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Polyisocyanates are of considerable interest due to their applica-Scheme 1
tions in various fields, such as optical switches, liquid crystals,
degradable materials, composites, and chiral recogriffam.many ; Initiation

of these applications, it is desirable that the molecular weight (MW) X I Q
Q 6 e Na i

and the molecular weight distribution (MWD) of the polymers be

controlled and defined. The commonly used initiators for anionic 98°C THE

polymerization of the isocyanates, such as N&G@iiali metal alkyl ) 0

derivatives and metal naphthalenidésmides’ and alkoxided;
Chain-end Protection i 0

are too fast in their initiation and propagation rates and result in
polymers of unpredictable MW and broad MWbdue to side

reactions and trimerization from back-biting. Besides, in a number Table 1. Anionic Polymerization of HIC using Na—BA as the
of cases, the living character of the polyisocyanates is aBsent. 'nitiator

Coordination polymerization of alkyl isocyanates using organoti-  na-a HIC time M, x 1073 polymer yield
tanium(lV) compounds as catalydtéss a convenient route to (mmol) (mmol) (min) calcds  obsd® MM (%)
polymers with controlled MW and narrow MWD. However, the 390 8.24 60 2.7 13.6 1.09 100
reaction is reversible, and hence, even with a long reaction time of 0.340 8.64 60 3.2 16.8 1.11 100
24 h, the yield was restricted to 785%5¢ 0350 133 60 48 221 112 99
0.380 18.0 70 5.9 30.5 1.08 98

We recently succeeded in ensuring the living charactertaxyl

isocyanate (HIC) polymerization with sodium naphthalenide{Na
initi i iti - aM, is calculated using the relatiof{[HIC]/[Na—BA]) x molecular
g(;idﬁmnastettrr]ae Lneltrl]atl(t))r usé(len_lg!hadtzltlvest,. SUChf ats_ 15 croﬁvaﬁ% Weigh? of HIC + molecular weight of BA x yield of polymer/100° M,
phenylborate.the formaton of Wimers or side  andm,/M, were measured by SEQS in THF at 40°C.

reactions as a result of the high reactivity of the naphthalenide o ]
carbanion was successfully prevented. To find newer and more  'he three initiators, NaNaph, Na-DPM, and Na-BA, differ
effective initiators, we carried out the polymerization of HIC using [N their reactivity and stability. The carbanion from Nelaph is
Na—Naph, sodium diphenylmethane (NBPM), and sodium the most unstable species, and hence, it led to rapid polymerization
benzanilide (Na-BA). Interestingly, we find that NaBA is a with side reactions in the initial stag&sThe [Ka values of
unique initiator for the polymerization of isocyanates since it serves dlphenylmletha;]l_e hand benﬁanllrlldeDln wa_ter are 322 an_d 20,
the dual function of controlled initiation and efficient protection respectlvey’,_w Ich means toatt € Drivianion Is more reactive
of the living chain-ends (Scheme 1). than the amidate anion, BA° Thus, with Na-DPM, the control

S . . of MW was difficult due to fast initiation rates. The amidate anion
The polymerization of HIC using NaDPM resulted in a drop . . -
. : R . . from Na—BA acts as a relatively weak nucleophile due to efficient
in the polymer yield due to trimerization when the reaction time

exceeded 2 min. It was difficult to control the MW and yield since charge delocallzatlon by t_he phenyl ring as \_Ne” as the carbonyl
the rate of pol izt fast. Pol izati inet N group. Hence, the initiation of polymerization using NBA
Ne rs € ohpo.y.rr?enza lon was very a§ ) 9)12“9]['2: ion lusmg ?h occurred more slowly compared to NBPM. The MWD of the

aph as the mmgtor gaye a quantltatl\{e yie 0, the polymer wit resulting polymer 1, Figure 1) was narrow due to low probability
broad MWD until 10 min, beyond which the yield of the PHIC

- 8 ] ; of side reactions. The BAanion mimics the amidate ion of the
decreased with the formation of the trinfeihe alkali metal polymer, establishing a perfect harmony between initiation and
benzanilides have an ionic composition that is akin to the ion of

: ! i propagation rates, leading to PHIC 100% yield.
the growing polymer chain. We observed that-BA failed to The reason NaBA is most effective in furnishing polymers with

initiate the polymerization of HIC, which is ascribed to the gontrolled MW and narrow MWD is not clear from the above
formation of tight ion-pair§.K—BA did not polymerize HIC either  grgument since the propagating species is the same for all three
because it was precipitated in THF a88 °C. Na—BA, on the initiators. In the case of polymerization by NBA, the observed
other hand, is soluble in THF, and the polymerization of HIC using Mw is about 5 times the calculated MW. In the expression used
this initiator turned out to be extremely effective. The yield of PHIC to calculate the molecular weight (see footnote of Table 1), the
was quantitative, increasing steadily with reaction time until 60 concentration of the initiator appears in the denominator. An
min and beyond. As long as the monomer existed in the reaction observed 5-fold higher MW evidently indicates that the effective
mixture, the active chain-ends reacted with the monomer in concentration of the initiator for polymerization of HIC 4820%
preference to attacking the carbonyl carbon in the backisfiable of its actual concentration. A rationale for this typical behavior of
1; see Table S1 of the Supporting Information for detailed data). Na—BA is proposed (Supporting Information). It is suggested that

0.265 17.6 70 8.2 40.8 1.16 97
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R respectively. Terminating the polymer chain by {8@0OCH(CH)-
© 1 R:HR"H COCI afforded the polyisocyanag(chiral polymer). With Na-
o 2 R:CH=CHy,R:H 4VBA as the initiator for HIC polymerization and employing the
o I - 3 R:H,R:COCHs chiral terminating agenf (chiral macromonomer) was afforded.
‘ 4 R:H, R: COCH(X)CH; (X=Cl, Br) All of these polymers1—7) were isolated in-100% yields. Thus,
N5 RiH R:COC(CHy)=CH, it is possible to introduce the desired functionality at the termini
6 R:H, R": COC*H(CH3)OCOCH;

of the polymer and still exercise a perfect control over polymeri-
zation of the isocyanates.
In summary, for the polymerization of a highly reactive monomer

five Na—BA molecules could form a cluster of which only one HIC, we have identified NaBA as a very efficient initiator. It
covalently binds with the HIC. has a slow initiation rate with the additive function of chain-end

To rule out the possibility that the initiator sample could contain Protection eliminating the need for another additive, offering in
unreacted benzanilide, and hence a possible source of error infN€ Process a perfect control over MW and MWD. Using this
calculated MW, we first estimated the benzanilide anion content initiator and its derivatives, it is possible to introduce a number of
in Na—BA from a reaction between NéBA and CHCOCI and functionalities at the termini of the polymer with 100% yields. Easy
found it to be quantitative with at least 90% vyield Bfacetyl access to such functionalized polymers has prompted us to

benzanilide (Supporting Information). Hence, the low initiating investigate further to expand the application scope of these novel

efficiency of~20% could mean that about 80% NBA molecules materials.
are probably protecting the growing chain-end and, hence, prevent-
ing a back-biting reaction, as illustrated in Scheme 1. To confirm
that this indeed is happening, we carried out a set of experiments
in which a mixture of Na-Naph and Na-BA (2—3-fold excess)
was used. In the case of Nalaph, and in the absence of an
additive, back-biting reaction is usually observed specifically at
longer reaction timé? leading to low yields of the polymer.
Interestingly, in the presence of N8A, the yield of PHIC was
~100% (Table S1), which clearly indicates that-N&A is able to
efficiently protect the growing chain-end as an additive.

In the above experiment, again, it is likely that NBA can
initiate the polymerization instead of Nd&aph, though such a

ihility i i i i i Vi - (1) (a) Green, M. M.; Peterson, N. C.; Sato, T.; Teramoto, A.; Cook, R;
possibility is faint considering the high reactivity of the naphtha Litson. S Science 1095 268 1860, (b) Maeda, K. Okamoto. V.

7 R: CH=CH,, R": COC*H(CH3)OCOCHj3
Figure 1. Structure of the synthesized PHICs witt100% yield.
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