

” J M Pople. W G Schnndcr. and H J Bcmrmn High Rtsolurion Nuclear Magncrir Rmonmcr. 
pp 336.371 McGraw Hill. New York. NY. (1959) 
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Ibl R = COPh 

“’ XXIII (al R .- R’ = H 

(b) R = Me. R’ x H 
IC) R = COf’h; R’ r }I 
Id) R - MC; R’ 2 ,Q 
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Mc 

XXIV(a) R r II 

Ih) R r MC 

XXVIII (a) R _ H\ 
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protons on adjacent carbons. ” The present case involves spin-spin coupling of the 
C-2 proton with three protons on adjacent carbons. However. since axial-axial intcr- 
actions result in a larger splitting constant than do either axial-equatorial or equa- 
torial-equatorial interactions. ‘2 the large half-width for the C-2 proton was deemed 
conststent with that expected for an axial proton. To seek support for the latter assign- 
ment, the epimeric acetates XXVllla and XXVlllb were prepared with a view 
toward comparing the half-widths of the respective C-2 proton signals. LAH reduction 
of the ketone XXVII yielded a mixture of the epimcric alcohols. which were separated 
by partition chromatography. The isomer having the same relative contiguration 
as the naturally-occurring material was idcntitid by comparison with an authentic 
sample obtained from the LAH reduction of XXlIla. N-Methylation of the two epi- 
mcric alcohols. followed by acetylation. gave the cpimeric acetates XXVllla and 
XXVlllb. The resonance of the C-2 proton of acetate XXVllIa (4.79 7) appeared as 
an unresolved multiplct with half-width ca. 20 c s. The resonance of the C-2 proton 
of acetate XVIllb (4.71 7) appeared as an unresolved multiplet of half-width ca. IO 
cs. Since acetate XXVllla was preparcd from the alcohol possessing the same relative 
configuration as the naturally-occurring compound. the foregoing observations 
support assignment of +(equatogial)-configuration for the C-2 OH group in XXllla 
and XXlllb. 

XXIX (a) R = H XXX ia) R = R’ = H 

(b) R = R’ = AC 

(c) R = H: R’ -. AC 

(d)R = Ac.R’= H 

(cl R 7 MC; R’ = AC 

(c) R = 

” R V Lcmlcux. R K Kullmg 11 J Bunsrem. and W G Schnader. J Am Chem Sor 80. 6098 (195X) 

‘* h’ S Bhac~ and I> H Wllhams. Appltror~onr ~j NMR Spcrroscopy in Organic Chemtstry. M, X0-X1 

IIoldcn- Day. San FrancIsa, (19641 
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The NMR spectrum of tigloylcyclovirobuxeine-B indicated the presence of 2 
vinyl protons (4.39467 r) and a cyclopropyl methylene (10.18 T. f of the ABq. J 

4 c/s). The high uptield shift of half of the AB quartet of the cyclopropyl methylene 
has been observed with other Buxus alkaloids containing a A6 ’ double bond.’ *’ 
Other NMR and IR characteristics (see Experimental) suggested that the compound 
might be an 0-acyl derivative of cyclovirobuxeine-B (XXIXa). Saponification of the 
ester with methanolic potassium hydroxide yielded cyclovirobuxcine-B and tiglic 
acid. in support of assignment of the 16tigloylcyclovirobuxeine-B structure XXlXb 
for the compound. At this point in the argument. a 16angelate ester structure 
XXlXc could not be precluded, because earlier studies in this Laboratory had shown 
that naturally-occurring angelate ester alkaloids. such as germanitrine” and ceva- 
dine.‘* yield tiglic acid upon alkaline hydrolysis. However. the chemical shift of the 
vinyl proton of XXlXb (3.18 r) was characteristic of a tiglate (approx. 3.28 T)~’ 
rather than an angelate (approx. 402 r). 3’ ” Hence the tiglate configuration is 
favored for the ester at C-16 in XXIXb 

Acetylcycloprotobuxine-D could be tentatively formulated as an acetamide of 
cycloprotobuxinc-D (XXXa) on the basis of spectral and analytical data. Acetylation 
of the naturally-occurring compound yielded N.N’-diacetylcycloprotobuxine-D 
(XXXb). and the monoacetamide could be presumed to possess structure XXXc 
or XXXd. N-Methylation of the new monoacetamide gave a product (XXXe) isomeric 
with N-acetylcycloprotobuxine-C (XxX1). The non-identity of the methylation product 
with XXX1 indicated that the newly isolatd compound is 20-N-acetylcycloproto- 
buxine-D (XXXc). 

Mps were determined wrth a Thomas-Hoover Ummch apparatus. tR spcc~ra wem measured. unless 

o~henv~sc specified. in CHCI, solns I IO”,) on a Beckman doubk beam recording spzcrrophotomera model 

IR-5A. NMR spectra were dercrmmal m CDCI, at 60 MC on Vanan Associates A-60 and A&A recording 

specrrometcrs ustng TMS as the internal srandard. and were elccrromcally mtcgrarcd. UV spectra were 

derennincd tn 95”, ErOH on a Beckman recordmg spccrrophoromcter model DK2A Opucal rorauons 

were determined in CHCI, solns ulth a Zcrss-Wmkel polanmercr and arc approxrmatcd to the nearest 
degree. ORD were dernmmcd on a Cary Model 60 Recording Spccrropolanmcter. rn FIOH (c IO mgml). 

In a O-l dm lube, ar 25 Skcllysolvc A refers 10 perrolcum ether. fracrron drsrilhng a! 30 60 , Skellysolve 

B refers IO that fraction which drstills ar 60 6X Erhcr refers IO Er,O. U S.P. All droxan used was srorcd 

over KOH and drsnlkd in rhc presence of LAH TLC was pcrformcd on s111ca gd “<i” m al) cases ‘Thin 

layer chromatograms. unless o~hcrw~sc spcc~ficd. were developed usmg the upper phase of ~hc syslcm 

n-buranol AcOH-water (4: I : 5) and sprayed wrrh Dragcndorrs reagcn) Solvent sys1cms used for 

parnnon chromatography consistad of Skellysolvc B-erhylenc drchlondc M&it waler f IO. 2.3:02; 

solvcnr syslcm A. IO: I 3:@2; solvcm system B. and 10:5.2:03; solvent sysrcm C) Mtcroanalyscs were 

performaf by Spang Mrcroanalyrrcal Laboratory. Ann Arbor. Mrchigan. WC arc grateful to <‘rh Pharma- 

auncal Company for procuremcnr and large-scak exrracnon of planr marcnal 

/soha ofalkoloids The “additional weak bases” fracrron fR0 g). obrarncd from Buxw sumprrr’rrenc 1. 

by a fractionation procedure dcscnbod carhcr.‘* was drssolval in bcnrmc (200 ml) Skellysolve B (200 ml) 

was added and the rcsulring pp~ flg 2 g) was rcmovcd by filmsnon. The filrrarc was cvaporarcd IO dryness 

and the rnulnng yellow-brown foam (61.X gJ was rcdrssolval m Skcllysolvc H-bcnrmc (1 I. 400 ml) and 

added IO a column of basic Woclm grade Ill alumma (2400 g) The followmg fractions were collec~cd~ 

” S M Kupchan and A. Afonso. I Am Phcvm. As.wc 48. 731 IIYSYI 

” Idcm.. J Am Phone Assoc 49.242 (1960) 

” R R Frazcr. Camad 1. Chcm. 38.549 (1960) 

‘s W Hm and M V Lakshmrkanrham. Teeohdron 21. 1711 (1965). 
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Fracrron I:luant Wr Ig) 
_ _-_. _--__ _. _ 

I Skcllysolvc B-henxnc I I I. 7.200 ml) Ia71 

2 Bcnxnc (4.800 ml) 7-637 
3 Benzene (4.80 ml) 4295 
4 Bcnzcnc ether (9. I. 4.800 ml) 7710 

5 Benzene erhcr (I I, 9.600 ml) 31-987 

6 trhcr (4.ROO ml) 3221 

- - ._ . _ .- . _ _ _ _ 
Parnrron chromarographf of the second fracrron (2 652 g) on a CCIIIC 545 parnuon column (330~1 

unng solvcnr system B gave 4 hands Rc-chromarography of rhe frrsr hand 13 23g g: from several columns), 

R, 095. on Woclm basic alumrna. acrrvrry III (98 g). yreldcd 6 sub-fracrrons 7‘rcarmcnr of rhc slxlh sub 

fracrlon (494 mg: elu~d with crher) wrrh Skcllysolve B gave a solid 1344 mg) shown IO he a mlxrure by 

TLC. Rccrysralhzarron IWICC from aceronc gave XXlllh (19.5 mg). mp. 252 -255 dec (Pound: C. WB; 
H.942;N.535;C,,H,,~,O,requ~ra:C.7841.tl.1007.N.5-38”,1;[~]~’ 443 (rOg5);;?~~‘1b20u(s) 

Paruuon chromatography of the third fracrron (2 2g7 g) on a CCII~C 545 parrruon column (330 g) using 

solvcrn sys~cm R gave 5 hands ‘trcarment ol the frrsr hand (783 mgl R, 096. wlrh Skellysolvc B gave a 

colorless solid I423 mg) Rccrysralhrauon from Skcllysolvc B gave XXlXb (209 mg). m p 178 IX3 

(Found: C. 77-41; H. 10.33. K. 55g: C,rtI,IN,O, requires C. 77 37; tt. 1055. N. 564”“); [z]: - Is0 

(c 103); AcAT 590 (sl. 609 (m). 790 (5). R 75 u (s). SMR slgnal ar % 19 r (6H. 2>C -C< 
Me 

) 

Parurron chromatography of rhc fourrh fracuon (I 25 g) on a Cchre 545 parrrnon column (I 50 g) usmg 

solvenr sysrcm B y~cldcd 7 hands 

Band RI WI (mg) 
- - . _ . _ _ 

I 095 I50 

2 0 78 lb2 

3 069 2x1 

4 0 5x I47 

5 046 I51 
6 0 38 nn 

7 030 333 

Band 7 (R, o-30.333 mg). upon rrcarmcnr with crhcr Skcllysolve B. yrcldal I (I5g mg). m p 213 216 dm 

Rccrysrallizauon from rhc same solvenr gave crystals wlrh m.p 214 2 lb dcc (Found. C. 7H 17; H. 9.31 ; 
N. 5.57; C,,tl,,NrOr rcqurrcs’ C. 7X.52; H. 9.59; N. 5.55”,). [a];’ +913 (r 141); A’,“’ 292 3.30. 602. 

b-32. 6 60. 6 72 702. 7.61. 120 u; iEAt’ 2 25 (t 13.500) mu. NMR signal ar 7.56 I (2H. C-l? merhylenc) 

Rcchromatography of the hfrh lracrlon (57 7 g . clural with benzene ether. (1 I )) on basic Woclm grade 

III alumina (1750 g) gave 14 suhfraclions 
---- - 

Fracrron Eluanr Wr (g) 
_. - _ _ - _ . _ 

I Skcllysolvc B-hcnzcnc [( I : I). 5.5 I ] 

2 tknrcnc(3 I I 2,306 

3 Benacne (3 I 1 4,667 
4 Benzene (3 I ) 4 707 

5 Bcnacne erher [I9 : I J. 3 I ] b497 

6 Benzcnc crher [(9:l). 3 I ] n 355 
7 Rcnzcne ether [(9 ‘I). 3 I ] 7564 
n Benrcne crher t(9.1). 3 I ] 4951 
9 Bcnzrxre erher [(X :2). 3 I ] 4 IO3 

IO Benzene erher [(g:2). 3 I ] 3,201 

II Benzene crhcr [(7,3). 3 I ] 2964 
12 Benzene ether [(7.3). 3 I ] 1967 
I3 Bcn7xnc erhcr [(7 3). 3 I ] I-618 

I4 Frhcr 2459 
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;‘;B 290. 297. 3.27. 602 (s). 609 (s). 6.60 (I). 7 5Y. 6 24. 6 33. 6 72. 704. 9 55 Im). 120 )1 Iml. ;‘:: 226 (L 

14.300) mu 

Weducmn a/ S-benzoplcycloxohx~ne-F (I) wrh lrfhrum alummum hydrufe 

(a) Under mdd condtrronr N-Bcnwylcycloxobuxinc-F (240mg) m ether (20ml) was added IO a sus- 

pcnsron of LAH (210 mg) In anhyd ether (5 ml) Af~cr being snrraf 3 hr at room remp lhc rcaciron mrxlurc 

was cooled In an ~az bath and ether saruraral with water was addaf cau~rously IO dwompoe the excess 

rcagcnr The suspcnsron was fihcraf and the morganrc pp~ washed with CH,CI, The f&rare was drrcd 

over anhyd Na,SO, and conctnrrarai. The rcsrdue was punficd by chromatography on a CCIIIC 545 

parurron column (solvmr sysrcm B) IO @ve a sohd matenaf (210 mg). m p 242 244 ds which was shown 

by ‘TLC IO be homogeneous Rccrysrallr~a~ron from acetone aflordcd ~hc alcohol (ll)( 186 mg). m.p. 244 247 

dcc (F0und.C. 7RU4; tL9Yl; N. S-5R; C,,H,,NIO, rcqurrcs: (‘. 78.21: H. 995. N. 5 53”b). [z]F 178 

(c 092). ;:A:“ 2 go. 2.92. 6.03. 6.60 IS). 7 60 u, j.z:‘1” 224.5 (I. I I .650) mu 

(h) L:nder moderare c~ondrrron.~ N-Henroylcyc1oxohuxInc-F (3(Y) mg) was rrcaraf with LAtl (400 mgf rn 

anhyd ether (70 ml) as before ‘The rcacrron mrxrurc was allowed IO srand ar room temp. with strrnng for 

14 hr The producr (2X3 mg 011) uas fracuonarcd by pirrurron chromarography (solvent sysicm B) whrch 

yrcldcd 2 major bands Band I (leasr polar) gave a cryslallmc marenal (36 mg). m.p I53 I55 . which was 

shown ro be rdcnucal wrrh IV by mrxrurc m p (no dcprcssron observed) and IR analysis (spectra supcr- 

rmposable). Band 2 gave a colorlcs sold (201 mg) m p IS4 IS6 which was shown IO be homogeneous 

by TLC Rccrystallrrarmn from Skellysolvc B afforded Ill II48 mgI m p 165 I67 (Found- <‘. X023. ti. 

1069; E;, 5-61; C,,H,,N@ rcqurrcs: <‘. ffo.43. ti. 1064. N. 56Y”,); Lx];” + II? (c O-HSI; i:E’ 27Y. 

3 05. 6 24. 6 74 u 

(c) L’ndpr ~qorotu condtfwnr N-Henroylcycloxohuxinc-F‘ (100 mg) was drssolvcd In droxan (15 ml) and 

added to a suspcnsron of I.Atl I 15s mg) In dioxan (IO ml) ‘Ihc rcaciron mrxrurc was hcarai ar rcllux temp. 

wrrh surrmg for 48 hr ‘Ihe rcactron vessel was cooled m an ICS bath and excess reagent dccomposal by 

(hc addrnon of ether saruramd with warcr The susprnsron was filieraf and the morgamc prccrprrarc 

washed wrrh CtlJl, The hlrrarc was drrcd over anhyd E;a,SO, and conccntrarcd IO give a yellow 011 

(IO? mg). whrch was fracuonaraf by adsorpuon chromatography on hasrc Woclm grade III alumma (X g) 

L’lurron wr(h henzcnc (50 ml) ffave a sohd marenal (57.4 mg) which was rccryslalhzcd from aceronc 

Skellysolve B IO yield IV (44 mg). m p I55 I56 (Found <I. R29g. tf. 1093. N 6tM. <‘,,H,lNl rcqurro. 

C. g3 13. H. 1099. S. Sgg”.,,. [x]” +g6 (c litO).~_~ 5 25. 6 So u. i!‘E!‘247 (t 2.x)0). wrrh shoulders 
aI 243. 269. 27Y. 2X? mr. hddmonal fracrrons from the column (39 X mg roral) drd nor crysralh;rr and were 

shown by ‘TLC’ to b-z mrxrurcs 

Alcohol III (60 mpf rn droxan (20 ml) was added IO a suspcnsron of I.Aff (60 mg) m droxan (5 ml) and 

the mrxlure was hcaraf IO rcflux remp. with srrrrmg for 4X hr Trcarmcnr of tfw rcacrron mrxiurc m rhc 

usual manner gave a semrcrysralhnc marenal (51 mg) which was punficd by parurron chromarography 

(solvcnr syrrcm BI IO aNord a crysrallmc subsrancz (47 mgL m p I65 I66 shown IO fx rdcnircal wrrh rhc 

srarrmg alcohol Ill by TLC:. mrxrurc m.p ino dcprnsron) and IR analysis (rdcnrrcal spectra) 

N-Bcnrylcycloprorohuxme-F (52 mg) was drssolvad m a mrxrurc of formaldchydc (37”,“; D5 ml) and 

formic aad (lOOn “; 0 5 ml) The soln was hcarcd on a borlmg warcr barb for 6 hr. poural mro waler (20 ml) 

and rrcarcd with solid Na,CO, unril alkahnc The wln was cxrracred wrrh CH&I,. ~hc cxuacts dried 

ova anhyd Na,SO. and conccnrrarcd IO give a solid marenal (54.5 mg) Rccrysralhzrrron from aczrone 

afforded V (37 5 mg). m p 142 143 The m p wav nor depress& by admrxlurc of a sample of N-txnryl- 

cyclopro(obuxmc< obrarnrd synrhcruzally from rycloprorohuxrnc-<‘ and ~frc IR (KBr) spccrra of rhc 

rcspccrrvc umplcs wcrc rdcnrrcal 

Cyc1oprotobuxmc-C I1 50 mg) was drssolvaf m pyrrdmc (anhyd. 4 ml) and rhe soln was cooled ur an I(X 

barb Bcnzoyl chlonde (ft4 mg) was added IO pyndme (I ml) whrch fmd ban coolal rn an ~a barb ‘The 

soln of bcnzoyl chlondc was added IO (he soln of cycloprorobuxmc-C and the rcacrron mrxrurc was 

allowod IO stand ar room icmp for I2 hr ‘Tfrc mrxrurc was poured inro warcr (50 ml) and was cxiracrcd wrrh 
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benzene (3 x 5Oml). the exrraco washed with waler (3 x 2OOml). dried over anhyd Na,SO, and con- 

anrra1ad. The resrduc was dissolved m c1ha (35 ml). warmod on a steam bath m I& presena of No& A. 

and 1hc mrxtum Jiherd The lilrra1c (coloriessJ was concentra1al to give a whire crysralhnc material 
(I66 mg) Recrys1alhta1ron from acelone allorded VII I149 mgl. m.p. 218 22O* dec (Found: C Ro7!3; H. 

l@4O; N. 5.56; C,,H,sNxO requires: C, 8090: H. 1038: N. 5.55’;): [%]A* +32’(c 100); iz# 618 u 

Reducrum oj N-Innroy/cycloprordnu~nc-C (VII) ro ?i-benrykycloprorobuxine-C (VJ 

N-BenzoylcycloprotobuxineC (80 mg) was drssolved in droxan (IOmlJ and added IO a suspenuon of 

LAH (100 mgJ in dioxan (5 ml) The reacoon mixlure was healed a1 rdlux lemp. with stirring for 22 hr. 

Treatmenr of the reaction mix1ure in the usual manner gave a whne sold (74 mg). Recrysralliratico rwia 

from aaronc allbrdal N-benzylcyclopro1obuxinc~C (52 7 mg). m p. 142-5 144.5” (Found: C 83.23: H. 

1109; N. 5.8: C,,H,,N, rqurres: C, 83.20; H. 1109; N. 570”,); [a]? +57’ (c 101); iK&670. 1363. 

I4 33 Jr 

Bmrylarion o/ cycloprorobuxinr-C (VI) ro N-bmzylcycloprorobuxinc-C (V) 

A mixfun d cyc1oprorobuxine-C (100 mgJ and anhyd KsCO, (35 mgJ in dry benzene (3 ml) was 1rcatod 

wrth benzyl chloride (IO0 mg) and healed IO rcflux remp for I2 hr. a1 which time addi1ional benzyl chloride 

(100 mg). K&O, (65 mg) and benzene (2 ml) were added IO I& reaction mixlure. The mixlure was hated 

at rellux remp for an additional 24 hr (36 hr ro1alJ la was added and 1be benzene laya sep~ntod. The 

aqueous soln was cx~racmd with benzene (3 x 50 ml) and the benzene solns were combined, concen1ratal 

IO 50 ml and extracted with 5”; HClaq. The aqueous andrc ex1racr was ma& alkaline by the addi1ion of 

28% NH,OH and extracted wrrh CHCI, (3 x 5OmlL tbc cxtracu dried over anhyd NasSG, and con- 

centramd The residue was recrys1alhzed from acelone to grve N-benzylcycloprolobuxine-C (56 mg). 

Lrhwn oiuminnun hydride redduct& oj ketone VIII 

A soln of ke1one VIII”” (H)OmgJ in dioxan (I5 ml) was added IO a suspmwon of LAH (300mg) in 

droxan (IO ml) The mrxmre was treated af rellux temp. with stirring for 48 hr. Trealment of the raclion 

mrx1ure in rhe usual manner gave a where solid (205 ma) which was shown IO be a mixture by TLC. The 

TcBcrron product was apphed. m CHCl,. IO a pla1e (400 x H)o x DS mm) of ulicn gel HFr,, . ,x6 

(Brinkmann). The plate was developed using benzene AcGEf (I : 2) and 5 bands were visually detected wi1h 

1he use of IJV hgh1. Each band was scraped horn the plate and exrracted wnh CHCI,. Concentralron of the 
CHCl, extracts allorded 

Band 
Ydd 

(mg) 

Purity 

(5;) (No. spots R, (TLC) 
by TLCP 

1 (mosl polar) 544 27.2 4 O-08 

2 1064 530 I 021 

3 I00 SO 2 04@ .43 

4 124 6.2 I o-55 

5 IO.3 5.1 I 075 

TomJ 193.1 96.5 

l Thin layer chromatograms wem developed using benzene 

AcOEr (I :2). Plaza were sprayed wrrh 39, cent sulfate solunon 

m 3N HsSO,. 

Band I gave an orl(544 mg). No attemp1 was made IO purify the oil from band I because it was evident 

from I& TLC analysis that i1 was comprised of at leart 4 compounds none of which was rbe C-l I alcohol 

IX or a producr of hydrogenolysrs Band 2 gave a sold (lo6a mgL m.p. 179-182”. which was shown by 

TLC to be homogeneous Recrysrallinfion from acetoatSkcllysolve B aJTorded IX (57mg). m.p. l8l- 

183’ (Found: C. 71.50; H. 903; Cs,H,,O, requires: C. 71 74; H. 9.15%); [xx’ +9” (c Q77J; NMR 

signals a1 602 (8H.. G(CH,JIO -); 6.38 (IH. m -CtjOHJ. 8@ (3H. s. C-21 MC); 9 I2 (3H. s. C-18 

Me); 9% (I H. cydopropyl C&. 
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of sohd h’a,Co, (In the cold). and extracted wrlh CH,CI, The CHJI, extracts wcrc dncd over anhyd 

NalSO, and concenrralal Parutron chromatography (s&cm sysrem H) of the restdue gave a crystalhne 

marenal (904 mgL m p 227 229“dcc. shown rn he homogeneous by TLC Ret-rysralhzahon from ether. 

Skellysolvc B aflordcd XVII (66.8 mgl. m p 22X -230, dcc (Found, C. 758Y. H. 9 I I ; h’. 5.29; C,,H,,N,O, 

rcqurrcs: C. 76 I I ; H. 9-29: N. 5 38 “,,I; [a];” L 79 (I- I 171 , ;E:s 2 YY. 6.30 ( NH,). S.84 ($1 7.85 (sl 6Q 

(sl. 6 2? and 6 75 (Ar). I?<) p Iml; ii:? 227 (r I4.300) mp 

S-Bcnzoylbuxldlcnmc-F (70 mg) was dlssolvcd In glacial A&H (5 ml) and a soln of Crt), (16 mg) tn 

waler (O-7 ml) was added The soln was allowed IO stand at room tcmp for 6 hr after which waler was 

added. the soln baafial by the addltlon of solid K,CO, and extracted with CHI<‘I, The (‘H&I, extracts 

wcrc dnal over anhyd NalSO, and concentrated The restdue was dlssolval m McOH IS ml) and heeled 

at reflux temp for I hr The M&H soln was concentracal IO give a yellow oil (55 mg) which was chromalo- 

graphed on neutral W&m grade I alumma (I 5 gi. cluung with Ctt ,<‘I, The firs1 fracnon (500 ml) y~cklai 

a yellow 011 (32 mg) which appeared IO bc homogcnous as shown by TLC The compound did not slam 

with DragcndorfTs reagent and was msolublc In IN HCI (10 ml) A “z:* 2-95 5 83 (m). 602. 609 (s). 662 

(sl. 6 34. 6 73 P, h’MR signals PI 79U (d. J 7 5 c $1 and 8 20 r (d. J 7 5 c s); ugnal for (CH,),N wasabsent 

N-Hcnroylcyclopro~obuxolme-D (8Y 3 mg1 wa drssolvcd tn formic actd (Y7”,; 0.89 ml) and form- 

aldehyde MOO”,. O-8Y ml) The mIxlure was healed for 6 hr rn a boiling water bath then poured Into water 

(IO ml) and treated with solid h’a,CO, until alkalme The soln was cxtracrcd wlfh CH,Cl,. the cxtracls 

dncd over anhyd h’a,SO, and concentrated Rccryslalhzaatlon of the residue 3 hmcs from acetone gave 

colorless needles (22 9 mg). m p 251 256 (dccl The m p was not depressed by admixturn of a sample of 

S-bcnruylcycloprorobuxolme-(:. and the IR spcc~ra of the rcsprctrvc samples were tdcnucal 

.4 mIxlure of h’-bcnzoylcycloprolobuxohne-D (X7 6 mg) and anhyd KICO, (IOg) In anhyd benzene 

(20ml) war treatal ulrh bcnxoyl chloride (I 13 mg) and sttrrcd for I 5 hr The mixture was concentrated 

and the rcsldue treatal ullh water (IOml) and CHCI, (IO ml). Afra stirnng I hr. the CHCI, soln was 

scparalcd and the aqueous portion extracted agam wtth CHCI, The CIICI, solutions were combined. 

dncd over anhyd h’a,SO, and conccntratcd Ihc rcstdue ws crystalhzcd from acetone IO give colorless 

nccdlrs (69 5 mg). m p 260 264 dcc (softens al 220 I Rccrystalhzarlon from acetotz& gave XXlllc(38 8 mg). 

m p 262 264 dcc (Found <‘. 7X-70; H. 8X7. h’. 462; C,,H,,NzO, requtrcs. C. 7864: H. X91; N. 

4 5X”,.); [a];’ + IS (rO97); ix&,6 15~ Is) 

A mtxturc of cyclovtrobuxme-D (YY Omgl and anhyd K,(‘O, (20~) m anhyd benzene (20mll was 

treated with bcnzoyl chlondc (196mg) Treatment of the rcactlon mlxturc In the usual manner gave 

colorless nccdlcs (709 mgl m.p 302 .3OS dcc Recrystallization from acelone gave XXllb (24 7 mg). m p 

302 304 dcc (Found <‘. 7~ 56; H. X 84: N. 4 70. C,,l!,,NIOL rcqurrcs C. 7X64: 11. X91 ; h’. 4 5X”,,). 

I1 16” ?I (c I 121; i*z,6 15~ Is) 

s;-Benznylr~cloprotobuxolmc-I) (57 2 mg) was dissolved m Y7”,, MeOH (17 ml) conlainmg KOH 

(O-Sg) ‘The mlxfure was refluxcd for 2.5 hr The reactton mlxturc was concentrated. the reslduc dllutcd 

with water and cxrraclal with CHCI, The cx~racts were dncd over anhyd Sa,SO, and conccnlralcd The 

rcslduc was chromatographcd on a Cehrc 545 partrhon column (5 g) using solvcnf sysfcm B The band of 

R, 0.20 gave a colorless soled (32-2 mgL m p 132 13X Rccryslalh7auon from Skellysoln B gave XXlVa 

(22 5 mg). m p I3Y I41 (Found- <‘. 77 71 ; It. I I .%I: N. 70; C1,H,,NIO rcqutrcs: C. 77 55; H. I I 52. 

s. 696”J. [z]:,’ I IV ((-091) 

I hc aqueous alkahnc soln was acid&d wlrh cone HC’I and cxrraclal with <‘H,CI, The cxlracts were 

dried over anhyd h’a$O, and conccnrralal IO gtvc a colorless sohd IS mg). m.p I IX I2 I The m p WBS 

not depressed by admtxturc wtth an authcntlc sample of bcnrolc aad. and the IR spectra of the rcspccfivc 

samples wcrc idcnllcal 
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Smular rrcalmcnt of N-benwylcycloprolobuxollne-(‘ (250 mg) gave a colorless sohd f I56 3 mg). m p 

I52- I56 A portion of this producr 1829 mgJ was rccryslalhzcd from Skellysolvc H IO g~vc XXlVb (26 I mgl. 

m p I60 I63 (softens at I54 1 (Found. C. 77-58. H. II 5.3. N. 6.80. C,.H,,N,O rcqu~rcr C. 7782. It. 

II 6l.N.672”.);[ar t 20 fc.045) 

Cycloprolobuxohne-<‘ (89 5 mgt was dlssolvcd In a mlxnrre ol bcnrcnc (IO ml) and anhyd pyridmc 

I? mll and cooled m an ILX bath A bcnrrnc soln of phosgenc (I2 5 ‘,,. 3 5 ml) wan, added After 5 mm. rhc 

ICE bath was removed and the rnix!urc shrral I.! hr al room rcmp IW was addcd and the bcnlrnc layer 

scpararcd ‘The water soln was cxrractcd with Ctt<‘I, and the extract and bcnrrnc soln wcrc combined. 

washed with waler. drrcd over anhyd ~a,SO, and conccntralcd The residue wu chromatographcd on a 

(‘cl~rc 545 parlluon column t5 g) using solvent slsrcm B The hand of R, 0 60 gave a hghl yellow sold 

(39 I mg). m p IXS 192 Rccrys!alhz..uon from Skcllysolvc R gave the XXVI 123Y mg). m p IV2 IYS 

(Found, C. 7594. It. 1044. S. 630. <‘J8tt,,N10, requires <‘. 75Y7. H. 1047. N. 633 ‘,I. [z]F -?I 

(c.O601.;.“.620~ Is) 

f’t-rdlc ad rtrrutwn oj rycbprowhu rolme-1) ( XXIVa) 
Cycloprolobuxohnc-I (32* mgl was dlssolvcd In 5”, A&H (50ml) and water (l5Oml1 and 0 I4 

S ItlO, (30 mll was added Aliquots(50 ml) were withdrawn al 30 min. 61) min. and IX0 mm and ulralat l 

Hlank solns (prepared as above hur ulth no compound added, were rltralat at rhc same umc Intervals 

Molar cqulvalcnls of 1110, consumal lmml. I (30). I2 (601. I2 (180) 

N-Bcn~oylcycloprorobuxollne-I) (ho0 mg) was dlssolvcd In glaoal Ac<)H (5 ml) and a soln of C‘rO, 

(I4 3 mpl In waler (06mll wa\ added The mlxlurc uas slural al room lcmp for IX hr. then d~lu~cd w,th 

waler and rrcatat with shl K,(‘O, until alkahnc ‘The alkahnc soln was exrraclat with CHCI,. the 

cx!racis dncd over anhyd ka,SO, and concentrated The rcslduc was chromalographcd on a CCIIIC 545 

parutlon column (5 gl usmg solvent system H The hand of R, 0 ?X gave a solid (42 6 mg). m p 20.5 209 

dcc Cryslalhwlion from a cone acctonc soln gave rhc ketone XXVII (I7 7 mgl. m p 210 213 dcc (Found 

C’. 7842; Ii. 966. N. 562. <‘,,tl,,N~Oj requirr- <‘. 7852. H. 9 5Y. N. 5 55.‘,1. [z]: + IV I(- OYHI. 

;.‘A:‘* 5 t? fc). 6 I4 )r Is) 

~~Bcn~oylcycloprorobuxohnc-C (I IO mg) was dissolvat m a mix!urc of Ac,O (I~Omt) and anhyd 

pyrldmc (30 ml) and allowed IO stand overnIght a~ room rcmp MeOH was added and after ,tandmg lor 

30 mtn. the rmxlurc was concznlratcd The residue was dllulnl with waler. trcalcd wllh sohd K,C‘O, 

unul alkahne and exlraclcd wlrh CtI,CI, The cxlracls were drlat o\er anhyd Na$GO, and conccn\ra[nl 

The rcslduc was chromalopraphcd on Woclm haslc alumina. XIIVII) III 120 p) The fraction clutcd u-lib 

bcnrrnc wa.s rr~ryslalhrrd from acctonc IO yrctd XXIlld (22 7 mg), m.p. ?M 262 dcc (Found C. 76 X5, 

tt. Y 76. 5. 5 IS. C,,ti,,N20, rcqulres. <‘. 7682. tt. Y67. N. 49x“.,]. [z]:,’ h 60 (t- I IO], 2:‘:;” 5 7Y 

(51. 6 IX )r 1s1 

I.trhtum olumtntum hydrldr rrducrton oj kc*fonr XXVII 

Kctonc XXVII i I04 mg) was rcduccd In 2 equal p)rilon\ ‘The ketone I 52 0 mgr W.U d~olvcd m anhyd 

ether (3Oml) and IAll (X5 5 mg) was added while cooling the rcacnon fla.sk m an ICC harh After I hr. rhc 

ICT bath was rcmovcd and snrrmg was conrmual for 3 hr al room lcmp followal by rcfluxmg for 0 5 hr 

A fcu drops of waler. 20’ y NaOH. and tinally Naicr wcrc added and Ihe granular pp~ was removed b) 

lilrrauon and washed rhoroughly wrrh ether The clhcr mln wa\ conccniralcd and rhc rcslduc purrhal h! 

chromatograph) on a (‘~IIIc .545 parrmon column 15 gl usmg solvcni system H IO give 4 bands The hand 

of R, 065 pa\c a color& soled 129 Y mp ~oial from IO4 mg of kcloncl and rhc band of R, 04X gave a 

colorlc\\ solid (47 2 mp toulj Hoth were homogeneous sol& (Tl.<‘t. Tbc two rcmammg bands of lower 

R, pabe 1~~s Ihan 3 mp of malcrlal comhlncd 

both WIKIS wcrc comyrnl tTI.<‘. parrlllon chromatography. IR spectral with rhc I Att rcducllon 

l The proccdurc uscd wac that of Jackson. Orguncc- Hroc-fton~ Vol II. p 361 
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product of XXlIla The ~solrled malerial gave a reduction product Identical to the matenal obtained from 

XXVII. band of R, 0-48 

The maferial obtained from the band of R, 0.65 (I I7 mg from several reductions) was mcthyiatal by 

rbe usual method and the product was aatylated without further purificauon by stirnng 12.5 hr in a 

mixture of Ac,O (IOml) and anhyd pyndme (3Gml) The reaction mrxture was treated in the usual 

manner IO give line colorless needles (71 3 mg) lrom a conccntrarcd aatone soln TLC mdicaled a mixture 

of slarting malenal and product Several recrystallizations from aalone gave XXVlllb (16-6 mgl m p 

154-157’ (Found: C. 78.89: H. 1046; N. 5.15; C H N 0, rqutra: C. 78.78; H. 1@29. N. S.lO”,); ,L Je 2 
[rl]E + W (c o-41 ); L’,” 5.75 )I Is) 

The matcnal obramed from the band of R, 0 48 II07 mg) was treated m an ldeatical manner IO give. 

alter several rmystalhzatlons from aatone. XXVllla (14.5 mgl m.p 188-191 (Found: C. 78.83; H. 

IQIR. N. 516; <:,bH,,N,OI rqulra: C. 78.78: H. 10.29. h’. 5.10”,). [%]A’ + 22’ (c 099); i.‘z5.76 )r (s). 

Tlgloylcyclovirobuxeme-B (21 I mg) was dtssolved In 3”” mcthanohc KOH (2Oml) and the mixture 

rdluxed I hr The reactton mlxturc was conccnlrated. [he residue dllurai with waler and extracted with 

erher The cx~rac~s were dned over anhyd Na,SO, and conrmtrated The restdue (183 rngl m p 192 196 

was recrystalltrzd from Skellysolve B several times IO give colorless needles (25.1 mgL m p MO 202 

The m p was noi depr& by admixture with an authmitc sample of cyclovlrobuxetncB and rhe IR 

spectra ol the respecuvc samples were tdenitcal 

The aqueous alkalrne soln was arzdtlial with cone HU and extracted wtlh CH,CI, The extracts were 

dried over anhyd Na,SO, and concentrated The restdw was chromafographed on a s111cic acd column 

(2g) The fracnon eluied wlih CHCI, crystalhz~ on standing IO yield a colorless sohd (8.2 rngL m.p 

61 63 The m p was nor depressed by admIxture with an authentic sample of I@C aad. and rhe IR 

spectra of the rapecrtve samples were ldenrrcal 

A mixlure of N-acetylcycloprorobuxlne-D 000 mgl and anhyd K JO, (0 5 g) m anhyd benrtne (IO ml) 

was treated with acctyl chlonde (0 IO ml) and stirred for 24 hr Treatment of the reactton rmxlure m rhe 

usual manner gave. after rccryslalhzation from aaione. XXXb (20 I rngh m p 275.279 The m p was 

not depressed by admixlure with an aulhenftc sample (reported” m p 276 27X ) and ihe IR spectra of 

the respecllve samples were tdenttcal 

Yrrh$uru~n oj ~-acerylc)cl~~prorohuxinr-D IXXXcb 

N-Ar~lylcycloproIobuxmc-D (348 mg) was methylarcd In the usual manner to give. after recrystalh- 

zaallon from aatone. XXXe (I4 4 mg). m p 24 I 243 dec(Found:C.78-84;H.llM.N.639.<‘ H ‘r;O 19 50. 1 
requires. C. 78 67; H. I l-38; N. 6 33”“): [x]: + 57 (c O-361; lK&,6.15 p fs) 

Acetylarion o/ cycloproroburne-C 

A mixture of cyc1oprolobuxme-C (74.3 ma) and anhyd K&O, (IO@ IO anbyd knztne (20 ml) was 

treated with aatyl chloride (@2001) ad stirred for 3 hr. Treatment of the reaction mixture m lhc usual 

manner gave. akr IWO recrystallitntions from aalone, XXX1 (27.2mg). m.p. 227-230’dec. (Found: 

C. 78.76: H. I I 58: N. 611. C,,H,,N# requires: C. 78.67. H. II 38; t%‘. 6,33”,,); [zg + IS’ (c lG3); 

i.‘&6 10 )r (5). 
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