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Total Synthesis of Marine Cyclic Guanidine Compounds and Development
of Novel Guanidine Type Asymmetric Organocatalysts
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Crambescidins and batzelladines, novel marine guanidine alkaloids, have unique pentacyclic and tricyclic guanidine
core structures, respectively. They display a considerable array of biological activity and not surprisingly have attracted
considerable synthetic interest. The first total synthesis of crambescidin 359 (7) and stereoselective total synthesis of bat-
zelladine D (11) were accomplished based on a successive 1,3—dipolar cycloaddition reaction strategy. During synthetic

studies of 7, the absolute stereochemistry was revealed. Based on the structure of 7, the novel C,—symmetric pentacyclic

guanidine compounds 69a—d were designed and synthesized as guanidine organocatalysts. The catalyst 69b works
efficiently as an asymmetric catalyst of the alkylation reaction of the glycynate-benzophenone Schiff base 73, which gives

74 with 80—90% ee.
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Fig. 1. Marine Pentacyclic Guanidine Compounds
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Scheme 2. Retrosynthetic Analysis for Cyclic Guanidine Compounds
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Total Synthesis of Crambescidin 359 (7)
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> 7= (Fig. 4, top view). A LD Z &EM5 S58ET
TV ALEW 69 ITB TR, T—FIIERLEO®E
BE DKL ERMBEEA DI LITXKD, V72
PUEBEOFrET D TKEX] D EX 2H
EICEZDIENTELZEN D £269D
IT—FI)VER FOBEHEL, BRI O Fmo L
TIEDHL TWS T —F )VERO SRR E & S
Z, SHICHIETSRRNEFREFTE S Z EBRIEHC
FHEXN7= (Fig. 4, side view).
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Table 1. Hetero Michael Reaction in the Presence of 69

H
N 0
O 2
° o}
Al
2 N
69a-d QJ
70 CHCl,, 0.3M
2
190 min (no catalyst)

69a 65b 69¢ 69d

2.4-fold 2.3-fold 8.3-fold 8.3-fold
{82 min) {78 min} {23 min) {30 min)

ZV LAY 69a—d & 0.1 YEMA, TDOATO
XA TIVIR DSOS E E Z BRI AR bV &
AWTERLE TO/RE, 69a—d DWNWTNDT
T EMS, fiEEMARWR S L T2
DOANTOXA TV Z ML, RO+ v E
TADRESIHGFEL TRIRZENMET DR 0D %
ZENGok. ThbbA—T U EOFYET 1 &
FEIT 269, 7O—XBOFvET1E2EHT S
69a, 69b IZHERTH 4 5B DRI IMER R Z R L
7. BERENZ &I, 7O0—XBTHENFYET o
ZHT D 69d 13, 69c &IFIT [FIFLE D KIS N zh
ZRUZ. I, B5<69d D7 )V EK
JNIEE 70 S ORICAT D n—r MEAIERICEKD

RINEEZT 7 =2 7 T, KOHE<SEDAD
ZEMTEDDEEZOND., KR TIERAERY
DARBFHEIIBRINBN572HDOD, TOANTO
XA TV BT B A 69 O FS IR RS,
ZTOF v ET 1 ODBEPRESITKRET DI LA
WHIL 7=,

RIZ, 69a—c ZflE LT D, VYA T
2T IVIHEBKR 13T 27 IV FIMERIRIZDNWT
Meat L7z (Table 2). 4 AKRIE, 47 > EZD
LG B Bt & U T W22 < OFFZEHR & A
HBM, TT7 UL EMIE ST DHEITME SN
TR,

Z ZTHi{b AF L >—-1M KOH /KiFWk 2 @&,
TY P AbEM 6 ik FTOTY A 22 T3
IR 2R DIUEIRIRERE L2, T ORER, fill
L L T69b ZHWNZHEI, SHAFIE (90
% ee) TNRUIIMLI Nz Tda AR T B T &M
otz —7F, 69a J U 69¢c ZfiliE L U THWRE

Table 2. Alkylation of 73 in the Presence of 69
BnBr o

o]
69arc Ph. _N.F
P N A gy e P,

\Ié

Ph CHzCl-KOHaq Ph Bn
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0—4°C 74a
69a 69h 69¢c
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{649%) {55%) {65%)

Fig. 5. Mechanism of the Guanidine Catalyzed Alkylation
Reaction
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(Fig. 5). Z O 69b ZHWEHEITDH, mNA
ﬁﬂ%fﬂa#ﬁbﬂtgkﬂb,gwﬁm;%m
T, V77 oo 0 — X RS & & HIT
I—TIVIREDEMMIETH 5 AFIVEEN, REFHH
WCHEBERREZREZL TWSZENHL MRS T2

FIZTRIZE9 ZHNT, LD TYILFILNT
1 RIZED BOYIVFIALR R ZRE L/ (Table
3). ZORER, WTHOHRIZHENAFINE (76
—90% ee) TYIIFIMbLINETANHEEND &
Mooz, BIE, BRLET 722 Uit K
SO, 77 20 U OE IR SR BEITDNT
NI 217> T b,
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Table 3. Alkylation of 73 with Electrophiles in the Presence
of 69b

o 0
69b
Ph YN \)I\OtBu Ph YN A o'Bu
Ph R-X (5 equiv.),0°C Ph R

73 CH,Cl-KOH aq 74b-i

R-X t[h] Product  Yield [%] &6 [%]
Me-| 145 74b 80 76
Oot-| 145 74c 83 80
BT 140 74d &1 81
)\,Br 145 74e 85 81
B 160 741 72 79
B 145 749 84 81

0N
E‘r 95 74i 81 g0

FEERIRT Y =D D RRARM D ERMZEITHBNT,
9 2 1,3-RiFRIEE BN ET 2, B
B D SLAREIRAY & ik O BIFEFFEIC D W TR,
ILICAFEEEMEE L/, crambescidin 359 (7)
DD TDOLEERK, batzelladine D (11) DIT{KE
R ERIFRICONTZEDOREBE RN, Fi-,
B TIE, 2ERICEKII U 7= crambescidin 359 (7)
DR EHED EITRETEamR U, Bl Y =2 >
REWD TR 69 DRIFE L, ZDAFRKINNDE
FIZDWTIlR R, SRIGHREZIT>2—#HD T
T AREWE, ERITEE THRNEMEE A
THIENS, RERMMIEEREE S U &S
BAMFFE 26 C, HRABNA AT 0 —7 L TORER
DR IS, £RBFE TR, FirzisEG8r T
fil i DBHFER TR, FRAES AL OB 81T
BWT, BAZOHEBEENMNELTSEEZEZ5N
L. AR THEONIZARZD LT, SHITEMT
EE A B TR OB 2T > T E W,

HiEE

B ARRZEAr H R EEER,

R0 TR A ISR Ak — BRI,

BIBTIREZE 20 £ Lz, ZZITESHELH

UL LY. £AMEz%RiTI2ICHizD, HE
BREICIFZE 217 > T Nz KA EEK, R
Angelina Georgieva {1+, AIEEFHEK, =L MK
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