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As a drug discovery method, there is the concept of privileged structure. This is a skeleton with high affinity for
different receptors and has been widely used since it was proposed by Evans et al in 1988. Natural products including
a Privileged structure, derivatives thereof and synthesized compounds are known to have various pharmacological
actions. However, derivatives that contain privileged structures known for a long time have been studied in many
cases, so it is difficult to explore new medicines and new ones are required. Research on novel privileged structure
has been actively conducted, and spiro skeleton has been drawing attention, so database search has revealed that
bioactive spirocyclic compounds are reported one after another. Among these compounds, 1-azaspiro[4.5]decane and
2-azaspiro[4.5]decane are compounds in the spiro[4.5]decane skeleton, and the 1-azaspiro[4.5]decane compound is
biosynthesized from L-tyrosine, It is found in many natural products, and numerous synthetic examples have been
reported before the year 2000 AD. On the other hand, when 2-azaspiro[4.5]decane compound is searched with
SciFinder® which is a compound database, there are more than 28000 reported numbers, which is more than three
times the number of 1-azaspiro[4.5]decane compounds. In addition, it has been reported that this derivative shows
various biological activities, and the 2-azaspiro[4.5]decane skeleton is expected as a new privileged structure.
However, although many biologically active substances have been reported, 2-azaspiro compounds are capable of
supplying a large number of derivatives, and there are currently few cases of simple synthetic reports. Therefore, this
study aimed at developing a simple synthesis method of 2-azaspiro[4.5]decane skeleton by dearomatization type
oxidation reaction of phenols using hypervalent iodine reagent. The characteristic of this reaction is that oxidation of
the phenolic hydroxy group by the hypervalent iodine reagent generates a phenoxenium ion intermediate and
subsequent spiro quaternary which is considered to be difficult to synthesize by intramolecular electrophilic addition
and substitution reaction It is possible to construct carbon and spiro ring skeleton at once. In addition, since aromatic
amides as starting materials can be easily synthesized from 4-hydroxybenzoic acids and aromatic amines or
allylamines, it is possible to supply many 2-azaspiro[4.5]decane derivatives. The hypervalent iodine reagent used in
the reaction has a high oxidizing ability because the iodine atom has electrons exceeding octets. Its reactivity is known
to have oxidizing capacity equivalent to that of transition metal oxidizing agents such as lead, mercury and thallium,
but because it does not contain heavy metals, it is highly safe, low toxic, easy to handle, environment recently attracts
attention as a harmonized oxidizing agent. Using this, synthesis of 2-azaspiro[4.5]decane compound was investigated
by utilizing dearomatized oxidation reaction of phenols and constructing carbon-carbon bond.

First, N-allyl-N-methoxyamide derivatives were designed and synthesized, and synthesis of 2-azaspiro rings was
investigated using hypervalent iodine reagent. Since amide nitrogen serves as a reaction point for a hypervalent iodine
reagent, a protective group must be introduced. Here, a methoxy group was introduced as a protecting group thereof.
The reasons are as follows: (1) Since the methoxy group is an electron withdrawing group, double bondability of the
C-N bond of the amide is lowered, free rotation is likely to occur and the reaction point in this reaction is brought
closer, (2) Although it is an example of a radical reaction, chelation of amide oxygen and oxygen of methoxy group
is caused by a Lewis acid, thereby fixing the amide conformation and facilitating the reaction. Based on these two
points, methoxy group was introduced. In order to ascertain the effect of the methoxy group, a compound introduced
with the methyl group which is the simplest alkyl group was also investigated. N-methoxybenzamide derivatives into
which three kinds of allyl groups (allyl group, crotyl group, 3-methylallyl group) and N-allyl-N-methylbenzamide
derivatives were introduced, and synthesizing cyclization reaction, all the compounds With low yield of starting
material recovery. To investigate this result, phenoxenium cation which is a reaction intermediate was analyzed by
structural optimization calculation using Hamiltonian algorithm. Calculations were made on the compounds having
four types of allyl side chains (allyl group, crotyl group, 3-methylallyl group, prenyl group). As a result, only 2 kinds
of 2-azaspiro skeletons were calculated it was. In addition, when the carbocation after the cyclization became a
tertiary carbocation, it was much more stable than the one which became the secondary carbocation, so that the ring
of the N-allyl-N-methoxybenzamide derivative it was suggested that the stability of the carbocation produced after
the cyclization is important in the reaction®. On the basis of this result, a compound having a prenyl group was
synthesized and the cyclization reaction was investigated using two kinds of solvents. Two kinds of 2-azaspiro
compounds were obtained with a total yield of 70% or more with each solvent. In addition, each structure was
determined, and it was revealed that this reaction was via the carbocation intermediate as calculated and it has a very



high correlation between the calculation result and the cyclization reaction. In order to ascertain the effect of methoxy
group, N-methyl form was synthesized and investigated. As a result, the yield of the 2-azaspiro compound having the
same structure was reduced. This investigation also revealed that the methoxy group is advantageously working in
the cyclization reaction. Furthermore, it is possible to prepare four allyl substituents (3-phenyl-2-propenyl group, 3-
chloro-2-butenyl group, 2-cyclohexenyl group, 3-methyl-2-cyclohexenyl group) were investigated. Although 2-
azaspiro compounds were obtained in all the compounds despite variation in yield, this reaction strongly suggested
that the stability of the carbocation after cyclization is important.

Next, synthesis of spirooxindoles was investigated using benzanilide derivative as a starting material. As a result of
searching the literature, the synthesis of spirooxindole using hypervalent iodine reagent was already reported by Yu
and co-workers. In 2011, however, there have been reported later reports and application examples utilizing this
reaction it has also become clear. For this reason, since it is difficult to deprotect the protecting group (methyl group
or benzyl group) on the amide nitrogen, search for a protecting group which is easy to deprotect was investigated. A
benzanilide derivative substituted with a methoxy group and an N-phthaloyl group, which is known to be easily
deprotected, was synthesized on the amide nitrogen of benzanilide as a raw material for the cyclization reaction.
Furthermore, for confirmation of the literature, a compound having a methyl group and a benzyl group was also
synthesized and the cyclization reaction was investigated. To summarize the results, it was found that the yield was
14 to 31% for the N-methoxy form and 14 to 55% for the N-phthaloyl form. On the other hand, in the N-methyl form
and the N-benzyl form, yields of 75 to 99% were obtained and very good results were shown.

In the yield of the cyclization reaction, the cis-trans amide conformation of benzanilide was analyzed to investigate
the cause of the large difference between the substituents of the amide nitrogen. In the cyclization reaction of
benzanilide, it is considered that the reaction tends to proceed in the case of cis form in which two aromatic rings,
which are reaction points, are close to each other. Analysis of the amide conformation of benzanilide has so far been
reported only by NMR. Analysis by NMR on N-methoxy form and N-phthaloyl form with low yield was tried, but it
was difficult. Therefore, it was analyzed by structural optimization calculation using Hamiltonian algorithm. The
structure optimization calculation was carried out for a total of 4 compounds of N-methoxy form, N-phthaloyl form,
N-methyl form, N-benzyl form, the most stable structure of cis form and trans form was determined and the potential
energy. The abundance ratio of cis-trans was calculated from the following equation and the correlation with the
yield of the reaction was observed. As a result of the calculation, it was calculated that the proportion of trans form
of N-methoxy form increased. When comparing the calculated cis-trans abundance ratio with the reaction yield, it
was found that there is a very high correlation, respectively. From this result, it could be confirmed that this reaction
is likely to progress at the time of conformation of the cis form. Therefore, calculation was carried out also on the
benzanilide derivative substituted with a methoxymethyl group which is a protecting group which is easy to deprotect,
and it was calculated that the proportion of the cis isomer increased. Therefore, in fact, the N-methoxymethyl-
benzanilide derivative As a result of synthesizing and examining the cyclization reaction, it was found that good yield
of 90% or more can be obtained and it is possible to predict the reaction by structural optimization calculation.

Since spirooxindole was efficiently synthesized from benzanilide derivatives, this reaction was applied to the formal
total synthesis of vasopressin V; receptor antagonist satavaptan (SR121463). A formal total synthesis of satavaptan
is achieved by deprotecting the protecting group on the amide nitrogen of the synthesized spirooxindole. In addition
to deprotection of the methoxymethyl group, spirooxindole substituted with 2-nitrobenzyl group and 4-
methoxybenzyl group was synthesized and deprotection was investigated. The deprotection of the methoxymethyl
group gave an objective product with a satisfactory yield of 75%. In addition, the objective compound was obtained
also in the deprotection of the 4-methoxybenzyl group, but in the deprotection of the 2-nitrobenzyl group, the desired
compound could not be obtained. Among the protecting groups studied this time, it was methoxymethyl group that
"deprotection under mild and easy conditions" could be achieved. To summarize the results, it was revealed that by
introducing a methoxymethyl group, formal total synthesis of satavaptan was achieved in a total of 7 steps, total yield
59%, and this reaction could be applied to the synthesis of bioactive substances?.

As above, the synthesis method of 2-azaspiro[4.5]decane compound which efficiently becomes privileged structure
by computational chemistry was established. In addition, it succeeded in application to the synthesis of biologically
active substances through formal total synthesis of satavaptan.

1) H. Teramae et al., J. Comput. Chem. Jpn. 2015, 14, 213-214; 2) K. Hayashi et al., Heterocycles 2016, 92, 1785-
1795.



i 3 DFEROEF

ZHVE TICHSE ST E B TRS FEEMIIZHELRIEIEN 27308, RO EREHKEFT DS
@%§<\%®¥ﬁisﬂﬁﬁ@%$@%_\ﬁT%ék@ﬁi%%éo_@%&E%m®%< [
72 52 ARG LT E A 2 #5 privileged structure CERMERETE) & FRIEN 2 BB NTEET S
ZEPMBNTEY  HHOEELRABICASFHINTHSD, LL, i< 26 5T 5 privileged
structure (2B W TIX, BEIZZ < ORI TVWDHZEHH Y, TNHOFEEREANTOERDE
HWHOBWRIIRNHETH L LB HND, 16> T, HHO privileged structure ZHE%E L, Tz W TOR
ENLEEND, AFERICBWTIEE T, privileged structure (283 2 it OFFFEIZ BV T A B B # 2 E
HENTWDZ N, REKRZFACAMIZONWTT —ER—ZBR LT 2 A, EWiEtEEH
THAERBLEMN L HE S TNWD Z &, BT 2-azaspiro[4.5]decane ‘H 4% & Fi (L &I L&Y
7 —#~— A SciFinder®lZ T 28,000 fFLL Ek w R L, S BICEERARAEMIEEZ R 2 ERME ST
52 EDVHIBA L, #ric /s privileged structure & LT%UH?T% HZENMFEINT, LML ZOBEKERD
LA, 2 < OEMIEEWERHE STV DIZb20b b, i AEmEsIEb72nEn s Bl
R H D, £ Z TARMIEIX, 2-azaspiro[4.5]decane EH‘%O) 2 S RIEORRE L B E L, BIRha v
FRIEE N7 = ) = VR ORI EARRICSOSIT & 2 BRIEICOW TR 21T 272 b D TH 2,

ZORISORHEIE, BIR M vRREICL D7 = — ke FrF U EOBLICEY 72 ) R =
U LA FUHRREIRE A S, HE< S FNRE AR ONESLSZ LD AR S S D A v e gk
RFA L A RERFKAE JEICHETEORICHD, £, HEMETHLHERT I M, 4-E Fr
FUREBEBRBEETERT I VEXETIAT I VEAPOERICARTE DL LD, £ 0O
2-azaspiro[4.5]decane - EADUAG N ATRETH 5, SUS THWLBIR i = v FRRAIEIL, 3 v REF14
77 NeBAOETFEALTNWDLI ENnb, ., KB, ¥ U U LR EOEBRGRBELA L [F% DR
FRALBEZ FFOZ ERNABNTVWDE N, EEBREE TRV, BWEEELIKEEZ R L, TORV K
WRTEND . RERFRRAI S L GEFERZEDOTWD, £2C, BEFHha vERAEKICLL 7
= /= VOGO 2RI U RE — IRBRES ST 5 2 L I2 XV | 2-azaspiro[4.5]decane
LA DEFRIZ DN TRE T > T D,

BL1ETIE, NTUAN-Z MFTT I RFEGROT A U bNCARE . BIR 3 7 # R E
HAWTO 2-THFALBBEOAMERF L TWDH, £77 I FERIL, B3 7 FREDOKIE R & e
L0, REEROBEADBNELRD, 22T, OA MFVENERSMEETHLZ LB, 73
KD C—NFEEO _HEAMEAZIR TS EHHBERRZE Z L7 < L, RRNCEIT A SR EES1T &
HHZE, @7 I ROMBLA FFVEOBELOFL— a2 RITIETT IRy 74 A—v
2 UNEESNIEPEIT LT D2 8, IO 288 SND 2 e n, R#ERE L TA MY
VEOBAZREF L TWD, T TIEIEEOT UK (TU K, T 3-ATF AT UK
BEALIZN-A RFIRUXT I RFEEELON-T U ALN-2F AR XTI RiFE kA Gk L Rk
G &G L TWD 2, 2 TOMEY TIRIEDOEIL & W I FER L > T D,

ZITRIZ, ZORREEBLET DL, GHRETHL 7= /) =0 LT FAUIZER L, @RI
T3 Y XL E WS R LR R L AT E ERR 4 TR O T U VAT HLEWITK LTV,
ZOFERERICESNT, TV EEAT LG ARG L, 2 FEEOBEEZ AW TRILIG Dt



EITHoTWD, TORER, ZNENOEREET 2HEEO 2-7 A b EMNREF T0% L EOIETH S
N6 &, £, FNENOHEED O ARFINMIFHEBEY OB VR D T A U HEEEZRB LT, &
FER L BAULBUGIZIEF @V N 2 Z L 2B e LTnD, E0l, BIERISIZEHENT A ¥
VEDAFNIHNTNDZ L EBIT, RRINCBWTERILEDO IV AR I FF L OZEENEETH S
ZEERHLTWS, 2B, FHEER EOEBER A2 BT, Hfix 2B L Robem s
RAWTZRE 21T, SREERLONE & RICE L TOZ OMAESD Z LI LT\ 5,

H2ETIZ AN RAT =) FFEALZERE LT AR AF A v F—VEOARARF L TWD,
FPT. TINEZLOFREL ATFALERORU DR ORMEENRETH L Z LD, DURENES
IR DR EIT > T D, BILSUGDRELE 725X X7 =1 ROT I REH Bl BRENES
ThHEMBNLTVD A XU, 7EaANVE ATFAVERORCOVEEZROEWE G L. &’
bR ZE R L. N=A R AR TIE 14~35%, N-7 % A LR TIE 14~55% ERINRTH - 7208, —
7 N=AF AR N~ UK T 75~99% & BN D, IERICRIFREREH55 2 LTk
LT 5,

#3ETIE, BALBUSOIRIZE N T, 7 I FEROBBRIELFICKRE 2208 U RREZELET 57
W, RUAXT =Y ROVA—RNTURATI Rary 74 A—va ZER LTI 217> T, XU X
7 =V FOBALRIS T, BUSR & 72D ZODFHHRERDN NI LTz 3 2R DRI SUS A HEFT LR
WeEEZoNb, ZTNETIC, RUXT=2Y ROT I Rary7xA—2a YOI NMR IZL 5 H D
DB E I TODEN, WROED o7 N-AX FFIARE N-7 Z v A JLRIZOWTIE NMR 12 X
WIRREETH 72720, BRILT VU XL %E AW EERELRHRIC X DT 217> T b, ik
LR Z N-A R ¥ AR, N-7 Z a A /UK, N-AF IR, N2 DURDEE 4 L& LTV, &
ZER NN T v AMRO IR TERHIE L RO, FONTAEEDRT VY VER VX —NH VA~ R T A
DIFFELZFHRE L, SUSOIERE OB EZ#H~5 Z & T, N-A bFUROR -T2 ZROEIEGR L L /e
HIb, T, TNTFNHAEINZVA— M T UATFEREZRMIGIGR & i L, FEFICEWFHEEIRH 5
ZEEWALMNELTVND, SHIZINLDORRNG ., ARUSIT ZED a7 A — a » ORHI UG
DT LT W E MR TE I, £22C. DRENEG RRELTH DL A XU ATFVENER L T2
X7 =V RFFERIZCOWTHEHEEZITV, Y AROEIGNE L b LR SN2, FEERIZ, N-X b
FUAFNARAT =Y FFEEZAR L, BIESUSZRFT L. 90% LA LD BAFRINERZG D 2 LITHk
DL, WEERELFFEIC L > TGO TFRINATRETH D Z L 2L E LTS,

S DICAMIFEIC BN TIL, XU XT7 =V RFERNLHRLIS A A F o1 v F— L 2GRk
ZEMD, RYT LUy Vo ZRIREEGEKCH B satavaptan  (SR121463) DI XMIEA R A~DIGH BT
U, IR 75% & BAFRAER TR AR D Z L ICIIL T D, ULEDREREID |, A PR ATFEE
WD Z L TR TR R L AMARGENER TE, £7o, AFIEIZT satavaptan ORI E
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PLE, RFm3CTiE, fHERSZ VTR privileged structure & 72 % 2-azaspiro[4.5]decane {54
DERIEZEMESL L, SHICFDIGHE LT, NV T Ly Vo BRI TH % satavaptan DIF A4
BEIZEEI LTV D, BFEOERICINZ T, FiitEs JOMAIE, ARAEO AN bEFRIELS . AK
TR IC L L (%) ORICHAET 20D TH D LT 5,
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